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NOTICE

This report documents work-performed under the sponsorship of the-Consejo De

Seguridad Nuclear of Spain. The_information in this report has been provided

to the USNRC under the terms-of an information exchange agreement between the

United States and Spain (Technical Exchange and Cooperation Agreement Between-

the United States Nuclear-Regulatory Commission and the Consejo De Seguridad 5

Nuclear of Spain in the field of reactor safety research-and development,

November 1985). Spain has consented to the publication of this report as a

USNRC document in order that 'it may receive the widest possible circulation

among-the reactor safety community., Neither the United States Government nor

Spain or any agency thereof, or anyLof their employees, makes any warranty,

expressed or implied, or assumes any legal liability of responsibility for

any third party's _use, or- the results of such use, or any information,_

apparatus, product or process disclosed in this repcrt, or represents that

its use by such third pcrty would not infringe privately owned rights.
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FOREWORO

This report has been prepared by Hidroelectrica Espahola in the fra-
mework of the ICAP-UNESA Project.

The report represents one of the assessment calculations submitted
in fulfilment of the bilateral agreement for cooperation in thermal-
hydraulic activities between the Consejo de Seguridad Nuclear of
Spain (CSN) and the United States Nuclear Regulatory Comission
(NRC), in the form of Spanish contribution to the International Code
Assessment and Applications Program (ICAP) of the US-NRC, whose main

purpose is the validation of the TRAC and RELAP system codes.

The Consejo de Seguridad Nuclear has promoted a coordinated Spanish
Nuclear Industry effort (ICAP-SPAIN) aiming to satisfy the require-
ments of this agreement and to improve the quality of the technical
support groups at the Spanish utilities. Spanish Research Establish-
ments, Regulatory Staff and Engineering Companies, for Safety
purposes.

This ICAP. SPAIN national program includes agreements between CSN and

each of the following organizations:

- Unidad E16ctrica (UNESA)
- Union Iberoamericana de Tecnologia- E16ctrica (UITESA)
- Empresa Nacional del Uranio (ENUSA)

- TECNATOM

- LOFT-ESPAAA

The program is executed by 12 working groups and a generic code
review group, and is coordinated by the "Comit6 de Coordinacion".
This comitee nas. aroved the distrioution of this document for ICAP
purposes.
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EXECUT!VE SUMMARY.-

This report presents the results of the assess-

ment of TRAC-BF1 (GI-J1) code with the model of C.N. Cofrentes for
simulation of the transient originated by the manual tr o of one FWi

pump

C.N. Cofrentes is a General Electric designed BWR/6 plant, witn a
nominal core tnermal power of 2894 Mwt, in commertial operation

since 1985, owned and operated by Hidroelectrica Espa6ola S.A. The

) plant incorporates all the cnaracteristics of BWR/6 reactors, with

two turbine driven FW pumps

The objective of this assessment is to generate a Cofrentes model
for TRAC-BF1 and compare code results with plant recorded data

during the start-up test transient of "one feedwater pump trip" with

the plant at nominal conditions.

The model has been developped from plant drawings and documentation,

and a documented and validated RETRAN model.

Principal characteristics of the model include a 4 rings-8 levels

vessel, t o recirculation loops and one representative steam line;
cor. trol systems and trips were also modelled.

A reference / nominal steady state situation was then adjusted by
connecting submodels of portions of the system (vessel,
recirculation loops, steam lines) previously tuned to the desired
conditions. In the same way separated models for each of the

control systems (feedwater/ level, recirculation, pressure) were

developpeo.

The point kinetic option was selected for core neutronic feedback,
as considered adequate enough for this kind of mild operational

transients. Reactivity coefficients were obtained from

perturbations on the 30 simulator, around the initial steady state

situation.

vii
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The transient selected to be reprocuced with TRAC-BF1 was the "0HE
FW PUMP TRIP" start-up test, performed to verify the capability of

I the plant to avoid reactor trip by reducing power to a level
consistent with the capacity of the remaining operating pump.

,

!

| Simulation of this operational transient with-TRAC-BF1 will asses
the performance of the code /model features related to dynamic level
tracking, core neutronic . feedback, recirculation and jec pumps
performance in normal operating conditions, and check Dodels

generated for the control systems
.

A 150 seconds transient was run, this time including all the
!

| important pnenomena occurring in the system.

Sensed level was the most critical plant variable to renroduce.,

Consideration of the water level shift between regions inside and
outside the dryer skirt, due to pressure drop across the dryer, led
to a good simulation of level behaviour as sensed-in the plant.

<

4

| Other variables measured: FW, steam, recirculation and core flow, as
well as power and pressure wei=, accurately reproduced by the code.
Some additional tuning of FW control system settings and steam lines
model would probably improve results for those variables that, in

.

'

the second portion of the transient, behave slightly different to

measurements (FW flow and dome pressure)

i As a conclusion of this assessment a model of C.N. Cofrentes has

! been developped for TRAC-Bfl that fairly reproduces operational

I transient behaviour of the plant. A special purpo:e code was
.

generated to obtain reactivity coefficients, as required _by*

TRAC-BF1, from the 30 simulator. A' complete validation of this

model will require additional assessment with measurements from
other transients that activates other portions and features of the

code /model."

i 1
;

,
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l.- INTRODUCTION

Hidroelectrica Espanola (HE) joined ICAP as a memoer of the UNESA

group in order to simulate two transients of C.N.Cofrentes with
TRAC-BF1 cooe and compare simulation results with data recorded at

the plant.

The code infortation package, including tape with source program of
GlJ1 version, was received and implemented on a SIEMENS 7590-F
computer. Some adaptation was needed on the source received (CDC
version) to make it compilable; test cases were run, with results
slightly different to those provided as reference in some of them.
Later, on August 1989, the IBM version, as converted by Pennsylvania
State University, was released to HE representatives by INEL.
Implementation of this version is currently in progress.

Due to the above mentioned problems, the model and cases described
in this report were developed using the TRAC-BF1 G1J1 version
implemented in a CONVEX computer owned by UITESA. This .orsion has

been vectorized , achieving a reduction in the CPU time consumption
of about 70%. The gcaphics option has been implemented for this
comnuter and an interactive graphic systam has been developped as a
user friendly tool to plot output data'

1-1
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2.- PLANT DESCRIPTION

Cofrentes Nuclear Power Plant, ownwed and operated by Hidroelectrica

Espa5cla S.A., nas a BWR/6 reactor (Mark III containment), designed
by General Electric, ith a rated thermal power of 2894 Mwt.

Located 50 Km from valencia (Spain), Cofrentes comercial operation
started in 1985 and is presently running its fith cycle.

Design features of the Nuclear Supply Steam System (NSSS) include
two loop recirculation system, driven by two centrifugal cumps,

feeding a total of 20 jet pumps, with a flow control valve in each
loop. Feed-water is supplied by two turbine-driven pumps. Four

main steam lines supply the main turbine with the steam generated in
the reactor, each line equipped with isolation valves (MSIV),

safety /rciief valves (SRV) and turbine stop and control valves (TSV
and TCV). Six bypass valves blowdown steam to the condenser from a
common header connected to the four steam lines, with a nominal

capacity of 35% rated steam flow.

The core consists of 624 fuel elements (8x8) with an active length
of 150 in, and 145 control rods. Core power is monitored by 33
vertical strings, each holding 4 Local Power Range Monitors (LPRM),
arranged in a uniform pattern throughout the core. Four Average

Power Range Monitors (APRM) measure bulk power, each one averaging
i 24 LPRM signals.

NSSS instrumentation of interest for the transients analized in this
repcet and related to the Control systems and Reactor Protection
System (RPS) are briefly described: Op transducers are used to
measure flow in the recirculation, steam and feedwater lines; water

| level in the vessel downcomer is also measured by a Op transducer.
| pressure signals are avaliable frcm sensors located in the steam

dome and in the averaging manifold in steam lines at the entrance of
TSV's

2-1
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During start-up tests a special program for collecting plant sis,' sis
was carried out. Prior to each significant transient test, a set of

f
signals considered relevant for later analysis and simulation of the
transient was defined. The Emergency Response and Information

)

System (ERIS) was used as Data Adquisition System for sampling and
recording selected signals.

,

4
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3. TEST DESCRIPTION.-

This transient, identified as Start-up test PPN-23C, aa3 carried out

on feoruary 1985 with the plant operating at 95% thermal power and
94% core flow

The transient was initiated oy manual trip of one feed-water pump,
and the oojective of the test was to verify the capability or the

plant to avoid scram on low water level.

When one feed-water pump is tripped, water level starts decreasing
and feed-water controller speeds-up the other pump to restore

downCommer inventory; however, design Capacity of one pump allows a
maximum flow of 85 % of rated, consequently level will keep on

dropping and eventually would reach low level (L3) setpoint, in
about 15 seconds, and reactor will be scranned if no action is

taken. Cofrentes incorporates an automatic action that lowers power
to a level consistent with the capacity of the remaining feed-water
pump, this is acomplished by reducing core flow to a new steady
state along the original control rod line in the operating map.

When level passes througn the low water level alarm (L4), after a
single feed-water pump trip, a " Recirculation Runback" is commanded
to move both Recirculation flow control valves to a pre-stablished
position. This originates a fast core flow reduction that means an
increase of voids in the core and a subsequent power decrease. A
new steady state is reacned 50 seconds after initiation of the

transient.

Figures 3.1 to 3.7 present plots af measured variables for the 150
seconds of interest, including 10 seconos previous to the initiation
of the transient.

3-1
1
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4.- MODEL DESCRIPTION.-

Figure 4.1 snows the Cofrentes model which- includes reactor vessel
and core, recirculation loops, steam lines from vessel t: turbine

valves, and control systems.- Input data were mainly obtaineo from a
documentec RETRAN mocel.

The main components of the model are- discussed in the following
sections.

4.1.- VESSEL.-

Using the VESSEL component of TRAC-BF1, 4 rings and 8 axial levels
were considered to model the reactor vessel. li:e three inner rings
represent the volume inside the core shroud, with the core in levels

3 and 4 and the outer ring models the downcomer. As illustrated in
Figure 4.1, levels 1 and 2 represent toe core inlet plenum, with jet ~
pumps discnarge located in bottom of ovel 2 (ring 4); core exit
plenum is represented by level 5 (rings 1,2,3).

For the type of transient bring analized, it would be enough one
4 single ring to model the core region, with one average oundle (CHAN

component) to represent the fuel elements. However, three rings-
were considered to allow for future accident analysis (LOCA, ATWS),
in which upper plenum 20/30 effects, when spray is activated, are
important to Simulate the distribution of coolant over tne -fuel

bundles.

The 624 fuel elements have been divided into three groups:

nigh power

average power

low power (including peripheral elements)

connected to the lower and upper- plenum in each- core ring, as

illustrated in Figure 4.2.

4-1
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No metal structures were modeled as the time of interest in the
transients to be analizea is relatively small (150 sec, maximum),
and temperature cnange in the vessel is not relevant

Separators snd dryer are modelled in the axial level 6 using the
perfect Separator option, after some failed attemots to use the
mechanistic mocelt stand pipes are also included in this level.

Vessel connections to other components include feedwater inlet,
modelled as a fill, gover ed by the level control system,

discharging'ir, the_downcomer via a leak path (level 5, ring 4).
Steam outlet is located in level 7, ring 4. Outlets to
Recirculation loops from lower downcomer are located in level 2
(ring d). Recirculation flow mixes in the jet pump (component
external to vessel) with driven flow from downcomer level _ 4, to
discharge into lower plenum.

Channel components representing fuel bundles are connected to lower

and upper plena, with leakage- flow discharging.to the bypass flow
region (levels 3-4, rings 1-2-3)

ECCS injections have been also modelled, using the leak path
feature, although they are not used in the transient.

4.2.- RECIRCULATION SYSTEM.-

Both Recirculttion loops have been
modelled, each being divided into three components:

- PUMP 11-21, representing the suction pipe, from vessel
downcomer, and centrifugal pump

- VALVE 12-22, representing the flow con rol valve and
discharge pipe up to jet pump inlet

- JETP 15-25, modelling the 10 jet pumps connected to each-
! loop.

4-2
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Flow control valve area is defined by the Recirculation control

system.

Recirculation discharge piping consists of one main raiser that

divides into ten Oranches to feed the corresponding jet pumps; these
brancnes nave been lumpeo into one singie line, on the basis of

maintaining steady state pressure drop.

The JETP component of TRAC-8fl has been used to model the 10 jet
pumps connected to eacn loop.

4.3.- MAIN STEAM LlHES.-

One single equivalent line has been used to
model the four parallel steam pipes, with 5 main components:

- TEE 80, models pipes f rom vessel exit to MSIVs, relief valves
are connectad to this component althoug not actuated during
the transient

- VALVE 81, represents MSIVs and associated pipe

- TEE 82 represents pipes from MSIVs to turbine control /stop
valves, and branching to bypass valves that discharge to main
condenser.

- Turoine control and stop valves, modelled by VALVE 83, with
position governeo by pressure control system; they discharge
to BREAK 92, which represents pressure boundary condition at

turoine inlet.

- Bypass valves are modelled by VALVE 70 with boundary
condition represented by BREAK 73

43

- - _ - _ _ _ _



_ . . . . __ _ _ _ _ . _ _ _ _ . . . ._ .. _ _

4.4.- FUEL ELEMENTS..

The 624 fuel elements of t** core have been divided into three
groups (Figure 4.2), correspvading to the three inner rings of the

vessel model:

80 central high power-
436 central average power

108 peripheral low power

The CHAN component of TRAC-8F1 has been used to model the
characteristics of the fuel bundles. 11. axial nodes have been
selected, with active length between nodes 3 to 10, and one group to
represent the'8x8 fuel rods

Leakage flow to the bypass region surrounding fuel channels has been
considered by means of a leak path from the second axial node of the

channels to vessel le"el 3

4.5.- CORE POWER AND REACTIVITY FEEDBACK..

Reactivity feedback has been modelled using the point kinetic
option, w ch void a.,d Doppler coefficients and scram curve obtained
from perturnation , on the 30 simulator, performed around tne steady

! state situation of the core
!

A common axial power distribution is defined for the three types of

fuel channel / bundles modelled.

! 4.6.- CONTROL SYSTEMS AND TRIPS.-
(
|

The. three control systems typical of boiling water reactors are

included in the model, as well as trips associated to Reactor

| Protection System and other automatic actions.

|

| 4-4
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>

4.6.1.. Pressure control *ystem..

This system governs turoine and
bypass steam flow, as L function of pressure upstream turbine
control valve.

.

Figure 4.3 illustrates the scr.eme of the model develooped. Special
attention was paid to the prcper representation of turbine control .

valve cl.aracteristic, to reproduce actual behaviour in terms of
steam flow versus position

No adjustment of the |'ypass portion of the systes has been made for

this transient.

4.6.2.- feed.ater control system.-
'

Based on a level error signal and
mismatch between stear, and feedwater flows, this system controls the

amount of feedwater entering the vessel.

Downcomer water level, as computed by TRAC, is corrected based on

dryer tsure drop, to obtain downpomer wator level as measured in
the p :. Sensars and controllers are modelled by available

control ulocks following the actual system design (Figure 4.4). A

special logic was developped to reproduce coastdown of one pump and

to obtain a smooth transition on total feedwater flow when the
remaining available pump speeds-up in response to controller demand.

,

4

4. 6. 3.1 Recirculation flow control system.-
As the plant is operated

in manual mode, only the portion of the system representing this
,

function has been considered.

The output of the system determines Recirculatior control valve
position, which has been translated into valve area by a separate
calculation, using a specific model of the valve to reproduce the Cy
versus position curve as given by the manufacturer.

4-5
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One of the objectives of the test analyzed in this report was to
verify the behaviour of the recirculation runback. A logic has been
incorporated to the model that switches the manual valve positier
demand to a fixed position (26% open) corresponding to a core flow
demand of 53.16% wnen low level alarm is detected, provided one
feedwater pump 1. tripped (Figure 4.5).

4-6
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5.- STEADY STATE.-

A nominal steady state of the system (Table 5.1) was defined as a
reference or base line condition

Flow spilt to the three modelled channels and bypass were calculated
by a steady state analysis of the core with FIBWR code.

To adjust a steady state situation, with TRAC-BF1, for a model as
that described for Cofrentes, is a hard task to perform if one has
to deal with the whole system and too many variables and parameters
to control. The approach followed was to adjust separately pieces
or submodels with the proper boundary conditions, and assemble them
one by one to build up the entire model.t

9

Partial models .ere adjusted for channel, jet pumps, steam lines,
rectreulation loop, vessel and each of the control system'

The final steady state reached is presented in Table 5.' for the
most significant variables, where comparison with target values is
also included.

A null transient, from the steady-state reached, was run, with the
reactivity feedback mechanism activated, to verify stability of

steady state conditions.

.
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Table 5.1.- Reference Steady State condition

Variable Reference TRAC

|
Core flow (Kg/s) 10646 10642

Recirculation flow. 1 loop (Kg/s) 1550 1550

Steam flow (Kg/s) 1569- 1565

Feedwater flow (Kg/s) 1569 1565

Dome pressure (Pa) 7.17E6 7.17E6

Steam collector pressure (Pa) 6.765E6 6.764E6

Water level, from downc. bottom (m) 10.71 10.71
Core support plate pres. drop (Pa) 0.17E6 0.169E6

Core bypass flow (Kg/s) 1127.5 1129

5-2
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6.. TRANSIENT RESULTS AND COMPARISON WITH PLANT MEASUREMENTS..

The initial conditions prior to initiation fo the transient, as

measured in the plant on February the 2nd, 1985, were:

Core Power 2750 Mwt. (95%)

Ccre flow 10080 Kg/s (94%)

Dome pressure 6.86 Mpa

Vessel level 100 cm (ref. to 0 instr.)
FW flow 1500 Kg/s

From the reference steady state, the model was conducted to a new
one corresponding to the above conditions, by adjusting the

necessary control systems setpoints, and letting it run a 100 sec.
null transient to verify stability.

'
Using the EXTRACT feature of TRAC, the model input file was updated
to the test initial condition.

It was necessary to run 30 sec. of null transient previously to

initiation of the event because the EXTPACT function only updates
thermal hydraulic variables, but not those corresponding to control
blocks. Availability of this feature to update control blocks, when
a EXTRACT is performed, would be a helpful improvement to the code.

Figures 6.1 to 6.7 show plots compe.rison of calculated and measured

values for the most relevant variables.

The most critical variable to reproduce has been the sensed level.
Several runs with different approaches to model sensed level were
considered unsatisfactory. It was found that a very accurate

simulation of sensed level evolution was achieved by taking into
account the difference in water levels inside and outside the dryer
skirt, due to the pressure drop across the dryer, as 6 function of

steam flow through dryer.
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.
.

The initiating event: manual trip of 1 FW pump, was activated at t =
10 sec.

FW flow quickly recutes and causes drop of downcomer =ater level,
reaching low water level alarm (L4 = 0.7823 m.) at t= u.S
sec.(12.5 sec. after transient initiation), this activates the
Recirculation runback logic that cornmands partial closure of flow
control valves (FCVs) to 26% open position.

Partial closure of Recirculation FVCs reduces core flow to 60% in
about 3 seconds (Figure 6.5), consequently void content of the core '

increases and, due to the negative void reactivity coefficient,
fission power decreases as shvwn in Figure 6.6, wnere a very good
agreement in core power response can be observed for both the
initial low power spike and further evolution to a new stable power
level.

Downcomer water level behaviour can be seen in Figure 6.1, where the
effect of core flow reduction is well reproduced by - the temporary
increase before the minimum value at t = 30 sec. is reached . As the
level control system reacts to level drop, FW flow demand increases
and the remaining operating pump accelerates to deliver its maximum

capacity. Figure 6.2 shows a good agreement in FW response during
coastdown of tripped pump ano first portion of acceleration of the
other, differences between ' calculated and measured responses are
observed for the second portion of the transient, where FW flow
accomodates to the new steady state; it is believed that these
differences could be reouced with further adjustment of parameters
of the level control system.

Figure 6.3 shows the avolution of steam flow which exhibits an
initial bias that is maintained in the new steady state, and is-
attributed to the poor' accuracy of the instrumentation.

Sensed dome pressure is presented in Figure 6.7 both calculated and
measured trccar present the same decreasing slope, consequent to

6-2
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power reductlen and accomooation to the new core conditions. A

constant shift is observed after this reduction that C uld be
accomooated w i tt, a better refinement of the model for steam
lines, nevertneless the relative error is less than 1%.

.

?
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FIGUHE 6.2.- TOTAL FEEDWATER FLOW
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7.- RUN $1At!5Tl(S..

All TRAC runs were mace on a CONVEX-C120 vecto-
rial computer o=ned by UlTESA.

Figure 7.1 is a plot of CPU time versus transient time (RT) and
Figure 7.2 plots time step size (OT) versus transient time.

Required calculation of " grind time" for this transient, with a to-
tal numoer of 128 cells, for the 23 components of the model, is as
follows:

CPU (total execution tine) -= 11401 s.
C (total nuc er of volumes) = 128

01 (total numbei of time steps) = 5008

RT (transtenttime,' = 150

3(CPUx10)/(CxDT)=17.79

5
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FIGURE 7.1.- CPU TIMEvs TRANSIENT TIME
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FIGURE 7.2.- TIME STEP SIZE vs. TR ANStENT TIME !
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8.- CONCLUSIONS.

A model of C.H. Cofrentes for TRAC-8F1 has been
oeveloppeo and proved to be adeouate for operational transient

' analysis.

The start-up test of " Trip of One feedwater Pump" has been
reproduced with this model an results have been compared with plant J

measured data.

A good agreement between calculated results and measured test data
has been achieved. Point kinetics option is fairly adequate for
this type of operational transients.

Control systems models closely simulate the response of plant

contollers. Further improvements / adjustments of feedwater Controls
could better aproximate behaviour of leedwater flow.

Attempts to use the mechanistic model for the separators, have led
to non satisfactory results.

The EXTRACT feature of TRAC should be improved with the capability
to update variable status of control blocks.

,
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2 0. O. O. D. D. -0.079 f.64 6 06 0 O.I13E
0. 1.07

3
2.5551E*09 32.1016E*03 NG, 10 VAL (oup0NENT MATER ENERGv =

2 e9tLE-os0 TOTAL COMPONENT wAftR MA55 a
2.6102E-09 LOST WA55s 5.4856E-08 pG. PERCENT MASS Ftow t rea u t t uk No < t h s =

PtRCENT WASS CONIINUlTV ERROR *

De e o o toile 8 e o o e e o e e e o o o e o o e o e a o o e e a s o e o
|

***- PUMP 20**80MBA DE RECIRCULAC10H N51E*8 28I Ilufs 6.49375 delis 7 A.7 Pot-02 ******

TRIP OufGA RHO VOL. Flow uASS FLOW VAPOR FRAC SuoM HEAD Lid - P TOROUE 106Gd
O JUNI = 20 JUN2 a 21

0 1.555E*02 7.581t*Li 2.045E*00 f.550E*03 3.559E-s8 2.44tE*03 2.441E+03 1 '*Eut*00 2.8741 04 0.000E*00

1.55DE*03 NG/5 MA55 FLum 3:4 = 9.4tJE*03 aG/m2-5
CELL 1 FLOW RATE IN m

9.413E+03 rG/W2-51.550F*03 NG/5 MASS Flum OUT s

CELL 4 FLOW RAIE OUT =

PRES 5URE VAPOR FRAC LIQ vfl VAP VEL T SAT T LIO 7 v&P LIO DEN VAP DEN DELTA-P act I C etG et t 1( C F

CELL (PA) (u/5) (M/5) (a) (g) (m) fag /u31 t>G/ujl (PA)

I 7.177E*06 0.000000 a2.42 13 . 4.* 560.709 559.038 560.709 758.1 37.55 0.73541*05 0 0 0 0

2 7.19EE*06 0.000000 92.42 13.I' 560.910 558.045 560.9 0 754.3 a .68 -0.21s82 05 0 0 0 0

h 3 7.218E+06 0.000000 12.42 83.12 568.096 558.052 569.096 7 5 el I 32.79 -0.3976E*05 0 0 0 0-

4 9.063E*06 0.000000 12.42 17.42 577.024 553.666 577.024 759.6 45 IB -0.1845t*0F 0 0 0 0
f f. 4 8 . O o 0 a

32.39 13.04
5

INTERFAtIAt FRICTION
INIERFACIAL HEAT 1RANSFER (*= FLASH.-zEONDENSE)

O

LIO HTC*A VAPOR HIC *A WALL MAS 5 TOTAL ua55 107.E/(*L10 T HE R a.Do v e. A u l t SHEAn SLle s*E gas Rtwttu

TRANSFER RAff IRAM5FER RATE OR-VAP.E) OuALITv Co FFI

(w/u) (w/s) (EG/5) (FG/5) (J/J) (DG/m3-53CELL

1 0.7543E-07 0.377tE-07 0. -0.4880E-12 -0.7506E-86 -0.034 24.9 s.pa 0.l68t-07 0 439E

2 0.6614E-07 0.8071E-08 0. -0.3066E-82 -0.2860E-37 -0.035 4.93 0.06 0.590E 09 0,439F

3 0.5769E-09 0.2884E-09 0. -0.3884E-14 -0.2002E-18 -0.036 4.23 1.06 0.402E-10 0 4?

4 0.1597E-lO 0.7964E-11 0. -0.294tt-15 -0.3617E-19 -0.80s 0. t.00 0.15bE-li 0.44

4.51 8.06

5
s 3 ., 4WE*09 J ,,

2.5702E*03 NG. TOTAL CouPONENT MATER ENERGW
7.9548E-10 LOSI WA55* 2.0446E-08 sG. PERCENT MASS flow I HRb ( I URf*O W E R I - 3.0923f-0)0 TOTAL COMPONENT WATER MA55 s

PERCENI MA55 CONTINUITv ERROR s

Cs o s o e toits 8 s o e e o a e c 9 e o o a s e o o o o o e o o e * * s o

-***- VALVE 22++ VatVULt CONTROL RECIRCULACION N$1EPs 289 1AU52 6.49375 'J E L. I B 2 . it*7BOE-D2 ******

21 JUN2 s 22O JUNI a
t.550E*03 pC/5 12455 s t um IN o 9.al3E*03 eG/u7-5

CEtt 1 Ftow 8t A T E IN s

8.550E*03 mL/5 1M 55 FLUa Out = 6.2441 03 mG/u2-5
CELL 4 Flow RATE OUT *

PRESSURE VAPOR FRAC LIO VEL VAP V E L. T 5AT T EIO 7 VAP LIO DEN VAP (FE N DELIA-P IDI ] L etu e l afCF

C5LL (PA) (M/5) (M/5) (p) (h) & *. ) t r G / at 3 ) istL/A .) (PA)

_
___
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H f 5 5 0l+ E WAPOR FRAC LIO vet WAP VEL 1 LAI I 410 T var vaP Dt te Ottla-P tus i . e o, e se.,

fLLt (PA) (M/59 (M/$) (Fj (p) (p' st .4 6 G/Mjj (PA}

l 8.425C*06 0.000000 -63.82 -64.8 571.830 551.453 57s.r ,s 5.82 - 0 . a l e 91 < t 7 a si o u

2 8.442E*06 0 000000 -B.226 -B.74- 571.967 551.458 578. t 5.22 -O 4645t*05 o o uo
D. O v v0

3 -8.215 -8.827

4(IAL f R 3 ( T ! Ote
0 INTERfACIA4 HEAT II ANSF E R (*sfLASH.-* CONDENSE)

SLIP RtvGas ut*ttu*-

LIO HTC*A VmPOR HIC *A watt MA55 total an A 5 5 101 E/(*t10 fHL

CELL IR AN5f E R RAlf IRAN 5fER RAtt OR-vAP.E) ouA a

(w/m) (w/m) (MG/5) (NG/5) (J/J) m3-5)

t O. J. O. O. O. -0.078 e9.2 8.02 0 78?? 16 0 . ) .l ? f

2 0. o. O. O. O. -0.079 7.64 4.06 c. O_ nan
0. 1.07

3

2.555tE*09 J.7.9036E*03 mG. total COMPONENT WATER ENERGV *0 TOTAL COMPONENT kAIEG MAS $ a = -2 e931E-u4
2.6tS7E-09 LOST MA$$a 5.4973E-08 mG. PERCENT MA55 Flow 1HRuttuRNovantPERCEN1 MA55 CONIINulty EWROR *

Os e a a a to|1s 8 r a o o e o e o o e e o e o e o o e o e o e e o e o e o

***- CHAN 60*+ iC8 ( AN AL i s PE 84 t F E R ! C05 N5fEPs 288 TIME = 6.49375 OELis 2.61780E-02 *-****

6 max 3 MUM SURFACE TEMPERATURE = 5.673e83E*02 WHICH IS IN ROD GROUP 1 CELL 6

0 JUNI e 60 JUN2 = 63 ,

6.400E*03 e6sM2-51.858E*03 kG/5 MA55 FLUA IP =
CEtt s Flow RATE 1h = 1.286E*03 pG/u2-5
CELL 3 FLOW RATE Out * 8.099E*03 NG/5 MASS FLua Out =

CELL 2 LgAm flow RATES 5.935E*01 mG/5 LEAM MAS 5 FLums 2.748E*03 mG/M2-5

7 PRES $URE VAPCR FRAC LED VEL vAP VEL T SAT T LIQ T vAP LIO DEN VAP DEN OfLie-P lof ICHOPE 3CCF

N CELL (PA) (M/$f (w/5; (m) (*) (m) (MG/M3) ( p G/ an 3 ) (PA)

8 7.253E+06 0.000000 8.440 8.883 568.428 558.066 568.428 '58.1 38.00 0.9907E*us 0 0 o-2

2 1,25tC+06 0.000000 9.447 I.604 568.409 558.083 563.409 758.1 37.s9 2095. O O ou

3 7.247E+b6 0.000000 6.373 l.490 561.372 552.803 568.372 754.6 37.96 3933. 0 0 0 0

4 7.242E*06 0.000000 1.379 8.498 Sbl.323 555.449 565.323 749.1 37.93 5189. 0 0 0 0

5 7.237E*06 0.037132 1.389 1.900 568.274 558.323 568.274 743.0 37.90 5186. O O U O

6 7.232E+06 0 129863 1.452 1.198 561.227 559.883 561.226 739.6 37.87 4963. O u o0

7 7.227E*06 0.239952 5.601 4.987 568.38f $60.688 569.979 737.8 37.85 4870. o 81 0 0,

8 T. 222E +06 0.330522 1.817 2.371 561.136 565.000 561.134 737.1 37.82 4773. O o oc

9 7.298t*06 0.397737 2.039 2.728 565.092 568.098 561.099 736,9 37.79 4698 0 0 C U

to 7.213E+06 0.429324 2.242 3.033 568.052 568.r00 561.048 736.9 37.77 4188. O O O O

88 7.210E*06 D.440140 2.357 3.054 568.020 561.029 561.008 737.0 37.75 3a26 0 0 0 0
4w82, 0 0 0-t

12 2.970 3.690

0 ANIERFACIAL HEAT TRANSFER (*sFLASH.-sCONDENSE) INTERFACIAL fRIC7 TON

LIO HTC*A VAPOR HTC*A WALL MA55 101AL a. A 5 5 TOT.E/(*LIO THERMODWNAMjC $ HEAR $Lgp pgyGa$ g(ytjg

CELL TRAN5fER RATE TRAN5fER RATE OR-VAP.E) 00 A L I T,v, COEFF2

(w/M) (W/m) (mL/5) imG/5) (J/J) (mG/M3-5)

0.1664E-07 0.832SE-08 0. -0.ttb8E-12 -0.2539E-86 -0.037 9.67 1.05 O .13 't E - 0 9 e tite

2 0.3052E-08 0.1526E-08 0. -0.2115E-13 -0.5920E-17 -0.037 < 26.5 1 81 0.4tBE-t1 0.14 3E*

3 0.9302E-09 0.465tE-09 0. 0.5349E-84 -0.4444E-18 -0.031 79.6 1,09 0.37tt-12 0 . s .i c t

4 0.st261-09 0.563tE-to 0. -0.4438E-IS -0.345sE-19 -0.028 79.5 1.09 D 485E-93 0. tale

5 C.0365E*06 0.1927E+06 3.437 f.788 0.3540E-Of -0.009 387, 1.37 0.949E*0a 0 teof

C C.7608E-07 0.2880E*06 9.572 8.122 0.4646E-Ot 0.003 0.824E*04 0.875 0.52eE*04 0,136E

7 C.4526E*07 8365E*CE 14.36 12.84 0.3802E-Of 0.018 D.256E*04 1.20 0 333E-05 0.133E

8 0.P976E+07 6.8766f*07 14.09 t3.27 0.3093E-Os 0.032 0.337E*04 8.31 0.268E*05 0.532E

9 0.5393E+08 0.2852E+07 12.09 12.14 0.2268E-Of 0.044 0.352E*04 9.3s 0.296t*05 0 e32E

to 0.9695E+07 0.1996E*07 3.840 4.144 0.842EE-Of 0.049 0.329E*04 1. 3 ". 0.338E*05 0,134E

tt 0,1604E+08 0.3380E+07 0. 0.8966E-O'. 0.999tE-03 0.049 0.573E*04 f.30 0.383E*03 0.153E
0.407E+04 1,24

12

.
. . . . .

.

. .

.
.. .
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is CON (s t ilVE CEtt AhifAGE Cs ANiilli 5 FOR INNER CHAN watt USED FOR WALL ENERGv IRAusfEE t ** E Ha s4 flusD s . e4f t, esi t 15 sir ; SEE wAuu

35UhF H-LIOiCONV) H-v A 6 (C ONV ) Q)DI(CONV) H- L I O ( R AE.) H-vAP(RAD) Otuil(UNV* RAD) 0 9 0 9 / f I tilli ( N( E f.y

EELL (k) (w/w'*2-r) tw/M*42-M) (w) (w/u'*2->) tw/u'*2-n) (w) ( J /.t i

I 558.278 0.2095E*05 O. O. 3934E * 05 O. O. 0.3934E*05 0.57471-05

-2 550.904 0.1292E*05 O. 0.1058E*06 0. O. 0.4053E*06 0.1987E-04

3 553.178 0.8287E*05- O. 0.8286E*0L 0. O. 0.128EE*06 0.717tE-05

4 555.033 0.1274E*05 O. -0, ISO 4E*06 0. O. -0.8504E*06 -0.7847E-05

5 557.031 0.125tE*05 O. -0.4588t*06 0. O. -0.4588t*06 -0.24E6E-04

6 558.403 0.8239E*05 O. -0. 5 9 2 t E * 06 0. D. -0.St2tE*p6 - 0. 3 0u2 E - 0 4

7 559.294 0.8200E*05 O. -0.4989E*06 0. O. -0.4989E*06 -0.38tFE-c4

8 559.959 0,t393C+05 O. -0.3978t*06 0. O. -0.3978E*06 -0.30$CE-04

9 560.246 0.t559E*05 O. -0.377tE*06 0. O. -0. 3 7 7 t E * 06 -0.3032E-04

to 560.288 0.8652Ee05- D. -D.1992E*06 0. O. -0.1912E*06 p 3 20 *E * 04

II 560.319 0.9838E*05 O. -0.2573E*06 0. p. -0. 25 7 3E * 06 -0.2754E-ud

0 WALL COAR5E ME5H EONouCTION INFORMATION (MOD 65 USE A 80'* E CELL PLUID PROPEPl!ES ExCEPt LAst ONE: H1 -COE r f . ARE ave R Af E
(... INSIDE WALL CON 00CTIErN DATA......)(. . . DUT5!0E WALL CONOLCTION DATA..,..)

mE5H WESH H-LIO H-WAP ME5H H-LIC* H-vAP MALL RADIAL NDDE t[MPE R A tWJE S (m),

e Hi-m00E (w/M2-M) (w/M2-m) HT-MODE (w/p?-K) tw/k2-M) *IM580E

t 8.20 0.429E*05 O. 3.20 0.598E+04 0, 559.875 $$2.06M

2 1.20 0.934E*05 O. 1.20 0.598E+04 0. 558.389 552.064

3 I.20 'O.428E*05 O. t.20 0.598E+04 Oi 552 426 552.659

4 1.20 0.828t*05 O. 8.20 0.598E*04 0. 553.930 553.353

5 1.20 0.127E+05 0, t.20 0.598t+04 0 556.937 554.383

6 1.20 0.024E*C5 O. I 20 0.598E*04 0. 557.925 555.220

? 8.20 0.820E*05 0, 1.20 0.598E+04 G. 558.881 555.667

8 1.20 c.132E*05 O. 1.20 0.738t+04 0. 559.707 556.973

9 4.20 0.349E*05 O. 9.20 0.876E*04 0. 560.196 $$7.769

to 1.20 0.tr3E*05 0 1.20 0.876E*04 0. 5F0.295 557.807

It I.20 0.367E*05 0. 8.20 0.876E*04 0. 560.280 553.809

7 92 1.20 0.198E*05 O. l.20 0.876t*04 0. 560.358 557.830'

m

ROD HEAT TRANSFER FOR Group Muu+ t

CONVECTIVE CELL AVERAGE Ot:ANTITIES USED FOR ROD ENERGY IRANSFER 10 CHAN FLUID

T5UR-LIQ ISUR-VAP H-Lf0(CONV) M*WAP(CONV) Ofotitow1) H-L10 ERA 03 H-v4P(RAn) Ovof((ONvaNAD) clor re tu t o Ent se

CELL in) (E) (w/Me*2-s) (w/M**2-m) (w) (w/w**2-M) tw/p**2-a) (wi (j/J)

1 558.754 558.750 0.028E*05 0.300E-09 0.763E*05 O. O. 0.763E*05 0.425E-05

2 563.0P2 562.900 0.349E*05 0.t00E-09 0.St4E*0+ 0. O. c.ltaE*06' O.594E.e5

3 565.684 565.654 0.199E*05 0.IODE-09 0.847E*0E- D. O. 0.547E*06 0.789E-05

4 566.634- 566.629 0.238E*05 0.f00E-09 0.86tE*0f 0. b. 0.86tE*06 0.943E-05

5 .567.814 567.132 0.267E*05 0.100E-09- 0.372E*0f. O. D. J.3721*06 0.809E-04

6 567.998 567.898 - 0. 2 7 3 E * 05 ' O.900E-09 0.169E*0E 0 .. O. 0 969E*06 0.830E-04

7 566.509 566.500- 0.258E*05 0.800E-09: 0.840E*0E 0. D. 0.340E*06 0.tt2E-04

8 565.124 565.100 0.232E*05 .
0.100E-09 0.935t*0E 0. O. 0.935E*05 0.857E-04

0 ROD COAR5E ME5H CCNouCTION INFORMATj0N (u00E. TRIP AND TCHF USED ABOVE ME5H FtutD PROPERilES FOR ALL Sui TOP
p'. 5 H )

.H-LjQ H-VAP TCHF 31 MIN RADIAL kODE.TEuPERATURES (m)WESH ME5H . CHF
~(w/M2-M) (w/M2-R) (m) * CENTERs. NY-M30E TRIP

t 1.20 0 .0.t28E*05 O. .O. BOO 597 646 '592.0E8 586.497 580.987 575.324 569.684 "59.332 557.942
556,649

2 2.02 0 0,832E*05 O. 595;375 635.565 625.178 694.868 604.583 .594.340 584,069 565.685 563.147
560,85t

3 2.42 O G.377E*05 'O. 600.070 688.213 670.See 653.262 636.033 6t9.042 602.t36 572.5b8 568.625

564.957
4 2.zi 0 0.22tE*05 0, 595.932 707.432 687.0E0 667 029 647.277 627.795 608.464 574.955 570.502

566.352
5 2'.42 0 ~ 0.254t*05 0. 5d9.297 756.925 694.4P4 673.231 652.299 639.678 619.248 575.961 57t.275

..

566.907

6- 2.42 0 0.27tE*05 0, 60s.3t5 724.335 701.470 679.040 656.975 635.262 693.769 576.801 571.894

567 318
'7 2.42 0 0.267E*05 O. 602.839 709.678 689.0E5 668.802 648,825 629.925 609.582 575.757- 571.2f5

.

567,077

_ _ _ . .
- - ~ -



- _ _ - -

1. 4 u . 'r 3 3 6?b 435 bt2 0 5 t. 597 705 $72.421 *69 u%,.

B 2.42 0 0 249E*05 0 604.064 4,+34n 4/' ,

* t. b 922.

9 2.42 0 0.226E*05 O. 604 S E. 6 E.* 5 053 616.4.59 603.303 599.960 591.625 S h 3 , 2 4 fi 5L8 '63 566.85u

564.277

3.IC43E*09 J
0 101AL COMPUhENT wAIER WASS * 2.9242E*03 NG. 10!AL E0uP0HENT WATER ENERGY a - 2 . 0 3 '3 t E - 0 3

6.9873E-06 105 T Ma55* 8.8093E-04 #G. PERCENT Mass FLOW IHRut1URNOVEH) s

PERCEHi MA55 (ONilNuliv ERROR =

Os a a a a EDIIs 8 1 a a a a s a e a a a a a s a a a a a a a s s a a a a s

***- CHAN 68** 436 CANALE$ I N I E ta M E D I O S MSIEPs 285 stMEs 6.493F5 DEE1* 2 . 617 tt 0 E - tt .* ******

O max!beUM SURFACE TEMPERATUFE = 5.772382.*02 *H I C r4 15 IN ROD GROUP f. CELL 5

a 640 JUNI a 68 JUN2
5.982E*03 * uma2-57.792f*63 MG/5 MA55 FLOW IN =

CfLL I FLOW RATE JN s
2.064E*03 mG/M2-57 . t 9 8 *. * 0 3 EG/5 MA55 Flux OUI *

CELL I1 Flow RATE OUT =

CELL 2 LEAR Flow RATE = 5 . te 4 0E * 0 2 mG/5 LEAN MA55 FLUX = 6.867t*03 rG/M2-5
1

!

PRE 55UNE VAPOR FRAC L!O VEL VAP VEL 1 SAT 1 LIO T v4P LIO DEN vaP OEN DELTA-P TOT S E t*O* E l(CF

CELL (PA) (M/5j ( af / 5 ) (M) (N) ( II ) (kG/M3) (NG/M3) (PA)

1 7.389E*06 0.000000 7.797 8.272 562.047 559.085 562.047 758.2 38.34 0.34t E*05 0 0 0-

2 7.316E*06 0.000000 2.386 2.653 562.084 559.879 562.014 756_t 36_37 3476. o0 0

3 7.380E*06 0.000000 2.202 2.345 569.958 555.102 561.958 749.9 39.33 60:4 0 0 0 u

4 7.303E*06 0 . t S 3 't 12 2.226 3.166 56i 895 558.735 563.895 742.2 38.29 6693. 0 0 0 0

5 7,296E*06 0.358398 2.629 3.802 561.830 568.036 56t 828 737.2 38.25 7082. 0 0 0 0

6 7.288E*06 0.525508 3.407 4.214 568.755 56f.595 569.753 7~ 9 38.El 7966 0 0 0 0

7 7.278E*06 0.632990 4.458 5.605 568.664 568.793 56t.660 fis.J 38,8% 9710. 0 0 0 0

8 7.267E*06 0.692971 5.523 7.275 568.554 568.939 568.547 735.5 38.08 0.5170E*us 0 0 0 0

9 7.254E*06 0.731772 6.367 8.803 561.432 561.892 561.429 735.2 38.01 c.1292E*05 0 0 00

e IO 7.240t*06 0.763037 7.034 30.15 561.107 569.764 568.289 735.5 37.93 0 1328E*05 0 0 0 0
-

W 11 7.228E*06 0.769752 7.858 10.36 568.886 568.333 568.164 736.4 37.85 O.1289E*05 0 0 0 0
0.2292E*05 0 0 0-1

9.972 12.8112
INTEPFACIAL FRICllOn

INTERFACIAL HEAT TRANSFER (+= FLASH.-* CONDENSE)
0

LIO HTC*A VAPOR HTC*A watL MASS TOTAL MASS TOT.E/(*LIO THERM 00rNAMIC 5 HEAR SLIP REvGA5 t4 E v t 3 0

TRANSFER RATE TRAN5FER RAIE OR-WAP.E) GU A E. I T Y COEFFI

(w/M) (w/M) (kG/5) (MJ/5) (J/J) ImG/M3-5)CELL

t 0.2343E-06 0.II72E-06 0. -0.I?29E-11 4-0.9295E-16 -0.039 9.34 1.06 0.605E-09 0.147E

2 0.5949E-07 0.2974E-07 c. -0.4365E-82 -0.3097E-96 -0.039 22.3 f.to Ci3tSE-to 0.232E

3 0.3200E-07 0.9600E-07 0. -0.1476E-82 -0.302nE-17 0.025 80.4 0.07 0.558E-It 0.22SE

4 0.9947E*07 0.1634E*07 f.7.36 77.92 0.9t44E-Of 0.00s 641 s 42 0.926E*05 0.230E

5 0.704tE*08 0,1476E*08 207.0 168.4 0.8495E-01 0.039 0.377E*04 9.le 0.342E*05 O.198E

6 0.1089E*09 0.4192E+08 245.3 233.5 0.8044E-01 0.066 0.362E*04 8.24 0.673E*05 0.891E

7 0.9478E*09 0.5287E*08 255.7 268.2 0.7389E-Ol 0,104 0.228E*04 0.26 0.106E*06 0,te8E

8 0.3448E*09 0.446tE*08 155.I 242. 0.662tf-00 0.138 0.167E*04 8.32 0.345E*06 0.ISPE

9 0.4249E*D9 0.4299E*08 e2.24 213.0 0.5305E-05 0.*68 0.836E.04 1.38 0.tDOE*06 0.984E

10 0.4947E*09 0.2007E*08 15.36 74.62 0.3559E-09 0.388 0.I14t*04 9.44 0.203E*06 0.IBtf

II 0.936tE*08 0.3130E*08 0.1889E-Of 8.678 0.2585E-02 0.183 0.tF8E*U7 1,32 o_23tE*b6 0 2 tot

0.504E*07 f.28

0 CONVECTIVE CELL 4VERAGE QUANTIIIES FOR INNER CHAN WALL USEO FOR WALL ENERGY TRANSFER 70 CHAN FLUID (A NEG. NIC R$ ON.
SEE MANU. . ,

52

T5URF H-L30(CONV) H-VAP(CONv) Q101(CONV) H-LIQ (RAD) H-VAP(RAO) Q10T(CONV*RAO) Q101/FLuto EHERGv

CELL (m) (w/M**2-M) (w/M**2-u) (w) (w/M**2-m) ( m / a* * * 2 - a ) twJ (//3)

1 559.203 0.2594E*05 O. 0.8097E+06 0. O. 0.1097E+06 0.39E8E-05

2 5%2.567 0.1877E*05 0. O.Itoti+07 0. D. O.tlost*07 0.5123E-04

3 5- 5.969 0.2025E*05 O. O.f468E*06 0. D. 0.1468E*06 0.202tE-05

4 557.754 0.tS84E*05 O. -0.0708E+C7 0. D. -0.1708E*07 -0.2547E-c4.

5 559.880 0.1789E*05 O. -0.2329E*07 C. D. -0.2329E*07 -0.4395E-04

6 560.864 0.2384E*05 O. -0,l996E*07 0. O, -0.1996E*0s -0.4P27E-04

7 561.340 0.2885E*05 O. -0.tS53E*07 0. O. -0.3553E*07 3.4399E-04

e
,
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PRES $URE VAPOR FRAC LIO WEL VAP VEL T %AI 1 a l t/ T v8P L30 DE ra v a l- OfN l' E L I A - P tot ICHost i t s. s

CEtt 4PA) (M/5) (M/5) (E) is) (m) ( M t. / M 3 ) IDG/W3) (Pal

I 7.132E*06 0.999998 5.044 4.166 560.283 560.283 559.767 733.5 37.4% 0.3088E*05 0 0 0 0

2 7.01CE+06 0.999978 43.67 44.38 559.808 559.308 557.788 740.9 36.87 0 8224E*06 0 0 0 1

3 6.998E.06 0.999965 44.79 45.08 558.987 558.988 557.606 743.1 36.81 0.8246E*05 0 0 0 0

4 6.993E+06 0.999956 44.88 45.08 558.942 558.943 557.*73 748.2 36.78 4f50. 0 0 0 0

5 6.991E*06 0.999949 44.93 45.88 558.926 558.926 557.586 748.3 36.76 tE95. O O O O

6 6.326E*06 0.999924 178.9 480.2 552.232 552 484 545.521 753.8 33.93 0.6649E*06 0 0 0 0
-0. 569 7F 06 0 0 0 0

49.93 48.85
7

I N I E, R F A C I A L FRICIION
IN1ERFACIAL HEAT 1RAN5fER (*sFLA$H,-aCONDENSE)

0

LIO NfC*A VAPOR H1C+A WALL MASS TOTAL &l A 5 5 707.E/f*130 THERM 00VNAMIC SHEAR % t ] S" NfVGAS hEWLju

TRAN5FER RATE fRAW5fER RATE OR-WAP.E) OuaLITY COEffl
t*G/M3-51CELL

(w/m) (wth) (kG/5) (FG/5) (J/J)

1 0.2459E+05 0.7043E*05 O. -0.2418E-01 -0.2409 0.998 1.32 0.826 0.701E*08 184

2 0.3936E+06 0.968tE*06 0. -0.8498 -0.8688 D.995 33.1 1.02 0.476E*08 0.548t

3 0.4453E+05 0.2226E*06 0. -0.2041 -0.8580 0.995 0.945 t.00 0.479E*08 0.680E

4 0.5702E*05 0.285tE+06 0. -0.2598 -0.5203 0.995 0.7t0 9.00 0.479E*08 0.839E

5 0,5049E+05 0.2525E*06 0. -0.2245 -0.9868E-01 0.995 0.462 t.00 0.898E*t>8 0.883E

6 0,8230E+05 0.2b32E*06 0. -I.077 -3.648 0.978 759. 1.01 0.874E*C8 0.276*

1CF. 0.978

7

-3.48tE-06 RGiM2-5-9.920E-07 mG/5 MASS Flux Oui =SIDE TUBE
CELL * FLOW RATE OUT *

Pet E 5 5UR E VAPOR FRAC LIO VEL VAP V E L. T SAT T tio 7 VAP LIC DEN wAP dew OtLIA-P tof ICHome ICCF

CELL (PA) (M/5) (W/5) (m) (m) (m) ( u G / en 3 ) (mG/M33 EPA)

1 6.993E*06 9.000000 -1.305 -0.1564E-05 558.938 558.938 558.562 741.2 36.56 431.2 J 0 0 0

444.6 0 0 0 0

-3.999 -0.7009E-07
2 INTERFACIAL FRICTION

INTfRFACIAL HEAT TRANSFER (*sFLASH.-sCONDENSC)W D

C LIO HTC*A VAPOR HTC#4 WALL MASS TOTAL wA55 70T.E/(+L30 THERu00*NAult 5 HEAR 5 LIP REVGAS REVLIQ
s

TRANSFER RATE TRANSFER RATE OR-VAP.E) 00ALITs COEFFf

tw/m) (w/m3 (RG/5) (FG/5) (J/J) (kG/M3-5)CELL

t 4738. 23. G. -0.578EE-05 -0.1770E-Ot 0.526 0.844 0.920E-US 0.237 0.42tf

0.2e9 0,352t-07

2
1.5483E*09 J.

6.0102E*02 FG. TOTAL COM iMENT WATER ENERGV =
- 5, f 78 t f -C j

-6.7263E-03 LOST MAS $s -4 25E-02 WG. DERCENT MASS FLOW 1HEU(IUNNOVEB)0 TOTAL COMPONENT WAIER WA55 e
s

PERCENT MASS CONTINU3TV ERROR =

Os e o e o E05Ts 8 o o o o e o e o e o e o a e o e o o e o o e o e o e o

I

|
l ******

***- valve 8 3 + .. VALv, AISLAMIENTO VAPOR PRINCIPAL H$TEPs 289 TIMEa 6.49375 OELis 2.657mOE-02
*

m blO JUNt = 80 JUN2
t . 6 6 01. * 0 3 *G/M7-5,

CELL l FLOW RATE IN s 1.565E+03 mG/5 MA55 Fi UK IN s

9.565E+03 mG/5 uA55 Flux out = 1.6601 03 >G/M2-5
CELL 3 FLOW RATE OUT *

PRESSURE VAPOR FRAC LIQ vfl vAP VEL T SAT I L70 1 V A 5' L10 DEN VAP OEH DEtTA-P 101 ICHOpf ICCF

CELL (PA) (M/5) (M/5) (M) (N) (F) (MG/M3) (kG/M3) (PA)

* 6.896E*06 0.999891 49.93 48.85 557.999 557.574 556.519 744.0 36.23 0. 0 0 00

2 6.856Ee06 0.999868 46.13 45.73 557.605 $57.603 555.981 743.9 36,03 0 4012E+05 0 0 0 0

3 6.810E*06 0.999827 46.30 45.96 557.852 557.196 555.372 744.7 35.79' O.4594E*05 4 0 0 0

8970. 0 0 0 0

46.15 46.23
4

INIERfACIAL FRICIION
INTERFACIAL HEAT T R Aff 5F E R (* sit 4%H. CONDEH5El

0

.

. .... _
..

. . . . . __. . . . . . . .. ..

.

------
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L10 HSC*a VOPOR NfC*A WALL mA55 101AL MASS 101 E/(*t30 THERM 00VNAMl( St*L A N S L I I* REvGAS REVLjQCEtt TRANSFER RATE TRAN5fER RATE OR-VAP.E) Ouattiv Cutfft
(w/m) (w/K) .(mC/5) (MGIS) ( .t i s ) (MG/M3-56

t 0;1608E+06 0.8042E*06 0. -0.8317 -0.5563E-Ol 0.993 0 0.978 0. 49 7E * 08 0.224E
2 0.l?65E+06 0.8Q23E*06 0. -0.9450 -0.5348E-Ol 0.992 5.94 0 998 0.480E*08 0.273E
3 0.2035E+06 0.967tt+06 0. -a.128 -0.ht:2E-On G,998 0.331 0,947 0.480E*08 0.34tf i4 0.7330-0$ e 00

VALVE AREA = 0.425000E-On PERCENT OPEN z 000 00000

0 101AL COMPONENT WATER MASS = 5.8900E*02 *G. total COMPONENT WAIER ENERGY s 3.51$7E*09 .) .
PERCENT MASS CONijhUliv ERROR s 4.5947E-05 LOST MA55= 9.3928E-05 DG. PERCENI MAS $ Flow THRui11MNUWERI * ~ 2 . 'A 4 t E - tle

Os a e o o E0Eis 6 s e a e o o a o a o e a e o e a o e e o e o e o e o o o

--+*+- TEE 82++ M51V-TUR81NA/8VPA55 H5fEP= 281 TIMES 6.49375 DELY= 2 68780E-02 ++****
O JUNI a 88 JUN2 m 82 JUN3 * 70

PRIMARY YUSE
.

CELL I Flow RATE IN e 1.565E+D3 uG/5 MASS FLuM IN a I 660E+03 mG/MZ-5
CELL 9 Flow RATE OUT * I.565E+03 NG/5 MASS Flux Oui = 8.235E*03 NG/M2-5

PRE 55upt 4APOR FRAC LIO VEL VAP WEL i SAT T LIQ Y VAP LIO DEN VAP DEN DELTA-P ICI JCHQAE jC(F
CELL (PA) (k/5) (M/5) (m) (R) (m) (mG/M3) (mG/M39 (PA)

8 6.80lE+06 0.999764 46.15 46.23 557.063 557.078 555.609 744.9 35.67 0. 0 0 0 0
2 6.795E*06 0.999739 46.20 46.33 557.004 557.084 555.687 745.1 35.61 6011 0 0 00
3 6.794t*06 0.999695 41.30 40.79 556.989 556.998 555.947 745.9 35.54 e485. 0 0 0 0
4 6.7G8E+06 0.999680 49.17 40.83 556.938 556.947 555.936 745.2 35.50 5784 0 0 0 0
5 6. 7 7 tie * 06 0.999628 48.12 40.86 556.013 556.822 556.047 745.4 35.38 0.Il95t*05 0 0 0 0

a 6 6.763E+06 0.999614 40.94 40.96 556.687 556 723 555.890 745.6 35.31 0.e273E*05 0 0 00
' ' *

7 6.759E*06 0.999598 40.69 45.03 556.648 556.649 555.998 745.8 35.25 4561. 0 0 00. O !8 6.764E+06 0.999589 35.45 34.75 556.695 556.678 556.119 745.7 35.27 -5427 0 0 0 0
9 6.763E*06 0.999582 35.08 34.73 556.685 556.683 556.146 745.7 35.26 995.3 0 0 00
to 35.04 34.74 665.3 0 0 0 0

0 I N I E Fe CIAL HEAT TRANSFER (*sFLASH.-= CONDENSE) INTERFACIAL FRjCIION

LIO HTC+A VAPOR HTC*A WALL MA55 TOTAL MA55 TOT.E/(* LIQ THERMOOVNAMIC SHEAR $ LIP e4 E v G A S REvtgG
'

CELL TRANSFER RATE TRAN5fgR RATE OR-vap.E) OUAttiv COEFFJ
(w/m) (w/M) (MG/5) (mG/5) (J/J) (MG/M3-5)

' 0.4088E-Ol 0.990 0. 8.00 0. 480E * 08 0 464E1 0.423tt+06 0. 2 s i t E * 07 0. -2 019 -

2 0.2995E*06 0.IO94E+D7 6. -0.94E8 -0.3699E-01 0.990 0.412 t.00 U.45tE*08 0.486E ;

3 0.4289E*06 0.2409E+07 0. -0.445 -0.2930E-OS 0.990 14.5 0.988 0.42tE*08 0.537E
4 0.1450E*06 0.7205E*06 0. -0.4707 -0.2795E-05 0.990 5.20 0.99/ 0.42tE*08 0.56 t E

5 0.752DE+06 0.3283E*07 0. -l.649 -0.1882E-Ol 0 990 2.28 0.994 0.420E*08 0.6SOE
6 0 8636E*06 0.7135E+06 0. -0.3697 -0.2006F-On 0.999 0.985E-03 1,0C 0.420E*08 0 67tE
7 0.5880E*06 0.2864E+07 0. -0.9214 -0.1362E-OS 0.989 E.08 1_ot 0.438E*08 0.704E '

8 0.es65E*06' O.3798E*06 0. -0.8451 -0.IO67E-Ot 0 999 15 2 0.9pu 0.412E*08 0.785E.

9 0.2118i 06 0.6384E+06 0. -0.2265 -0.9165E-02 0.989 2.03 0.990 ' asst *US 0.724E
to * 23 0.992 ,

,'
SIDE TU8E

' CELL 2 FLOW RATE OUT a ~3.649E-05 NG/5 MASS fouA out = - 7 . 2 9 7 E - f;5 m0/M2-5

PRE SSURE VAPOR FRAC LIO VEL VAP VEL T SAT T 4.10 Y VAP LIO DEN vaP DEN DELTA-P IOI I C t+0M E ICCF
CELL (PA) (M/5) (M/5) (*) (p) '(a) (MG/M31 tnG/M33 (pA)

I 6.762E*06 1.000000 -1.906 -0.5107E-04 556.68u 556.680 555.960 745.7 35.29 693.3 0 0 0 0'

,

4

_ _ _ _ _ _ _ m _____



~ ,,

6.; LIE +06 I.000000 -2.265 -0.I225E-04 556.606 ''E.L68 555.971 745,7 35 8 8843. O o n t.

O.ItFtf-u3 0 0 oo
3 -0.5695E-02 -0.1423E-05

U IN1tRFACIAL HEAT IRANSFER ( e s F L A SH. - [0NDE NSE ) INTERFACIA{ FRI(IION

LIO HIC *A VAPOR HIC *A MALL MA55 TOist MA55 101.E/(*LIO THERM 00VNAulC $ H E .* R 5L IP REVGAS RtvtlQ

EELL TRANSFER HAVE TRANSFER RATE OR-VAP.E) OUALITv COEFFI

Iw/M) (w/M) (MG/5) (MG/5) (J/J) (mC/b3-5)

4 0.6403E*05 508.9 0. -0.2407E-03 -0.706tE-02 0.445 0.140 0.5 elf-05 au 3 5/

2 0.6208E*05 495.4 0. -0.2272E-03 -0.7306E-02 0.489 0.945E-Os 0.541E-05 5.08 1.04

0.487E-02 0.250E-03
3

4.99 70E * 09 J.1.9423E*03 nG. TOTAL COMPONENT mA1ER ENERGv s

0 TOTAL COMPONENs HATER MAS $ *
PERCENT MAS $ CONIINully ERROR = - 7 . '3 4 5 8 E - 0 7 LOST MAS $a -a.542'E-05 AG. PERCINr MASS FLOm tueuttueNovtus 2 -2.495tt.o3

Os s e o a E0lis o o e s e o o o e o e e a a o e o e ae a e o e o e o o
l

***- vatvt 83*+ VALv. CONTROL DE IURBINA N$TEPs 281 TIME = 6.49375 DELT= 2.bl780E-02 ******

83O JUNI e F2 JUN2 *

1.235E*03 mG/M2-1
CELL t FLOW RATE IN * . 565E*03 NG/5 MASS Flum IN =

t.565E*03 KG/5 MA55 Flux OUT * 8.J35E*03 *G/M2-5
CELL 2 FLOW RAfE OUT *

PRES $URE VAPO 4 FRAC LIO vfl vAP VEL T SAT T LIO T VAP LIO DEN VAP DEN DELTA-P 101 ICH0mf IC(p

CELc (PA) (M/5) (M/5) (W) (M) (W) (KG/M*) (mG/u3) (PA)

I 6.762E*06 D.999577 35.04 34.74 556.673 556.680 556.s55 745.7 35.25 O. o0 0 0

2 6.762E*06 0.999577 35.04 34.89 556.679 556.679 556.175 745.7 35.24 6.222 o0 0 0
7J04 0 0 0 0

3 35.18 34.75

0 INTERFACIAL HEAT TRANSFER (*sFLASH.-aCONDEN57)
(NTERPACIAL FRICf!ON

LIO HIC *A VAPOR HTC*A WALL MA$$ 101AL MA55 TOT.E/(*LIO 1HERu00VNAMIC $ HEAR SLIP REvGA$ sevtlG

e CEtt IRAN $FER RATE TRANSFER RATE OR-vaP.E) QUALITV COEFFI-

(w/m) (w/m) (RG/5) (MG/5) (J/J) (aG/M3-1)

t 0. 4 0 7 2E + 06 0.35e5E*06 0. -0.0070 -0.8559E-02 0.989 0. 0 992 0.411E*05 0 130E^

'U

2 0.4072E*06 0.2976E*06 0. -0.9847E-03 -0.7868E-02 0.999 0.860 0,996 0.48tE*08 0.73tE
* 2.30 0.990

3

99.582341.261706E*00 PERCENT OPEN a
VALVE AREA s

6.324E-OnVALVE HWORAULIC OIAMETER *

2.3353E*09 J,
9.0077E*0t MG. TOTAL COMPONENT WATER ENERGY s

0 1CIAL COMPONdNI WAIER MA55 = F .1 : 4 bE - 04
PER((NT MA$$ CONTINUITV ERROR s -l.9686E-07 LOST MA55= -1.7732E-07 NG. PE f1C E N T MAS $ Flow THRu(IOHNovtR) =

De e o s totis 8 o o o e e a o a e o e e o o e e o a 9 e o o e o e e e a

***- VALv0 90** vaLV. ALIVIO-SEGURIDAD N5fEPs 283 ilMEs 6.493* OELIS 2.68780E-02 ******

O JUNI a 90 .' u t ' 2 * 98
-3.40st-06 PG'M2-5-9.920E-07 FG/5 MAis FLUM IN =

CELL I Flow RATE IN s
2.722E-07 mc/M2-5

EELL 5 FLOW RATE Oui a 7.7582-08 FG/5 MASS FLUX OUT =

PRE 550RE VAPO? FRAC LEO vfl VAP VEL T SAT T LIG T vaP (10 DEN v4P DEN DELTA-P 101 ICHO*E ICCF

CELL (PA) (M/5) (M/5) (*) (a) (k) (NG/M3) (FG/M3) (PA]

I 6.992E*06 B.000000 -t.991 -0.7009E-07 558.934 558.934 558.580 741.2 36.55 O. 0 0 0 0

2 1.853E*05 3.000000 0.1000E-09 0.t000E-09 390.359 390.369 390.898 941.5 t.029 0.680FE*07 0-2 0 0

3 1.853E*05 1.000000 1.935 9.234?f-06 390.378 390.373 390.223 948.5 3.029 -10.55 0-8 0 0
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1

4 t , 0. 5 3 E * 0 5 1.000000 . . .i l l 0.5985E-06 390.377 390.377 397.934 948.5 4.008 J 7. 7 7 D-l O b
*

5 8.b54E*05 t.000000 '3.013 0.3540E-06 390.389 390.389 395.407 949.5 3.085 -70.53 0-t 0 ta
6 3.D39 -0.1200E-09 87.60 0 9 00

0 INSERFAC]AL HEAI IRANSFER (esfLA$H.-sCONDENSE) INTERFACIAL FRICIlON

LIO HIC *A VAPOR HIC *A WALL MA55 TOTAL MA55 101.E/(+L10 THERM 00VNAMIC $ HEAR SLjP REVGA5 REVLIQ
CELL TRANSFEP RAtt IRAN $FER RATE OR-VAP.E) OUAL3fy CUEfr1

(w/m) (w/m3 (mG/5) f*G#5) (J/J) ImG/M3-5)
t 282.7 8.113 0. -0 2599E-06 - 0. 5 tf 9 6 0.735 D. O.352E-07 0.508E-u2 0.365E
2 974.7 0.4844 R. -0.3738E-07 -0.2269 0.647 0. l.00 0.788t-03 0.20tE
3 4684 0.8729 0. -0.5819E-07 -0.8040 0.ECS 0.593 0.12tE-06 0.Stuf-02 0. arse t
4 0.2267E-On 0.9134E-Os 0. 0.3866E-07 0.6148E-09 0.688 0.290 0.206E-bir 0 556E-02 0.13(E *

5 0.4375E-Of 0.2187E-Os O. 0.4953E-07 0.4896E-09 0.398 0.301 0.In6E-06 U. 20ef - 0 2 ts 16 f.E ,

(6 0.303 - 0 . 3 9 5 E -- 10

VALvt AREA' 'O.000000E*00 PERCENI OP(N = P.00000s

VALVE HVORAULIC OIAMETER = 1.000E-05

0 TOTAL COMPONENT WAIER MA55 a 5,728tE*00 NG. 10fAL COMPONENT WATER ENERGY = t.4570E*07 J.
PERCCNI MASS (ONT3HUITV ERROR s 2,73ttE-07 LOST MASS. 1.5644E-08 MG. PERCENT MAS 5 Flow THRu(foRNOVER) = 2.2093E'u5

Os e o e s Eosis 8 s e o a o a e o e o e o e e o e a e o e o e a e a e o e
!

***- VALVE 70++ VALVULA 8vPA55 TUR85NA NSIEPs 281 IBMEs 6.49375 delis 2.6tf80E-02 ******

O JUNS e 70 JUN2 e 73

CELL 1 Flow RATE IN = ~3.649E-05 EG/5 MA55 FE Ux IN a -7,297E-05 3G/M2-5

2.586E-04 kC/5 MA55 FLUM CUI . 5.972E-04 WG/M2-5CELL 2 FLOW RATE OUT =

-Y PRES 5URE VAPOR FRAC LIO VEL VAP VEL T SAT T LIO I VAP LEO DEN VAP DEN DELTA-P TOT IChowE 1(EF .

CELL (PA) (M/5) (M/5) E k .I (al (m) (mG/M33 tmG/M3n (PA)-*

Ch
a 6.76tE*06 0.999995 -0.5695E-02 -C.9423E-05 556.668 556.668 555.975 745.7 35.28 0. O o O c
2 6.600E+06 0.999999 0.1000E-09 0.1000E-09 555.050 555.050 553.864 748.9 34.59 0.8613E*06 0 0 0 0
3 0.8557E-02 0.4325E-04 -0.347CE oA 0 0 0 0

0 INVERFACIAL HEAT TRANSFER (** FLASH,-sCONDENSE) INTERFActAL tRICIION ,

LIO HIC *A VAPOR HIC *A' WALL MASS 101AL MA55 TOT.E/(+Llu IHERM00vuAMIC SHEAR SLsP REvcAs REvt:0
CELL TRAN5fER RATE TRANSFER PATE OR-vAP.E) OUALIiv COEFFI

(W/m) (w/M) (Rb/5) (FG/5) (J/J) (uG/M3-5)
1 6936, 63.26 0. -0.2884E-04 -0.4608E-03 0.686 0. 0.250E-03 0.264 0 236E
2 0.1886E*05 209.7- 0 ._ -0.258tt-03 -0.2431E-02 0.88 O. s.00 2.44 0.607E
3 0.4t?E-02 0.e55E-02

.

0.000000E*00 PERCENT OPEN = 0 0C000VALVE AREA s .

VALVE Hv0RAULIC OIAMETER = 8.000E-05

3.4937E*03 'i. 10fAL C nss P ON f,N T WATER ENERGv = 9.0934E*07 J.0 TOTAL COMPONENT WATER MAS $ =
PERCENT' MASS CONTINUITV ERROR = -4.6750E-0s LO51 MASS. -1.6334E-05 kG. PERCENT MASS Flow IHRUfiURNovER) 5.5065E 03=4 ,

Os e o o a EDlTA 8 e a o o a e o o o a o a o e o o e a s e a o o e e a o o

i
4

-***- BREAK 92** TUR8]NA NSTEPs 289 TIMES 6.49375 DELim 2.61780E-02 ******
3 JUNI s 83
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O 90TAL C OMP ut4 E N T wAIER M455 s
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-S,IN992JE
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t.0t?619E*0410IAL MASS INJECIEO AT FILLS =

-1 857522E-05 LD5T MA55= -3.7Fl700E-02 mG PERCENv MA5s rLow rowutrumhavgR;, -6.82892.03050tt+05COMPUTED SYSTEM INITIAL MA55
=
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=

2.6t?799E-0-6.493749E+00 DELI =

05IEA0v SIATE TIME STEP NO. 281 CONVERGED IN I ITERATION $. TIME a

MAX. CHANGE RATE MAN. CHANGE RAIE (%) COMPONENT LEVEL / GROUP / CELL
i

VARjA8LE

3.109500E*05 1.*53757E-04 IEE 80 6
'

-1.403680E-05 -5.849840E-03 CHAN 60PRES $URE"-

[3 VOID FRACTION 1.692486E-04 TEE f5 5

LIQUID VELOCliv -1.080896E-04
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