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ABSTRACT 

Steady state air-water tests were performed as part of the Semiscale Blowdown and 
Emergency Core Cooling (ECC) Project to investigate downcomer countercurrent flow and 
downcomer bypass flow phenomena. These tests were performed in a plexiglass represen- 
tation of the Semiscale pressure vessel which allowed changes to be made in the geometry of 
the upper annulus and downcomer for the purpose of investigating the sensitivity of 
downcomer and bypass flow to  changes in system geometry. Tests were also performed to  
investigate the effects of two-phase inlet flows and different initial system pressures on 
countercurrent and bypass flow. 

-Results for each test are presented in the form of computer printout of the 
measurements and of a summary of the pertinent calculated flow rates, pressures, and 
dimensionless volumetric fluxes. Descriptions of the test faciiity, instrumentation, operating 
procedures, and test conditions are also presented. An error analysis is presented to identify 
maximum and probable errors for selected volumetric flux calculations. 



SUMMARY 

Steady state air-water countercurrent flow ind bypass flow tests were performed as 
part of the Semiscale Blowdown and Emergency Core Cooling (ECC) Project. These tests 
were the initial part of a more extensive experimental program conducted to investigate 
countercurrent flow and other ECC related phenomena in the Semiscale geometry. The 
objectives of these initial tests, reported herein, were to: 

(1) Investigate the countercurrent flow phenomena that occur in an annulus with 
dimensions similar to the Semiscale downcomcr to detemline whether common- 
ly used countercurrent flow correlations describe the effect of the counter- 
current air flow o n  the delivery of water (ECC) to the lower plenum. 

(2) Investigate -the relationship between flow bypassing the downcomer and 
countercurrent flow in the downcomer. 

(3) Investigate the effect on countercurrent flow and bypass flow of changing the 
geometry of the upper annulus. 

(4) Investigate the effect on countercurrent flow of changing the downcomer length 
by changing the length of the core barrel. 

(5) Investigate the effect on countercurrent and bypass flow of a two-phase 
air-water mixture entering the vessel rather than water only. 

(6) Establish a relationship between the countercurrent flow tests in the transparent 
vessel and the metal Semiscale vessel. 

These objectives were fulfilled using the data from the reported tests. The data provided 
information which aided in understanding the results from steam-water countercurrent flow 
tests performed in the metal Semiscale vessel. 

The tests described were performed in a transparent plexiglass vessel with dimensions 
and internal parts similar to those of the Semiscale pressure vessel. The vessel was designed 
to  facilitate geometric changes in the downcomer and upper annulus regions. The vessel was 
connected to  air and water supply systems and to  a drain system for the water. Volumetric 
flow, pressure, and temperature instrumentation and weigh tanks were used to measure the 
system parameters of interest. 

This report presents the experimental data from the tests performed in the transparent 
vessel test program and provides the supportive information necessary to make the data 
usable. Results for each test are presented in the form of computer printout of the 
measurements and of a summary of the pertinent calculated flow rates, pressures, and 

,dimensionless volumetric fluxes. An error analysis is presented to  identify maximum and 
probable errors for selected volumetric flux calculations. 
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EXPERIMENT DATA REPORT 
FOR SEMISCALE TRANSPARENT VESSEL 

COUNTERCURRENT FLOW TESTS 

I. INTRODUCTION 

.Steady state air-water tests were performed in a transparent vessel to investigate 
downcomer countercurrent flow and downcomer bypass flow phenomena. These tests are 
part of an exte~~sive experimental program conducted by Aerojet Nuclear Company to 
investigate countercurrent flow and emergency core coolant (ECC) related phenomena in 
the Semiscale geometry. The results from this experimental program are part of the Nuclear 
Regulatory Commission (NRC) data base which is used for evaluating the adequacy and 
improving the predictive capability of analytical models developed to  predict system 
response during a lossaf-coolant accident (LOCA). In addition, the countercurrent flow 
data fro111 the Semiscale geometry are also valuable for comparison with countercurrent 
flow data from similar investigations in larger geometries to  aid in evaluating the effects of 
physical scale. 

The experimental program conducted to  investigate countercurrent flow and ECC 
related phenomena was made up of three different test programs which were coordinated to 
provide initially a basic understanding of certain ECC related phenomena and then to 
investigate progressively these phenomena as well as other ECC related phenomena in 
greater detail. The transparent vessel tests, which are reported herein, were conducted 
initially to  investigate countercurrent flow and flow bypass phenomena in a Semiscale-sized 
downcomer and to determine whether these phenomena could be described in terms of 
existing countercurrent flow correlations. Air and water were used as the fluids for the 
transparent vessel tests because existing correlations were based on data limited almost 
exclusively to  these fluids. The Semiscale system countercurrent flow tests[' 1 were 
subsequently conducted to  investigate steady state and transient countercurrent flow 
phenomena in a steam-water medium in which condensation and evaporation could affect 
the countercurrent flow phenomena. The concluding test program, the isothermal system 
test program[2-91, was conducted to  investigate transient ECC related phenomena and the 
interaction between these phenomena as well as the phenomena that occur during the 
blowdown portion of a simulated LOCA. 

The transparent vessel test program was initiated when a literature search indicated 
that the majority of the countercurrent flow data was limited t o  data taken in small 

, diameter tubes or packed beds with inlet geometries that distribute the flow uniformly 
around the top of the test section. Since the Semiscale vessel downcomer region is annular 
with a much larger diameter than most tubes tested and with an inlet geometry which would 
not necessarily distribute the fluid uniformly around the .annulus, the applicability of prior 
countercurrent flow data to  the Semiscale downcomer was uncertain. Therefore, a test 
program was conducted t o  supply countercurrent flow test data in a geometry similar t o  the 
Semiscale vessel. The objectives of the transparent vessel tests were to: 



(1) Investigate the countercurrent flow phenomena that occur in an annulus 
with dimensions similar to the Semiscale downcomer to  determine 
whether commonly used countercurrent flow correlations describe the 
effect of the countercurrent air flow on the delivery of water (ECC) to  
the lower plenum. 

(2) Investigate the relationship between flow bypassing the downcomer and 
countercurrent flow in the downcomer. 

(3) Investigate the effect on countercurrent flow and bypass flow of changing 
the geometry of the upper annulus. 

(4) Investigate 'the effect on countercurrent flow of changing the downcomer 
length by changing the length of the core barrel. 

(5) Investigate the effect on countercurrent and bypass flow of a two-phase 
air-water mixture entering the vessel rather than water only. 

(6) Establish a relationship between the countercurrent flow tests in the 
transparent vessel and the metal Semiscale vessel. 

In addition t o  the tests performed to  meet the outlined objectives, a limited 
number of tests were performed t o  investigate the effect on countercurrent flow of 
specialized system geometries. Table I summarizes the tests performed during the 
transparent vessel test program to  meet the objectives outlined. The data presenta- 
tion table column lists the report table number of Section IV in which the data are 
presented. Comments on the test groups are included t o  aid the reader in locating 
test groups of interest. 

The intent of this document is to  present the experimental data from the 
transparent vessel test program and t o  provide the necessary supportive information 
to  make those data usable. Section I1 of the report provides a description of the 
experimental apparatus and instrumentation. Section I11 describes the test procedures 
and the data acquisition process. A complete listing of all collected data is presented 
in Section IV. 



TABLE I 

TRANSPARENT VESSEL COUNTERCURRENT FLOW TESTS 

Downcomer Lower Plenum Cold Leg Data 
Test Radial Pressure Air Flow Presentation 
Group Gap(in.) (psig)' (sCfm) Table Cments 

BASELINE COUNTERCURRENT now TESTS 
- - 

1.1 0.35 10 0 IV 
1.2 0.35 30 0 V 
2.1 0.37 7.3 0 VI 
2.2 0.37 9 0 VII - 
2.3 0.37 30 0 VIII 
4.1 0.49 7.3 0 IX 
4.2 0.49 30 0 X 
5.1 0.53 10 0 XI 
6.1 0.63 10 0 XI1 
7.1 0.70 10 0 XI11 
9.1 1.58 ~ 1 0  0 XIV 

BYPASS FLOW TESTS 

5.5 0.53 0, 10 20-160 
5.7 0.53 0 0-100 
5.12 0.53 0 0-200 
5.15 0.53 0 0-200 
9.5 . 1.58 o ioo-165 

MODIFIED UPPER ANNULUS GEOMETRY TESTS 

5.4 6.53 10 0 
5.8 0.53 10 0 
5.10 0.53 10 0 - 
5.13 0.53 10 0 
6.2' 0.63 10 0 
9.2 1.58 10 0 
9.6 1.58 10 0 

SHORTENED CORE BARREL TESTS 

3.1 0.40 10 0 
4.4 0.49 10 0 
4.5 0.49 10 0 
4.6 0.49 10 0 
8.1 1.45 lo , 0 

TWO-PHASE COLD LEG MIXTURE TESTS 

XV 
XVI 
XVII 
XVIII 
XIX 

XX 
XXI 
XXII 
XXIII 
XXIV 
XXV 
XXVI 

XXVII 
XXVIII 
XXIX 
XXX 
XXXI 

COMBINED EFFECTS TESTS 

SPECIAL TESTS 

XXXVII 
XXXVIII 
XXXIX 
XL 
XL I 
XLII 
XLIII 
XL IV 
XLV 
XLVI 

XLV I I 
XLVIII 
XLIX 
L 
LI 
LII 

Hot leg s~ulators removed 
Extended upper annulus 
Nozzle inserts removed 

Filler piece lowered 
Hot leg simulators removed 
Extended upper annulus 
Nozzle inserts removed . 

Filler piece lowered 
Nozzle inserts removed 
Hot leg simulators removed 

d own comer length 6 in. 
Downcomer length 34 in. 
Downcomer length 24 in. 
Downcomer length 6 in. 
Downcomer length 12 in. 

Downcomer length 6 in. , 

Downcomer length 34. in.; filler lowered 
Downcomer length 6 in. 
Downcomer length 6 in.; hot leg simulator removed 
Downcomer length 6 in.; hot leg simulator removed 
,~6t leg simulator removed 
Extended upper annulus 
Nozzle inserts removed 
Nozzle inserts removed 
Hot leg simulator removed 

One-dimensional inlet 
Increasing air flow at constant water flow 
Decreasing air flow at constant water flow 
Double annulus 
Longitudinal flow restrictors' 
Shortened longitudinal flow restrictora 



a. E~PERIMENTRL SYSTEM AND INSTRUMENTATION 

The transparent vessel experimental system consists of a transparent pressure vessel 
connected to  an air and water supply system and t o  a drain system for the water. Two 
different air and water supply systems were used during the test program; a low air capacity 
system was used initially and a high air capacity system was used for subsequent tests. 

The system instrumentation used to  monitor the test conditions included flow, 
pressure, and temperature measuring devices. 

1. EXPERIMENTAL SYSTEM 

The pressure vessel is shown in the normal operating configuration in Figure 1 along 
with the nomenclature used to identify the different parts of the vessel. The pressure vessel 
was designed so that the core barrels and filler pieces could be changed to obtain different 
downcomer gap widths. Table I1 lists the radial downcomer gap widths as a function of the 
core barrel outside diameter (OD) and the filler piece inside diameter (ID). Since the inside 
diameter of the vessel is 8.4 inches, gaps using Filler D in Table I1 do not actually 
incorporate a filler piece. The effective length of the downcomer was varied by shortening 
the length of the core barrel. The upper annulus region is also designed to  allow a change to 
be made in the diameter of the inlet pipe by removal of the nozzle liner and to  allow 
changes to be made in the flow area of the upper annulus by removal of the hot leg 
simulators or by extension upward of the baffle. 

The exterior portion of the transparent vessel is constructed of three sections of 
plexiglass tube each with an ID of 8.4 inches and an OD of 9.25 inches. The uppermost 
section of the vessel includes the nozzles for the cold leg inlet and the cold leg outlet which 
attach to the water supply system and the cold leg outlet drain system, respectively. Water 
or a two-phase air-water mixture enters the vessel through the cold leg inlet. All of the air 
that is forced into the vessel plus any water that bypasses the downcomer exits the. vessel 
through the cold leg vessel outlet. The middle section of the vessel spans most of the 
distance of the downcomer, and the bottom section of the vessel, in conjunction with the 
lower head, fontis the lower plenum region of the vessel. The lower head contains a 3-inch 
drain for removal of the water that falls down the downcomer and into the lower plenum. 

Three different plexiglass filler pieces were designed. to change the downcomer 
dimensions by reducing the inside diameter of the vessel. The inside diameters of these filler 
pieces, which are the outside diameters of the corresponding downcomer, are listed in 
Table 11. A somewhat different upper annulus geometry existed during tests with a filler 
piece installed than during tests with no filler piece. When a filler piece is installed to form 
the downcomer gap, a step occurs and reduces the flow area at the transition between the 
upper annulus and the downcomer. This step is 1.05 inches for Filler Piece A, 0.96 inch for 
Filler Piece B, and 0.34 inch for Filler Piece C. When the vessel wall, rather than one of the 



Fig. 1 Trarrspmnt vessel and Internals. 



TABLE I1 

POSSIBLE DOWNCOMER GAP' GEOMETRIES FOR TRANSPARENT VESSEL TESTS 

Annular gap (in.) 
2 Annulus flow area (in. ) 

Core Barrel Dimensions 

Outside ~ssociated 
Dime ter Cross-Sectional 
(in.) Area (in.23 

1 5.24 21.55' 

2 5.51 23.81 

3 7.00 38.50 

4 7.69 46.49 

Filler Piece Dimensions 

Inside Associated 
Diameter Crdss-Sectional 
(in. ) Area (in.2) 

A 6; 30 31.12 

B 6.49 33.08 

C 7.73 46.98 

D 8.40 55.42 

filler pieces, is used to  form the downcomer, no step occurs and the upper annulus and 
downcomer have the 'same flow area. Leakage of air and water between the filler piece and 
the vessel wall is prohibited by an O-ring seal at the top and bottom of the filler piece. The 
groove in the vessel which holds the O-ring seal in place was filled flush with the vessel 
surface for all tests in which a filler piece was not installed. 

Four different aluminum core barrels were designed to allow changes to  be made in 
the dimensions of the downcomer gap. The outside diameters of these core barrels, which 
form the inside diameters of the downcomer, are listed in Table 11. The outer surface of 
each core barrel is anodized a blue color to enhance the clarity of visual and photographic 
observations of two-phase flow patterns in the downcomer region. 



The nozzle at the top of the core barrel is used to attach the core barrel to  the air 
supply system. Air that enters the pressure vessel through the core barrel is forced to flow 
down through the core barrel, up the downcomer, and from the vessel through the vessel 
cold leg outlet. A multiholed plate is attached to the bottom of the core to  decrease the 
flow area to a value that is similar to  the flow area at thc bottom of thc Scmiscale core. 

A baffle ring attached near the top of the core barrel is used to simulate the seal ring 
which separates the upper annulus and upper plenum regions in the Semiscale vessel. Also 
attached to the core barrel in the upper annulus region are obstructions which have 
dimensions similar t o  those of the hot leg nozzles simulated in the Semiscale system. These 
hot leg simulators can be either removed completely or removed and placed at a lower 
position on the core barrel for tests with special upper annulus geometry configurations. 
These simulators are located such that their center1ine.i~ in the same axial plane as the 
centerline of the cold leg and vessel outlet nozzles., 

Two different fixtures were designed so that geometry changes can be made in the 
- upper annulus region of the pressure vessel. A 10-inch-long cylindrical plexiglass section 

with the same inside diameter as the vessel is designed to set directly on top of the vessel to 
act as a vessel extension. This section raises the core barrel and effectively increases the 
height of the upper annulus region. When this section is used, the hot leg simulators are 
removed from their normal position on the core barrel and moved down to a position where 
their centerline matches the centerline of the cold leg and bypass leg. 

The seco'nd fixture is designed to  replace the entire upper section of the vessel 
including the cold leg vessel hilet and outlet nozzles. This fixture, shown in Figure 2, is used 
to distribute the water uniformly around the top of the downcomer and to induce flow 
parallel to  the downcomer axis. The perforated plate provides an even distribution of the 
incoming water, and the weir-type entrance to  the downcomer induces the initial water flow 
to  be parallel to  the downcomer axis. 

Two different air and water supply systems were used during the course of the 
transparent vessel tests. The initial system, shown in Figure 3 ,  was designed for relatively 
low air flow rates and was used for performing tests with downcomer gap sizes of 0.70 inch 
or smaller. The subsequent system, shown in Figure 4, was designed for much larger air 
flows and was used for performing tests with both large and small downcomer gap sizes. For 
both systems, air was supplied from multistage compressors, and water was supplied from 
the building water supply system. The drain system from the lower plenum and the vessel 
cold leg outlet remained the same for all tests. 

2. SYSTEM INSTRUMENTATION 

Measurements of temperature, pressure, and volumetric flow were made by 
instrumentation located in the vessel throughout both the low capacity and the high 
capacity supply systems. A list of the instrumentation and a description of each detector is 



Fig. 2 Upper annulus uniform inlet flow distributor; 
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Fig. 3 Isometric diagram of the low capacity air flow system. 
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Fig. 4 Isometric diagram of the high capacity air flow system. 



included in Table 111. The maximum error includes instrumentation'error, signal conditioner 
error, and errors in reading the scales of the direct reading instrumentation. Figure 3 and 4 
show the detector locations for the low and high capacity systems, respectively. 

In addition to the instrumentation listed in Table 111, weigh tanks were. used in 
conjunction with a timing device to  measure the mass flow of water from the lower plenum ' 

and from the vessel cold leg outlet. The two-phase air-water mixture flowing from the cold 
leg outlet was separated by directing the mixture downward into a large weigh tank with 
sides that were sufficiently high to prevent water from being blown out of the tank. Lower 
plenum liquid level was measured using ruled indicators scribed on the plexiglass. This 
measurement was made from the bottom of the core barrel to the liquid surface. 

The measurements made for each test are presented in the section on data 
presentation (Section IV). Those instmments used for each test can be distinguished because 
the results are shown as nonzero values. An error analysis for typical tests is presented in 
Appendix A. The analysis has been restricted to  a consideration of the probable and the 
maximum errors that would exist for the parameters of the wallis[ lo] countercurrent flow 
correlation ,if the data were put into this form. The Wallis correlation was used for this error 

- 

analysis because it is a commonly used countercurrent flow correlation that was expected~to 
correlate the transparent vessel test data. 



TABLE I11 

Measurement 

Water flow 
(rotametera) 

RH-CW-1 

Location 
Measurement Range 
Minimum Uniaxlmum Maximum Error -- 

+2.3X of reading - 

Vessel cold leg  i n l e t  - 
Vessel cold leg  i n l e t  

Water f low 
( turbine  meters) 

Vessel cold leg  i n l e t  

Vesael cold leg  i n l e t  

40 650gpm 5 . 5  gpm ' 

3.7 60 - M.7 gpm 

+2.3% of rending - Air flow 
.(rotameters) 

RH-HG-1 Vessel core barre l  i n l e t  

Veeeel core ba r r e l  i n l e t  

Vessel core ba r r e l  i n l e t  

Vessel core b a r r e l  i n l e t  

Vessel cold l eg  i n l e t  

Vessel cold leg  i n l e t  

Air flow 
( turbine  meters) 

Vessel core ba r r e l  i n l e t  

Vessel core .barre l  i n l e t  

Vessel cold l eg  i n l e t  

25 320 cfm k3.2 cfm 

4 33 - M . 3  cfm 

25 320 - +3.2 cfm 

0 100 ps ig  5 . 7  ps ig  Pressure 

P-cw-1 Cold l eg  water l i n e  near vesse l  entrance 

Cold l eg  water l i n e  near vesse l  entrance 

Cold l eg  a i r  near turbine meters 

Cold leg  a i r  near rotameteta 

Air l i n e  near core ba r r e l  entrance 

Hot l eg  a i r  near turbine meters 

Hot l eg  a i r  near rotameters 

Lower plenum 

Barometric preaaure 

Temperature 

TP-CW-1 Cold l eg  water l i n e  near vesse l  entrance 

Cold l eg  a i r  near turbine  meters 

cold l eg  a i r  near rotameters 

Air l i n e  near core b a r r e l  entrance 

Hot l eg  a i r  near turbine  meters 

Hot l eg  a i r  near rotameters 

Lover plenum 

TF-HG-I 

TF-LP-I 

[ a ]  The range and maximum e r ro r  g iven.a t  the  beginning of a measurement category apply t o  a l l  measurements v i t h i n  
t ha t  category. 

. [b] L i s . f o r  the  low flow capacity system and H i s  f o r  the high flow capacity system. 



UJ. TEST PROCEDUR,ES 

The experimental system was used to obtain data for several different types of tests 
including countercurrent flow tests, bypass flow tests, and a number of tests with 
specialized objectives. The test procedures for the countercurrent flow tests and the bypass 
flow tests were different and, therefore, a separate discussion for these two types of tests 
follows. Some of the test procedures for the specialized tests were different from the other 
test procedures. However, these procedures apply to a limited number of tests and, 
therefore, are includcd in the dcscription of the tcst groups documcntcd in Scction IV. 

The paths of the air and water flowing in the transparent vessel are shown in Figure 5. 
Either water or  an air-water mixture entered the transparent vessel through the vessel cold 
leg inlet nozzle. In either case, the entering water flowed either down the downcomer t o  the 
lower plenum or around the core barrel and out the cold leg vessel outlet. The air from the 
air-water mixture flowed around the core barrel and out the vessel cold leg outlet. Water 
reaching the lower plenum was removed at a rate consistent with maintaining a constant 
water level. Air entered the vessel through the top of the core barrel, flowed downward , 

through the core barrel to  the lower plenum, and then upward through the downcomer 
formed by the core barrel and the vessel wall or  filler piece. Air could leave the vessel only 
through the vessel cold leg outlet because the only other outlet from the vessel, through the 
lower plenum, was sealed by the water collected therein. 

Prior to  the conduction of any countercurrent or  flow bypass tests, several 
preliminary tests were conducted to establish a lower plenum liquid level that was far 
enough below the core barrel that no entrainment of lower plenum liquid occurred. These 
tests were accomplished by filling the lower plenum to  a level above the bottom of the core 
barrel and then establishing a large air flow rate down through the core barrel. The air flow 
was continued until the lower plenum liquid level was stabilized. By using several different 
large air flows, a level was established below which lower plenum liquid entrainment would 
not occur. No formalized data were taken during these preliminary tests. 

The majority of the tests conducted in the transparent vessel had countercurrent flow 
in the downcomer. operational testing procedures for these countercurrent flow tests 
included the following steps: 

(1) The desired downcomer countercurrent air flow was established through the 
appropriate flow measuring device(s). 

(2) The cold leg water flow along with the cold leg air flow, when used, was 
established through'the appropriate flow measuring device(s). 

(3) A constant lower plenum water level was established and maintained by 
throttling the drain valve. Water drained from the lower plenum was diverted to  
the building drainage system whenever flow measurements were not being made. 
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Fig. 5 Air and water flow paths in the transparent vessel. 



(4) The selected system pressure was established by throttling the valve on the 
vessel cold leg outlet line. The water flowing through this line was also dumped 
into the building drainage system prior to'measurement. 

( 5 )  The flows were continuously adjusted until the desired steady state operating 
point was,established. 

( 6 )  Appropriate data were hand recorded from the flow, temperature, and pressure 
instrumentation. The flows from the lower plenum and the vessel outlet were 
measured by directing these flows into weigh, tanks for a measured period of 
time. 

Several of the initial countercurrent flow tests were conducted with Steps 1 and 2 reversed 
to  determine whether the order in which air and water flows were established influenced the 
countercurrent flow results. Since the order of establishment did not significantly influence 
the results, the listed procedure was used for the bulk of the countercurrent flow tests. 

A limited number of bypass flow tests were performed to  determine, in the absence of 
countercurrent air flow, the maximum cold leg water and air flow rates below which no , 

bypass flow would occur. The operational test procedure for these bypass flow tests 
included the following steps: 

(1) The desired air flow in the cold leg was established for those tests in which cold 
air flow was used. 

(2)  The water flow in the cold leg was increased slowly until water began to flow 
out the vessel~cold leg outlet. All bypass tests were conducted at or  above this 
'water flow rate. 

(3') During tests in which cold leg air flow was used, the pressure in the system was 
adjusted to the desired value by establishing a lower plenum liquid level and 
subsequently throttling the valvein the vessel outlet line. 

(4) Appropriate data were recorded from flow, temperature, and pressure 
instrumentation. The flows from the lower plenum and the vessel outlet were 
measured by directing these flows into weigh tanks for a measured period of 
time. 



IV. TEST DATA PRESENTATION 

:The transparent vessel tests have been categorized into test groups according to the 
purposes of the tests and the system geometry. The test data for each group of tests have 
been organized into a series of tables for the purpose of data presentation. Correspondence 
between the test groups and the tables containing the data was shown in Table I. 

Each data table contains a summary page listing pertinent variables calculated from 
the experimental data. Following this summary page are up to  four sets of tabulated 
experimental data. The first set contains air and water volumetric flow measurements, and 
the second set contains pressure and temperature measurements associated with the flow 
measurements. The thud set of data contains the weigh tank measurements for the lower 
plenum and vessel cold leg bypass as well as lower plenum pressure, liquid level, and 
temperature measurements. The barometric pressure is also included in this set of 
measurements:The fourth data set contains flow, pressure, and temperature measurements 
associated with air flow in the cold leg. This fourth data set is not included in the tables for 
tests which did not have air flow in the cold leg. 

A brief description of the variables included on the summary page is provided to  make 
those variables usable for further calculations. The downcomer air flow was obtained by 
summing the mass flow rates calculated at each separate air flow measurement in the core 
barrel air supply. The mass flow at each meter was calculated using the measured volumetric 
flow, and a density which was calculated using the perfect gas law with pressure and 
temperature measurements located near the volumetric flow measurement. .At  location^ 
where a significant pressure drop occurred between the flow and pressure measurements, the 
pressure at the flow measurement location was determined by subtracting the pressure drop 
calculated to occur between the flow and pressure instrumentation from the measured 
pressure. The process of calculating mass flow using a pressure and a pressure drop was 
iterative because the magnitude of the pressure drop was influenced by the mass flow which 
in turn was influenced through a density change by the magnitude of the pressure drop. The 
cold leg air flow was calculated similarly using the cold leg flow, temperature, and pressure 
measurements. The downcomer air density was calculated using the perfect gas law with 
pressure and temperature measurements in the lower plenum. 

Downcomer water flow was calculated from the measurement of the mass being 
drained from the lower plenum. Water flow continuity was obtained by adding the 
calculated water mass flow from the lower plenum to  the calculated water mass flow leaving 
the vessel through the vessel cold leg outlet and dividing this sum by the measured water 
mass flow into the vessel. This ratio can be used as an indicator of the exactness of the water 
mass balance. Even though the water mass balance may not be exact, the lower plenum mass 
flow used in the countercurrent flow calculations may be valid. The vessel inlet water flow 
was calculated using the water.volumetric flow measurements and a fluid density of 62.4 
lbm/ft3. 



The parameters J-air downcomer and J-water downcomer are, respectively, the 
superficial velocities of the air and the water in the downcomer. The superficial air velocity 
was calculated by dividing the downcomer air flow by the downcomer air density and the 
total flow area of the downcomer, and the water superficial velocity was calculated similarly 

3 using a water density of 62.4 lbm/ft . 

The last two columns of the summary page contain parameters from the wallis[ ''1 
countercurrent flow correlation. The parameters for the Wallis countercurrent flow 
correlation are presented because this correlation is universally accepted as providing good 
correlation of countercurrent flow data. The form of the Wallis correlation 

where 

and 

Jg = superficial gas velocity 

J 1 = superficial liquid velocity 

D = downcomer hydraulic diameter 

Pg = gas density 

P 1, = liquid density 

g = gravitational constant 

allows countercurrent flow data to be presented as a straight line with slope m and ordinate 
intercept C. 

A brief description of the test classifications, shown in Table I and certain of the test 
groups, is provided in the following paragraphs to aid in understanding the test data. Test 
groups were conducted with different radial downcomer gap widths in each different test 
classification to provide data for a range of downcomer geometries. 



1. BASELINE COUNTERCURRENT FLOW TESTS . 

The baseline countercurrent flow tests were performed to investigate countercurrent 
phenomena in an annulus with dimensions and an inlet geometry similar to  those of the 
Semiscale downcomer. The main objective of these tests was to  provide data that could be 
used to  determine whether commonly used countercurrent flow correlations are applicable 
to  a downcomer the size of the Semiscale downcomer. Results from these baseline tests are 
presented in Tables IV through XIV. 

During the early tests in which the smaller size downcomer gaps were used, several 
different cold leg water flow rates were used for each downcomer air flow rate. The results 
from these early tests showed that the amount of water reaching the lower plenum was 
relatively insensitive to  the amount of water entering the vessel from the cold leg at high and 
intermediate downcomer air flows. However, at very low downcomer air flow rates, the 
results of the early tests showed that an increase in the inlcl water flow would usually result 
in an increase in delivery to  the lower plenum indicating some sensitivity in the amount of 
water reaching the lower plenum to  the vessel inlet (cold leg) water flow. Usually, some 
maximum inlet water flow occurred above which no increase in lower plenum delivery rate 
was observed for an increase in the inlet flow, and a minimum inlet flow occurred below 
which all the water fell to  the lower plenum. The difference between the maximum and 
minimum delivery rates to  the lower plenum increased rapidly as the air flow approached 
zero. 

Tests performed with the larger downcomer gap sizes, especially with the 1.58-inch 
downcomer gap, showed that the amount of water reaching the lower plenum was sensitive 
to the inlet water flow rate even at relatively high downcomer air flow rates. The difference 
in vessel inlet water flow was large between the minimum flow for which all inlet flow fell 
to the lower plenum and the maximum flow for which delivery to the lower plenum was no 
longer sensitive to an increase in the inlet flow rate. 

Several different groups of tests were conducted with different lower .plenum 
pressures. The purpose of' these tests was to provide data that could be used t o  check the 
sensitivity of the countercurrent flow correlations to changes in the operating pressure. 

2. BYPASS FLOW TESTS 

The objectives of the bypass flow tests were to  determine, in the absence of 
countercurrent air flow, the minimum cold leg flow above which flow would bypass the 
downcomer .and leave the vessel through the vessel cold leg outlet and to  investigate the 
relationship between the amount of flow that bypassed for different cold leg flcws above 
the minimum: The results from these tests are presented in Tables XV through XIX. Bypass 
flow tests were conducted using both single- and two-phase cold leg flows so that the results 
from both types of tests could be compared to  determine the effect of a two-phase cold leg 



TABLE. I V  

BASELINE COUNTERCURRENT FLOW TEST GROUP 1.1 

TR4iJSPAPFNT VESSEL TEST D A T 4  FOR T E S T S  1 . l . i  T 9  1 . 1 . 3 6  -- 3.35-1!1. I)llid!C.OMEK GAP 

SUMMARY OF C A L C i l L A T E 9  P.?SUL?S 

T E S T  D lWNCOYER UIIWNCO'IEI! LOW% PLEN!JH COLD L E G  OO:4FiC.I;'4EP. MATFH F L!ld J -A1  F. J-I,IATFR 
N O  A I R  FLOW A l k  OEI IS17Y  PHESSIJPE A  19 F Lr)l,I W I r E P  F L C H  CI?FITI.Y'JIT'Y DOWIICIYEV. D'l:itIC!IYER 

( L B / S E C I  ( L U / F T Q * 3 1  ( P S I A I  ( L O / S F C l  ( L B / S E C I  ( F T / S E C I  ( F T / S ' C l  



TABLE I V  (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 1;1 

EXPERIMLNTAL MEASUP.MENTS FOR TESTS 1.1.1 TO 1.1.36 -- 0.35-IN. DOWNCOMER C A ?  

TEST RM-cm-1 RE!-CW-2 FT-CW-1 FT-CU-2 RM-HG-1 KM-HG-2 RM-liC-3 HM-IIS-4 FT-hG-1 FT-HC-2 
NO {GPMI (GPM) I GPM.9 (GPYI (CF!!) ICFMI (CF!4) (CFYI  (CF'i) (CFM.) 

1.1.26 2d.0 0.0 3.2 3.0 3 . 0  60.00 J.U 9. 3 :J - 0  3 . 'J 
1.1.17 23. U 10.0 U. 0 0 . 0 0.0 00. 00 J. 0 0. rj 0.0 J . 3  
1.1.28 J. 0 1O.U 0.3 0.0 0 .O 60.00 0.0 (I. 3 0.0 3.0 
1.1.29 0.a 5.0 0.0 J. i) 9.0 GO. 3 0  0 ..3 'J . 0 0.0 J.0 
1.1.33 3.3.0 13.0 0.0 0.3 0.0 4 3  • I> 0 J.0 0. 0 0.0 J. 3 



TABLE I V  ( C o n t d . )  

BASELINE COUNTERCURRENT 'FLOW TEST GROUP 1.1 

E X P E R I H E N T A L  !IEASURMEI.lTS F O R  T E S T S  1.1.1 T O  1 - 1 - 3 6  -- 0 . 3 5 - I N .  !JUW;JCOMER G A P  

T E S T  P-CW-1 P-C W-2 P - H G - 1  P-HG-2 P - H G - 3  T F - C ' d - 1  T F - t i t i - 1  . TF-H;-2 TF-kI!i-3 P - R I K ?  
NC I P S l C J  l P S  1  G I  I P S I  G I  I P S l G )  ( P S I G )  I O E C  F I  I O E C  F I  1 0 E G  F l  1 9 E C  F )  I P S I A I  



TABLE IV ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 1.1 

EXPERINENTAL'YEASURHENTS FOR TESTS 1.1.1 TO 1.1.36 -- 0.35-IY. DOWNCOMER CAP 

LOWEP. PLENUV FLOW BYPASS FLOW ............................... ------------------------------- LilHER 
T E S.T I N I T I A L  FINAL TIMECIF I Y I T I A L  F INAL TIYE OF PLENUM P-LP-1 TF-LP-1 

rr o WE I GHT HEIGHT COLLECTION WEIGHT HEIGHT COLLECTION LEVEL (PSIG) (DEG FI 
( L E I  (,L 01 ( SEC I ( L B )  ( L B )  (SECI ( I L I )  

1.1.21 155.0 162.0 to. 0 523.0 612.5 34.3 12..J 10.3 64.9 
1.1.22 133.0 139.8 60.U 87.1) 125.5 Z0.3 12.3 10.9 h1.0 
1.1.23 137.0 147.8 60.0 125.5 144.0 45.0 12.0 10.0 61.0 
1.1.24 133.3 162.3 60.3 89. 0 193.0 2 U . 0 12.3 13.0 59.0 
1.1.15 162.3 184.5 60.0 190.0 206.8 20.3 12.0 10.0 58.3 



TABLE V 

BASELINE COUNTERCURRENT FLOW TEST GROUP 1 . 2  

TRANSPAREYT VESSEL TEST DATA FOR T E S T S  1 .2 .1  TO 1.2.34 -- 0.35-I:(., OO'dNCOMER GbP 

S'JM4AP.Y OF CALCULATED RESULTS 

T E S T  DOHNCOMER DOWNCOMER LOWER PLENllM COLD L E G  DOWNCOMER WATER FLilW J - A I R  
NO A I R  FLLIW. A I R  W i 4 S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U Z l Y  DOWNCOMER 

(LBISEC) ( c B / F ~ * * ~ )  ( Y S I A )  [LOISEC) [ L B / S E C I  IFT /SEC)  

J-WATER 
DOWNCOMER 
( F T / S E C l  



TABLE V (Contd .) 

BASELINE COUNTERCURRENT FLOW. TEST GROUP. 1 . 2  

EXPERI#ENTAL WEASURMENTS FOR TESTS 1.2.1 TO 1.2.34 --. 0.35-IN. OOJNCOWER CAP 

TEST RW-CW-1 RM-CW-2 FT-CW-1 FT-CW-2 RN-IIC-1 RW-HG-2 RW-HG-3 
NO. (CPHI (CPM) L GPMI (GPWI (CFMI  (CFM)  I C P ~ I  

FT-HG- 1 
(CFMI 



TABLE V' ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 1 . 2  

EXPERIYE?lTAL HEASURMENTS FOR TESTS 1.2.1 1 9 1 . 2 . 3 4  -- 5 .35 - IN .  UOWNCOSEW CAP 

TEST P-CH-1 P-CW-2 P-HG-1 P-W,-2 P-HG-3 TF-CH-1 TF-HG-1 
t4 0 I P S I G I  I P S I G J  I P S I G J .  I P S I G J  ( P S I G J  I O E G  F J  I O E G  F J  



TABLE V (Contd. ) 

EXPERINENTAL MEASURMENTS FnR TESTS 1.2.1 TO 1.2 .34 -- 10.35-IN. DOWNCOWER GAD 

TEST 
NO 

LOWER PLENUM FLOW -------- ----------------------- 
I N I T I A L  F I N A L  TIME OF 
WE ICHT UE1 CtIT COLLECTION 

( L O )  i L 8 l  (SECJ 

253.8 396.8 30.0 
396 .8  507.5 30.0. 
243.5 340.3  30 .3  
340.3 413.3  31.0 
136.3 214.5 35 .O 

214.5  293.3  35.0  
293.3  361.3 30.0 
361.3 398.8 40.0 
344.0  391 .8  45.0  
133.0 194.0  60 .3  

------- 
I N I T I A L  
UE !GHT 
i L B I  

b v r ~ s s  F L O ~  ........................ 
FINAL ~ I M E  OF 
WE IGtIT COLLECTION 

i L 8 1  ( S E C I  

LQYER 
PLENUM 
LF VEL 
i I N )  



TABLE V I  

BASELINE COUNTERCURRENT FLOW TEST GROUP 2 . 1  
- ~ 

TF .4NSPAFENT V E S Z E L  T E S T  D A T A  FUR T E S T S  2 . 1 . 1  TO 2 .1 .  3 - -  0. 3 7 - . l i ~ .  7OAt\lCOYE% GAP 

SUNflARY 3 F  C A L C U L A T E D  KESWLTS 

T f  S T  i37WNCO:UIER DOiJNC!.)fME LOWER P L E N U M  CCL3 L E G  .30WIlC',IM'EF. blr..TEil FLil:.4 J-41 P J . - :dATE: I t  ( J:;* )~+L/: !  ( J L * ) * * 1 / 2  
N O  S I R  F L 3 W  A I R  D E i d S I T Y  P7ESSUP,E A I R  F L O N  WATER FLl l i4  Cf ; : IT I ' . IzJ I rY 334:JT?:IFQ ~!?H;~4~3*4FF, . 

I L B / S E C )  ( L U / E T * * 3  ) ( P I 1  A )  ( L B / S E C )  I L 3 / S E C  1 ( F T I S E C J  ( F T / S E C J  



TABLE V I  (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST-GROUP 2 . 1  

E X P E R I M E N T A L  rMEASURMENTS F O R  T E S T S  2.1.1 T O  2.1. 3 -- 0.37-IN. DOWNCOMER G A P  

T E S T  R M - C + ~  RM-CU-2 FT-CW-1 FT-CW-2 RM-HG-1 RM-HG-2 RM-HG-3 R.Y-HG-4 FT-HG-1  FT-HG-2 
NO (GPM)  I G P M )  ( GPM) (GPM)  I C F M I  I C F M )  ( C F Y  I I C F Y )  ( C F M I  I C F Y  

T E S T  P-CH-1 P-CW-2 P -HG-1 P-HG-2 P- t lG-3  TF-CW- 1 TF-tiS-1 T F !  TF- t i t i - 3  , P - B ' ~ Q ~  
14 0 ( P S I G I  ( P S I G I  ( P S I G I  ( P S I G I  ( PS IG) ( D E G  F) (UEG F 1  (OF5  F1 (9CG F )  ( PS I 'A 

f E S T  
r~ n 

LOWER PLENd'4 F L U H  ---- ........................... 
I N I T I A L  F I F I 4 L  T I Y E  C)F 
VIE I G t l T  !.IEIGWT C O L L E C T  I C N  

( L . 3 1  ( L Y )  ( S E C )  

B Y P A S S  F L O N  ............................... 
IPIIT~AL F IFJAL I'I~IE r l ~  
WE IGt1T W E :  GHT C ' 3 C C E S T I O N  

( L B I  ( L H )  ( S E C J  

L'I;dCP. 
PLE'I!J!4 . P - L P - 1  T F - L P - 1  
LEVEI .  ( ? S ! S )  (DE5 F )  

t I N )  

T E S T  Rf4 - C C - 1  P:4-CC-2 F T - C G - 1  P-CG- 1 p.-<G-2 ~ F - C C ; - ~  TF -CG-2  
f.ll.1 I C F ! 4 )  (C ,  F r l )  ( C F M )  ( P S I ( ; )  [ P Z I G )  ' ( ! : e G  FI tr>E(; F J  



TABLE V I I  

BASELINE COUNTERCURRENT FLOW TEST GROUP 2 . 2  

TfiA1.ISDARENT \ 'ESSEL T E S T  UATA F3R T E S T S  2 . 2 . 1  TI: 2 . 2 . 4 7  -- 0 . 3 7 - 1 " 1  n : l 4 r l C r l Y i K ' G 4 P  

SiJ.YYAQY ,3F C I L C ! l L A T E 7  R E S U L T S  

'J. 1 5 4  
'J . 'J 't 

3 . 3 7 3  
0 . 1 3 1  
7 . 1 3 4  

' J . 5 2 9 '  
0.55J 
5 . 5 7 0  
0 .  LUL 
3.1'13 



SUHMARY'OF CALCIJLATEO R E S U L T S  FJ.9 T E S T S  2 . 2 . 1  T O  2 . 2 . 6 7  2- 0 . 3 7  I N .  n3kI:lC.I:IER cno  

T E S T  OOGNCO;IER C D W N C O I ~ E R  LO#'.R PLENUM COLD L E G  U O Y N C ~ ~ I ~ E ~  UATEQ FL*l lA J - i l k  J-'IATER I J.:*'J**IIz ( ' ~ ~ o l * ' n l l i !  
Y O  P I P .  F L 7 M  ALR D E N S I T Y  PRESSURE A I R  FLOW 4ATER F L I l Y  CCINT Ih l lJ ITY  00!i:lC!lIiEV. !3'13~C!lMEp. 

. I L W S E C I  , I L R / F T * * 3 ' 1  I P S 1  b )  I L O I S F C I  I L d l S E C )  IFT ISECI  I F ~ I S E C I  



TABLE V I I  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 2.2 

EYPEPl'lEIlTAL YFASURtlENTS FUQ TESTS 2.2.1 T(1 2.2.47 -- J.3/-1hl. 3:JUNCtIHkF C n P  

T E S T  
r4n 

RM-CW-I 
I G P M I  

3J.U 
30.0 
31.0 
35.0 
jJ.0 

33.0 
20.0 

,J . 0 
J.O 

30.3 

3J.O 
',S.iJ 

J. 3 
J.0 

3J.0 

3J.3 
39.0 
ZJ.0 

3 .  J 
J. 0 

3J.O 
3J.U 
LJ.0 
3J.0 
3J.0 

24.0 
3 J. 0 
32.0 
3J.O 
2tj.0 

23.0 
2'J.U 
12.0 
3J.U 
2J.0 

'J. J 
3.0 
3.3 
J.O 
J. 0 

R - d -  I 
I C F Y I  

70 00 
60.00 
63.50 
50. Oi) 
50.00 

50 . CI'J 
50 .OO 
50. 07 
SO. JU 

0.0 

0.0 
0.0 
0.0 
3.0 
0.J 

0.0 
0 .0 
0.0 
J.O 
0.5 

0.0 . 
0.0 
0.0 
0.0 
6.0 

0.0 
0.0 
0.0 
J . 'J 
0.0 

0.J 
U .0 
0 .o 
J.J 
0.0 

0.0 
0.0 
0.0 

03.00 
50.00 

0. ?. 0.0 
0.0 0.0 
'J. U .J . il 
0.0. 0.c 

.J. .> 0.3 
3.0 0.3 
0.9 3.0 
0 . 'J '3'. 0 
0.0 0. C 

!I. J 3.0 
3.0 9.3 
0.0 0.0 
! I . ?  ~3.0 
!I.(] 0.0 

0.(l . '1.0 
0.0 3.0 
UI J 0.0 
'1-0 9.113. 
0.0 i) .o 



TABLE V I I  ( C o n t d . )  

BASELINE C.OUNTERCURRE,W n0.W TES,? GROUP 2 .,2 , 

. .  . . >. . . , , . .*. .- 

E X P E R I ' 4 E N T A L  '4,EASURHENTS FOR T E S T S  Z.Z. , l  T O  2 . 2 . 4 7  7- C),.37?IN. 9O.UNCOMEP. C A P  

T E S T  RH-Cr(-1 Kt!-CV-2 F T - C W - I  FT-CW-2 I * - H G - 1  P.M-d$-2 .Pl4-MCJ:3 Rn-!i$-4 FT- t i? - I  F T - H G - 2  

h J f l  I tiP:41 I G P M I  ( GPMI  I G P H l  I C F H l  I C ' M I  ( .CFYI  .SCC31 . lCF*. l  l C F t ! l  

TEST 
NO 

p-MC-3 
I P S 1 5 1  

O.U 
U . 0  
0 . 0  
0 . 0  
0 . u  

J.J 
".I] 
0 . J 
3 .'J 
Li .J 

0.2 
0 . 0  
0.0 
ti. J 
0.b 

2 . 0  
0 . 0  
O .u  
2.i) 
0 . 0  

0;o 
0.0 
0.0 
0 . 0 .  
0 . 0  



TABLE V I I  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 2.2 

CXPF9l'lC:3TbL YEASURSENTS FOq TESTS 2.2.1 7 7  Z.2.47 -- 0.37-111. CiXl"lSLlr(E.7 G C ?  

LOWER PLENUM FLOW ------------------------------- 
I N I T I A L  FIPIAL TIME 9 F  
W5IGtiT ':IF: I.GHT COLLECT I C %  

(LO1 1 L Y l  I SEC) 

132.5 135.5 15.0 
135.5 146.5 75.0 
14b.5 156.3 95.0 
132.5 134.0 60.0 
134.0 142.5 60.3 

141.5 151.3 60. 0 
151.3 159.8 60.0 
15'4.0 171.5 77. J 
171.5 132.0 hU. 0 

.. IUL.0 201.5 60.0 

eYrt+ss FL!JW ------------------------------- 
I N I T I A L  F l N b L  TINE OF 

WE lGHT 'lF!C,HT COLLECT I!lN 
I L R )  I L 9 I  15551  

86.3 254.0 3O.a 
254.5 417.5 30.3 
*17.5 9'tl 9 3J.J 
82.1) Ihl,.O 15 .J  

166.') 530.0 30.3 

33 i .0  '+>2.  J JO.J '. 5 2 . 0 233.5 3 J. 0 
530.5 604.0 1,O.U 

'~0f.. 0 621.5 6J.u 
121.5 2HL.J 30.0 

1UI.0 JC!0. 3 l 0 . 3  
89. 5 1'12.8 4J.J 

190.3 256.0 b J  . 11 
Z5b.0 271.5 ' ,  bJ .J  
2'1 .5  417.3 3J.0 

9.3 
9.0 
'1.0 
3.0 
9.a  

'? . :I 
t ' l i , J  

9.0 
5 .'I . :> 

9.0 
'I. 3 
9.0 
9.0 
'1.7 

TF-LD-I 
InLG E l  



TABLE V I I  . (Contd. ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 2 . 2  

TEST 
NU 

EXPFRISENTAL HEASURMENTS FOP TESTS 2.2.1 TO 2.2.47 -* 0.37-IN. DOUNCOMER GAP 

LCWER PLENUM FLOW ......................... 
I N I T I A L  FIt IAL TIME OF 
ME IGHT JEIGHT COLLECTIOtJ 

I L S l  I L S I  (SECI 

318.3 371.0 60.5 
371.0 436.0 85.3 
436.0 403.3 63.0 
483.3 512.5 35.3 
512.5 555.0 50.0 

191.5 312.0 60.0 
312.0 404.3 45.0 
305.9 382.5 35.0 
382.5 475.5 6J .S  
348. 8 54h.5 65.5 

13.3 . J 3J7.8 b0.U 
2 ~ 1 . 3  4a3.s 50.0 
344.0 fe89.0 35.0 
38 1.5 i'50 . U 35.0 
347.3 337.5 33.0 

1, 3 .J. 'J 1.82 .O  40.0 
216.5 267.3 35.3 
267.3 ' 335.3 5U.J 
157.5 181.5 SO.?) 
181.5 211.0 60.0 

211.0 L'1L.8 63.'J 
242.8 275.8 60.3 
132.0 174.8 15.J 
174.0 IbC.0 55.0 
184.8 156.0 65.0 

-------. 
I N I T I A L  
WE IGtIT 

I L U I  

417.0 
572.5 
113.0 
791.5 
792.0 

329.0 
489.5 
561.5 
599.0 
444.0 

497.5 
SZ9 , 'J  
616.5 
461.5 
372.0 

595.3 
135.5 
2113. 11 
417.0 
583. J 

BYPASS FL'.IW ------------------ 
F l l lAL TIM!: UF 

COWER 
PLE'PJ'I 
LEVEL 

I I V )  

lL.U 
i2.n 
12.3 
12.9 

I L . 0  

I2.'J 
12.0 
1L.2 
12.') 
12.0 

12.3 
1Z.J 
LL. J 
12. J 
12:1 

12.sJ 
1L.O 
12. J 
1C.J 
1 2 . 3  

L . J  
12.J 
12.3 
I;.> 
LL. J. 

P-L" -I 
IPSIG) 

'I. 1 
9.0 
'1. 3 
9.3 
9.9 



TABLE VIII 

BASELINE COUNTERCURRENT FLOW TEST GlOUP 2 . 3  

TRAFJSPARENT VESSEL T E S T  DATA FOR T E S T S  2 . 3 . 1  TO 2 . 3 . 3 6  - -  0 . 3 7 - I N .  OOLlUCOMER CAP 

SUMYARY OF CALCULATED RESULTS 

T E S T  OOWNCi)flER ~ U ~ I I \ I C . ~ ; . I E R  LOWES PLENUY CIOL') L E G  DDWNCOMEK WATER F L - I H  J-LI IK J-WbTER 
N U  4 1 R  F L D H  A I H  DEI ' IS ITY  PRESSURE 4 l o  CLTJW d A T t P  FLOW C O t l T l N l J l  U Y  DUW~YCJHFR DCIIYCONEF 

l L U / S E C l  I L D / F T * * 3 1  I P S l A I  ( L B / S E C I  I L B / S E C I  I F T / S E C I  I F  T / S C C l  



TABLE VIII (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 2 . 3  
- .  

E X P F R l H E N T A L  YCASURMENrS F O Q  T E S T S  2 .3 .1  TO 2 - 3 - 3 4  -- 0.37-IN. DOWNCOMER GAP 

0. 0 9.0 



TABLE V I I I  (Contd.) 

BASELINE COUNTERCURRENT now TEST GROUP 2 . 3  

E X P C D I ' I C ! I T A L  rEASU4* l t ' ls ITS F.311 T E S T S  2 . 2 . 1  Ti) , . 3 . 3 6  -- 1.2:-Iq. i lCd* IC l1 '4 tF :  ' \P  

2.3. 1 J - J  32.5 30.1 il .  J 0 .U 52.'J 6 7 .  J 3.0 0.0 12:. 3 
2.3. 2 J.J 32.*J 32.3 J.3 J. J 5.l.J b7.cJ .J. 0 9.0 L2.3 
2.3. 3 J.0 32.0 34.5 U. 0 U. 0 53.3 h7.J 3.3 O.U 12 - 3  
2.3. 4 J.9 31.5 3 1 . g  :I . 9 0.0 5 4 . 0  71. *J 'J. 9 3.i) 12.3 
2.3- 5 J . J 32.5 '!0. 7 0. 0 0 .O 54..> 72.0 0. 0 0.0  l2.3 

0.0 
'I. 3 
J. 3 
9.0 
9. 0 

9. 3 
3.9 
'J. 2 
3. 'J 
3.5 



TABLE V I I I  ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 2.3 

EXPEPIdENTAL MEASURYENTS FOR TESTS 2 .3 .1  TO '2.3.36 -- 0 . 3 7 - I N .  OilWNCOMEK ?PAP 

LOWEK PLENUV FLOY BYPASS FL3W .............................. my----------------------- LOWE0. 
TEST I t ! L T I A L  F I N A L  T I M E  OF I N I T I A L  F I N A L  T I M E  3F PLEN:JY 

NO ' !4FI:;HT VElGtlT COLLECTICN WEIGHT HEIGHT CCILLECTION LFVCI. 
( L C )  I L B I  I SEC 1 I L B l  ( L E I  I C E C )  I IFJ) 



TABLE IX 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4.1 

THII.1SPARENT VESSEL TEST 9 A T A  FOR TESTS 4.1.1 TO 4.1.53 -- 0.49-1'1. 7011HCDMER G i P  

S'JHI4ARY UF CbLCULATED RESULTS 

TEST 
NO 

09.INC3MEQ LOWER PLERUM 
A I k  DENSITY PRESSURE 

( L 3 / F T * * 3 )  1?S13l  

CCLO LEG 
AIR FLOW 
ILB/SECl 

2.22 
i s .  18 
25.2'J. 
2 1.33 
2J.96 

20.92 
20.32 
21.03 
20.94 
16.32 

15.99 
15.33 
16.02 
16.37 
11.35 

11.35 
11.35 
11.29 

6 . 7 3  
h . 7 7  



TABLE IX ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 .1  

SUMMARY OF CALC'JLATEO RESULTS FOR T E S T S  4 .1 .1  T O  4 . 1 . 5 3  - 0 . 4 9  I N .  OOWWCClMER GAP 

TE'Sf DOWNCOMER DOWNC'IMER LOWER PLENUY COLD L E G  OOWNCOMER WATER FLOW J - A I R  J-WATER l J G * J * * l I 2  I J L * l * * l / 2  
YO A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOH C O N T I Y I I I T Y  OOWNCOMER OOHNCOHCR 

IL .B/SECJ I L B / F T * * 3 1  I P S I A I  I L O I S E C J  I L ~ I S E C J  I F T I S E C I  I F T I S E C I  



TABLE I X  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 . 1  

E X P C R I \ I E N T A L  Mt 'AS119HENTS FDR T E S T S  4 . 1  . I  T O  4 . 1 . 5 3  -- 0.49-1'4.  OClOlYCOYEM G41' 

T E S T  
?lo 

RM-tlG-3 
I C F Y J  



TABLE IX ( C o n t d .  ) 

BASELINE COUNTERCURRENT E'LOW TEST GROUP 4 . 1  

EXPERIVENTAL qEASURMENTS FOR TESTS 4.1.1 TO 4.1 .53 -- 0 . 4 9 - I N .  OOHNC0MER G.AP 

i). J 
0.0 
iJ. .J 
iJ.0 
0 . 0  

TEST P-CW-I n-Cud-2 P-HG-1 P-HG-2 P-HG-3 - 1  T - - 1  TF-115-2 TF-I4G-3 P-BAR0 
NU I P S I G I  I P S I G I  ( V S I t l  ( P S I G I  I P S I C I  1 0 E 5  F1 I D E G  F l  I F 5  .F) I S E G  F I  I P S 1 4 1  



TABLE IX ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 . 1  

TEST D-C'I-~ 0-CW-2 P-HC- I  - 2  P-IIG-3 F - - 1  TF-ilS-1 
N3  I P S I G I  I P S I G I  ( P S I S 1  I P S I C I  I P S I G I  ( O E 6  I D E S  F J  

4.1 .4h  .J . 0 0 . 2  3 . 5  0. J 3 . 0  5 5 . 0  72.0 
4 . 1 . 4 7  .> . 0 Y . 2  8 .: i). 0 0 .0 54.,J 72.3 
4 . 1 . 6 8  0 . 0 .  U.2  8 . 5  0 . 0  0 .O 5 4 . 3  70.0  
4.1 .49  0 .0 8 . 2  .' 8.2  3.0 0 . 0  54.5 70.0 
4 . l . s d  J.0 8 . 2  9.2 0.0  3 .U S*. J 7 1 . 0  

3 .0  
a. 0 
u . 0  
0 .3  
U.0 

0.0 
9.9 
'J. 3 
3.0 
1.1.0 

0.0 
S. 0 
'3. 9 
1 . 3  
.3.0 

5.9 
9 . 0  
0.0 
0 . 0  
9. 0 



TABLE IX ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 

TEST 
NO 

EXPERIYENTAL YEASUKMENTS FOR TESTS 4.1.1 TO 4.1;53 -- 0.49-IN. OOHNCOP!ER GAP 

LOWER PLENUM FLOW ------------------------------- 
I N I T I A L  F INAL TIME O F  
WEIGHT HEIGHT COLLECTICN 

I L Y I  I LO) ( SEC 1 

151.0 181.5 3CO. J 
ld1.5 234.0 300.0 
2 J4. 0 ZZ I.5 300.0. 
134.5 417.5 60.0 
285.0 , 555.0 60.0 

257.i) 396.5 30.3 , 

lC3.U 163.5 180.3 
16J.3 172.5 120.J 
172.5 O J .  0 120.3 
2UJ.0 229.8 120.0 

223.8 ,257.3 120.0 . 
257.3 287.3 120.J 
2e7.3 , 316.3 120.0 
316.3 391.0 120.0 
391.0 lt23.5 t0.3 

BYPISS FLt.IW -------- ----------- ------------ 
I N I T I A L  FINAL TIME OF 
HE I GliT HEIGHT COLLECTION 

I L B )  (1 91 ISFCJ 

250.0 394.5 30.0 
394.5 500.5 30.0 
500.5 662.5 60.0 

86.5 '184.0 122.3 
104.0 2 4 1  - 0  140.3 

141.0 241.0 0.0 
241.0 572.5 61.0 
5'72.5 702 .t> Y 9 . b  
I02.0 1043.U . 64.3 
550.5 777.0 57.- 

777.0 948.5 61.0 
761.5 852.0 '7'3 - 9  
(i52. J 854.7 1 5 i . 6  
365.5 685 .O 66.0 
6aO.i) '125.5 66.5 

LOUER 
PLEYvJ?t 
LEVEL , 
I r r r j  

12.0 
LZ. J 
12.0 
12.0 
12.0 

11.0 
12.3 
12.0 
12.0 
12.0 

12.9 
12.0 
12.0 
12.0 
12.0 

P-LO-1 
I P S I C I  

7.2 
* 7.2 

7.2 
7.2 
7.2 

7.1 
7.2 
7.2 
7.2 
7.2 

7.2 
7.2 
7.2 
7.2 
7.2 

7.2 
7.2 
7.2 
7. ? '. 1 

7.2 
I.? 
1.2 
7.2 
7 . 2  

7.2 
7.2 
7 .1  
7.1 
7.3 

7.2 
7. Z 
7.2 
7.1 
7.2 

7.1 
7 .2  
7.7 
'I. 1 
7. 1 

TF-L P- 1 
ICEG F )  



TABLE IX ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 .1  

EXPEWIMENTCL Y ~ * < S ~ I S M E M ? S  FOR TESTS 4 .1 .1  TO 't.1.53 - 0 .4 '9 - IN .  DO'.I:JC!J+lEE GAP 

Ltla.4'.ii PLEIIUM FLCH BYPASS FL':# 
LilUEP. 

TEST I b I I T I L L  F I L I A L  T l t tE  OF I N I T I A L  FIFlPL . Tlr4E: OF PLEULIM ?-LD-1 TF-LP- I  
:4 0 0 - d ~ l r , t i r  'JCIGnT c c L L E i T [ c h   EIGHT ~ ~ I G H T  C O L L E C T  r . 7 ~  L E V E L  I P s 1 6 )  [OEG F l  

I L , ~  I I L ~ I  I S E C I  L L J I  I L ~ )  (SECI I rn,  



TABLE X 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4.2 

Tr.A:4SP:.RLNT VLSSFL T tST  DATA F 3 R  TESTS 4.2.1 1'1 '1.2.ch -- >.',?I-111. ')0?'4'153LER :;rP 

SUY'l4RY 'IF C &LCYL.%TE? RESULTS 

TFST Jil?lNCiJ;lEk :IC\4h'C 1zli.P. L2:ICF. PLEkUY SCL3 LE; 9 f l i l Y C ! l i 4 ~ R  , 14 rE i  GLIl.4 J - A !  R 
NLI A I ? .  FL'J.4 . AIF! 9E:J;ITY PZESSUKE AIR FLII'J JATEP. FLIl'4 C:l'ITI;.I~JITY ?:I:J.iC"I.!~V. 

l L d / S E S I  I L 9 / F T * * 3 l  (PSI . \ )  l L d / S E C l  I L d / S I C I  (rT!SC(. I 

J.2204 '12.2Y 
.J. 2 2  12 42.29 
9.2217 42.29 
J.2212 42.29 
J. 2 2  1% .12.?7 

J ' '>  J , - - d  42.29 , 

3. 2:!00 '11.29 
J.2Z03 i l . 2 9  
J .?2JJ  42.29 
nJ.ZJ4 k2.29 

'J. 22 12 - 2 . 2 9  
'1.1203 12.2'2 
J . 2 3 t ;  42.29 
3.2LU'I 4 2 - 2 9  
J. 2 2 5 4  i2.2'3 

1.113 
I .  I J J  
L .  J J 3  
1 .0'>1 
1.013 



TABLE X (Cdn t d . ) 
BASELINE COUNTERCURRENT FLOW TEST GROUP 4 . 2  

SUt4MAP.Y Ur: CALCULATE3 RESULTS FOR TESTS 4 . 2 . 1  T U  4.2 .46 .  -- 0 . 4 9  I r l .  00U:.IC9HER GAP 

T E S T  9O*NClJ'4ER 
NC A I R  FL!1H . 

I L H I S E C  

305lNC3MEU LOWER PLENIJi4 COLF LEG OflWNCOnEP IIETET! FLOU J - A I R  
bIF .  C F Y S I T Y  PRESSURE A1Q FL' IH WATER GLOW . C I I I \ ( T I N I I I T I  D!lW:JCIJtIEP. 

l L J / F T * * 3 1  I P S I A )  t L B / S E C )  l L 3 / S E C )  I F T I S F C )  



TABLE X ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 .2  

RN-C?I-I 
I GP:41 

3J.J  
J J - J  
25 .J  
:3.1. d, 
3 I . . )  

i5. J 
31. J 
3J .J  
2 J.. l  
LU.0 

A). J 
33. J 
2J .3  
l b .  J 
3 I ..J 

a \I-:l.;- 3 
ICF'lI 

:J. 3 
J.J 
3.0 

2 J. 'JJ 
20. JO 

2 U . J O  
3U.33 
33.90 
3 J. !I0 
30.00 

3.0 
0 .0  
J. ;! 
0.0 
J.O 



TABLE X (Contd. ) 

BASELINE COUNTERCURRENT FLOW TEST .GROUP 4.2 

YEASURMENTS FOR TESTS 4 . 2 . 1  TO '1.2.46 -- 0.,4Y-IN. IICWNCO*ER ';.4P 

TEST P-S'J- I  
!1;1 IPS1 GI 

32.5 22.2 0. 0 i).J ' !i7.3 72 .2  
33 .2  3 2 . 7  J.3 U.O 53 .4  72 .  J  
32 .5  22 .2  'J. J J - 0  53.J 7 2 . 0  
51 .5  J l . 5  3 .0  J . 0  54.J 72. J 
j 2 . J  32.0 0. 3 0 . 3  .~5.0 7 1 . J  '' ' 

3. J 
3. d 
'J. :J 
0.0 
0.0 



TABLE X (Contd. ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 . 2  
. . 

E X P E R I ' I F I J T A L  . 3 E J S U R M F N T S  F G Q  T E S T S  4 . L . L  I0 , . .2;46 -- J.4'7-114. UiJdYCOMEh GAP 
\ 

50.  J 
So.  J 
5 i . , J  
' j 1 . J  
9.1 . ' )  

L!JY5P. PLE: I I IY  " - L P  - 1  TI;.-LP-? 
LEVEL 1nS15) IDES F l  
I l r l l  

I ' . I ! T I A L  b I N A L  i l M E  (IF 
K !SIIT ! ! C ! G H T  C ~ I ? L F C T I C . \ I  

I L D I  l L 3 l  ISFCI 



TABLE X (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 4 .2  

EXPERIttENTAL 3EASUYMENTS FO9 TESTS 4.2.1 T O  4.2.46 -- 0.49-IN. OOWNCOWEQ G.lP 

L0WEP. PLEN'IM FLEW BYPASS FLOW ------------------------------- ------------------------------- L'lHER 

T F S T  I N I T I A L  FI'IAL T l H E  OF I I ~ I T ~ A L  FItdAL r lUF.  OF PLENU:4 'P-LP-1 TF-LP-1 
~ 1 0 '  UE I1;YT Hf IC l lT  CJLLECTICN UF lGliT :4fiIGHT CII -LtCTlUW LEVEL I P S I t l  I'IEG F i  

I L 1 1  IL'II I SEC) 1 LU) I I. i3 I : SECI I I:lJ 

4s. 'J 
95.0 
43. J 
55.3 
t5.O 

6C.0 
I0 .a 
t 5 . O  
ti.. J 
bQ.0  

55.3 
6U.0 
1.?.'1 
h5.3 
6 0 . 3  

555 .3  
J Y U . 0  
(~16.5 
Q'?>. 5 
h 9 3 .  J 

676.2 
Hb. 5 

,106.5 
71.5 
424.0 

'117.3 
,bL. J 
107.5 
249.0 
3*9:O 

412.5 



TABLE X I  

BASELINE COUNTERCURRENT FLOW TEST GROUP 5 . 1  

T R & N S P A R E N T  V E S S E L  T E S T  3 4 T A  FOR T E S T S  5 .1 .1  TO 5 . L . 2 9  -- 3.53-It!.  COW4COMER G A P  

SUYHARY O F  CJLCrJL4TEI )  R E S U L T S  

T E S T  OijkiNCOdEK !)CWhC3YER LOHCR PLEKlJH C C L 9  L E G  30WllCi)C4EF WATER FLOW J - A I R  J-!4A TER 
NJ . A I R  FL'IW A I P ,  D E Y S I T Y ,  P R E S S U R E  A I R  FLOW H A T E R  FLOiJ C ( l N T 1 N U I T Y  DOWNCOYEP. '3O'J'.ICr)MEP 

( L a / S E C )  ( L t l f F T * * 3 )  ( P S I & )  ( L S / S E C )  ( L Y f S E C )  ( F T / S E C )  (F T / S E C J  



TABLE XI (Contd.) 

BASELINE COUNTERCURRENT n o w  TEST GROUP 5.1 

EXPERIMENTAL MEASURMENTS FOR TESTS 5.1.1 T O  5 .1 .29  -. 0.53-IN. OOWNCOMER GAP 

TEST RM-CW-1 RM-CW-2 FT-CW-1 FT-CW-2 RM-HG-1 RM-HG-2 RM-HG-3 RH-He-4 FT-HG-1 FT-HG-2 
NO (GPMJ (GPCII " (GPMI ( GPHI (CFM I ( C F M I  (CFMI  (CFM) ( C F 4 )  (CFMI 



TABLE X I  (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 5 . 1  



.TABLE X I  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP,5.1 

EXPERIMENTAL MEASURMENTS FOR TESTS 5.1.1 TO 5.1.29 - 0 - 5 3 - I N ;  OOWNCOHER GAP 

. . 
BYPASS FLOW LOWER PLENUM FLOW ------------------------------- ............................... LONER 

TEST I N I T I A L  F I N A L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLENUM P-LP-1 TF-LP-1 ' 

NO ' YEICHT.  WEIGHT COLLECTION WEIGtIT WEIGHT COLLECTION LEVEL ( P S I G )  . ICEG F )  
( L E I  ( L B )  I SEC I L B )  I L B I  l S E C l  ( I N )  



TABLE XII .. 
BASELINE COUNTERCURRENT FLOW TEST GROUP 6 . 1  

SUF1YA;IY OF tALCIJL,\TEI! R E S U L T S  



TABLE X I 1  ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GMUP 6 . 1  

EXPERIFICNTAL :4tASIJR#ENTS F O R  TESTS 6.1.1 TO 6.1.14 -- 0.63-IN. COVNCOMER' CAP 

TEST P-5N-1 p-c !d-z  P-kc-1  P-Hti-2 P-HG-3 TF-CW-1 TF-H';-L TF-HG-2 TF-HG-3 P-BAR0 
110 ( P S l G J  (PSIG)  ( P S I G I  [PSIG)  (PSI ( ; )  (OEC F1 ( D C C  F )  (OF,; F l  (DES F )  (PSIA)  

6.1. 1 .J. J 11  .iJ 10.7 iJ. iJ 0 . 0  55.J 76. ?) 9.3 0.0 12.3 
6.1.  2 . I .  9 1J. I 10.7 1). 3 3 .O 5 3 .  J 76:J !J. 9 0.0 12.3 
6.1. 3 J. J 11.0 11.3 0.:) 0 .0 59.3 77.J 3.0 9.C ' .12.3 
0.1. 4 .I - 0  , 14.0 14.0 3. '3' 0.0  57.3 75.)  0.0 5.0 12.3 
6.1. S .J. :J 11.5 1-3.3 d. 9 il .i) 59.3 76- !I 0.0 3.0 12.3 

'J. 0 
0.0 
3.0 
0.0 
0.0 

0.0 
0. a 
0.0 
0. .3 



TABLE XI1 (Contd.) . . ,  ~ 

BASELINE COUNTERCURRENT FLOW TEST GROUP 6.1 

EXPEP. 1'1ENTI,L r 4 E . \ S i ) Q r l E N T S  F m J 9  TESTS b.1 . l  Ti3 5 . 1 . 1 4  -- 1J.63- Ihl .  i7O;JVCUYE'i !;.'tP 

TEST 
!go 

LC!dEK PLFNiJY GLOW ------- ----- .-- -.---- ------ - -.- -- 
I N I T I A L  F IPI.SL T I Y C  OF  
r l E  1 Gl4T WFICHT COLLECTICK 

( ~ 3 )  ( ~ a l  ( S E C  

bYPASS F'-Oi4 
-------.--------------- ----- - -.-- 
I F I I T I A L  F 1NA.L T I k l E  3 E  
R E  1 t H T  H E I G H T  C I L L E C T I Y N  

( L 9 )  (L 3 (SEC 

LO!JF;R 
PLE?I!JY 
LEVEL 

( 1 2 )  



TABLE XI11 

BASELINE COUNTERCURRENT FLOW TEST GROUP 7.1 

TRANSPARENT VESSEL TEST 04TA FOR TESTS 7.1.1 TO 7.1.63 -- 0 . 7 0 - I N .  OOUNCOnER GAP 

SUMMARY OF c A L C U L ~ T E O  R E S U L T S  



TABLE 'XI11 ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST 'GROUP 7 : 1 

T E S T  11'3HNCllLlER [ )3 r lNCO! IEh  LOWES P L E Y U V  COL' )  L E G  JO'JUSnYEF: W s l E K  F,LI!4 J - \ l , R  J - '14rCR ( J G b l * * l I 2  I J L * l * * l / Z  
N O  A I R  F L J k  4 1 9  C E N S I T Y  P R E S S U R E  A I R  FL'JU XLTE!? FL!l:.I C ' I t I T I ' I I J I T Y  OOWNT.OYEP 31YUC'3YEl !  

( L Y / S E C I  ( L B / i T * * i I C )  ( P S I  b l  ( L B I S F C I  I L ! % / S C C I  I F T I S X C )  t C I I S F C i  



TABLE X I 1 1  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 7 . 1  

E X P E f i I Y f 3 l A L  MEASURMENTS FOR T E S T S  7 . 1 . 1  T O  7 . 1 . 6 0  - 0 . 7 0 - I N .  C!lUNCn'.lER GAP 

TEST RM-Cq- I  RH-CU-2 FT-CH-1 F l - C U - 2  kM-IIG-1 Rlt-HG-2 AM-HG-3 
I4 IJ I G P M )  I G P M )  . I G P M )  I GPElI I C F H )  ( C F H  t I C F Y I  

PH-HG-C 
I C F M I  

FT-HG- 1 
I C F M I  

9 . 0  
0 . 0  
0 . 0  
0 . 0  
'J. 3 

0 . 0  
5 4 .  0 
0.:) 
9 . 0  
0 . 0  



TABLE XI11 (Contd.) 

BASELING COUNTERCURRENT n o w  TEST GROUP 7.1 

EX PER^ l i F l T $ L  ' I E A S U R I F N T F  r311 TESTS 7.1.1 TI1 7.1.65 -- 0.70-1 4. ~lO4NCQC4Er( *;I? 

FT-cw-1 
( C P ~ I  

0.9 
0.3 
0. J 
0.0  
0. C 

0.0 
0. J 

129.3  
SU.0 

120.0  

SO. J 
110..1 

9J.J 
7J. J 
0.0 

0 .3  
3 . 0  
9.3 
0.0 
0.0 

TF-HS- 1 
J 3 E G  = I  

79.0 
75.9 
75.3 
7a.0 
7d.0 

78.0 
13.0 
71.5 
6 5 . 3  
65.0 



TABLE XI11 (Contd.) 

BASELINE COUNTERCURRENT FLOW- TEST GROUP 7.1 

EXPERIMENTP'C, HEASURWENTS FOP TESTS 7.1.1 TO 7.1.63 -- 0.79-1!4. DOHNCOYER SAP 

TEST P-CY-1 P-CU-2 P-HG-1 P-HG-2 P-HG-3 TF-CW-I TF-HC-1 TF-HC-2 TE-HG3 P-8ARn 
QCl I P S I G I  1PSI.G) I PSIGI I P S I G I  ( P S I G I  lOEC F l  (JEG F I  lnFG F Y  (OEG F l  (,PSI41 

7 - 1 - 1 6  
7.1.17 
' I .  1. l d  
?.1.:9 
7.1.2J 

7.1.21 
7.1.22 
7.1.ZJ 
7.1.24 
7.1.25 

7.1.25 
7.1.21 
1.?.2'1 
7.1.24 
7 . i . j2  

7.1.31 
7.1.12 
7.1.33 
7.1.34 
7.1.35 

99.3  
'19. J 
9 5 . 0  
36.0 
'15 .5  

76.9 
9 5 . d  
9C.U 
3.;. 3 
33.5 

YZ. 5 
91.0 
98.5 
YO. 5 
98.0 

u.0 
d.0 
3.0 
0.0 
0.0 

(i.0 
0.0 
0 . 3  
0.0 
0.0 

3. ,J  
0 .0 
0 . 5  
il. 0 
0 . :1 
0.0 

33.5 
33.5 
33.5 
3J.0 



TABLE ' X I 1 1  ( C o n t d . )  

BASELINE COUNTERCURRENT now TEST GROUP 7.1 

LGl4ER I'LSNUM FL'J!.( ------------------------------- 
I Y I T I A L  F. I I IAL T I M E  nF. 
.<El ;!IT l f E I C l l T  C U L L E C T I C N  

l L 3 )  I L U I  I S E C )  

133.0 274.3 25.0 . 
274.3 3dr.O 20.0 
3Y.i.J /193,iJ 20. J 
2Jo.3 592.3 20.n) 
133.8 237.5 20.J 

237.5 364. J i5.J 
3b:t.J 517.5 30.0 
133..> 2 2 9 . 9  20.0 
23.1.0 356.3 25.0 
35a,.3 497.8 30.0 

,173.d 319.5 3'J. 0 
319.5 C J 7 . U  20.3 
13 3.0 Z ju .5  20. i) 
2 5 6 .  J 374.a 25.9 
3 7 i .  'J 46J.5 20.0 

nvoI.ss GL:l'4. ------------------------------- 
I 4 I T I A L  FJIIAL T I ' t C  ?F 
!iE I Gt1T 4F I W T  COLLECTIOFI 

I L 8 l  ( L d )  I S E C  I 

86.3 8 7 . 3  75.:) 
87.5 92.3 75.1 
92.3 L 05. 0 HJ.9 

105.0 121.5 '15.3 
121.5 151.5 10.  J 

151.5 160.3 7 5 . 3  
Lb9.d 190.3 bIJ.3 

83.0 100.5 6 9 . 1.1 
I J J . 5  139.3 70.J 
139.3 151.5 7J.O 

L51..5 - LYc!.5 70.0 
199.5 225.3 7 9 . 3  
145.5 146.5 8.1 - 5  
146.5 238 .0 7 4 . .i 
203.0 234.0 65..J 

LO:.ITR 
PLE!I.J!! 
LEVEL 

I I Y I  

12.0 
12.9 
12..J 
1Z.J 
12. J 

l Z . J  
12.0 
12.0 
.I 2. 0 
. IL.3 

l i . 3  
12:J 
12.0 
12.3 
12.3 

TF-LP-1 
ICEG F l  



TABLE XI11 (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 7.1 

EXPERIMENTAL NEASURMCNTS FOR TESTS 7.1.1 T O  7.1.63 -- 0.70-lit. D!IUNCUC(ER G.\P 

TEST 
NO 

7.1.Zh 
'7.1.27 
7.1.28 
7.1.23 
7.1.3J 

7.1.31 
7.1.32 
7.1.33 
7.1.34 
7.1.35 

LOWE3 PLENUM FLO'A -- ---.-- -------- ---------------- 
INITI :+L F I N A L  T I H E  OF 
#.4E ISYT WEIGHT COLL'CTICN 

' I L B )  I L Y I  I SEC) 

BYPASS FL'IH ------ -----.-------- ---- 
F I N A L  T I M E  ;IF 
WE1~;llT C[ICLECrION 

( L H I  I S F C I  

2 Z S . 0  Sil .:I 
210.0 60.1) 
157.0 30.0 
I 7" . - J  3U.J 
219.5 3 u . 0  

LOHEP. 
?LEhIIJN 
LEVEL 

I I W I  

12.0 
12.0 
IL .0  
12.3 
12.0 

12.0 
12.0 
l i . 0  
12.0 
12.0 

316.0 30.0 
JUJ.5 3 0 . 0  
1 4 1 . 5  30.0 
219.5 3J .0  
161.5 60.  0 



TABLE XIV 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9.1 
. . 

. . 

TRAhlSDAPcNT V E S S E L  'EST D A T A  FOP T E S T S  9.1.1 1.1 9 - 1 - 9 8  1 . 5 8 - I N .  03WNCOf4cR G 4 P  

SIJMY hRY CIF C A L C l I L A T E 3  HESIJLTS 

T E S T  D ~ W V C J M E D .  YILIHCOYEP. LO'JEP PLENUH C O L ~  LEG O O W N C O ~ E '  W A T E R  CLOH J - A I R  J -14 1- EF! . 
4 0  A I R  FL'1.A A 1 4  D E H S I T Y  PRESSURE A I R  FLOW WATCP F L 3 H  C f l N T I W J I T Y  DOHPICOMEP 9!JQi?lCUMFR 

I L R / S E C )  I L d / F T * * 3 1  I P S I A I  l L B I S 5 C l  l L B / S E C l  I F T I S E C I  I C T / S E C l  



TABLE XIV ( C o n t d .  ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 . 1  

SVMHARY OF CALCULATED RESULTS FOR TESTS 9 . 1 . 1  T O  9 . 1 . 9 8 - - -  . 1 . 5 8  I N .  DOWNCOMER GAP 

T E S T  OOHNCOHER 9*YWNCO!.IER LOWER PLENUY COLD LEG DO,UNCOHER WATER FUJW J - A I R  J-WATER 
NO A I R  F L 3 3  A I R  9 E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  OOUNCONER DOWNC'lMFR 

I L B I S E C  I l L B / F T * " 3 l  ( P S I  A1 I L B I S E C I  ( L B I S E C I  I F T / S E C I  I F T I S E C )  



TABLE -XIV.(Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 .1  

-. - 

S' IYYPRY P F  CALC'JLATFO QESULTS Fr lR T F S T S  9.1.1 TO 9.1.98 -- 1.58 1 V .  9OUNC'JYEP G A P  



TABLE XIV (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9.1 

EXPERIHENT4L  MEASURMENTS FOR TESTS 9.1.1 T O  9 - 1 - 9 8  -- 1.58-IN. ODWNCOMER G4P 

TEST RH-CU-1 
NO I (;DM1 

RY-CW-2 
(GOY1 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
I). 0 
0.0 

0.0 
0.0 
9.0 
0.0 
0.0 

0.0 
3.0 
0.0 
0.0 
0.0 

" 0.0 
3.0 
0.0 
.o.o 
3.0 

0.0 
0.0 
J.O 
3.0 
0.0 

0.0 
0.i) 
0.0 
3.0 
0.0 

0. 0 
0. J 
0.0 
0.0 

, 3.0 

9; l .  1 3.9 
9.1. 2 I). 0 
9.1. 3 a.0 
9.1. 4 3.0 
9.1. 5 '9.0 



TABLE XIV (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 . 1  

L X P E R I Y E N T P L  ! IEAS'JUYEt ITS FOR T E S T S  9.1.1 Tn 9.1.98 -- 1 . 5 8 - I N .  '3OMNCnlER GAP 

.) . 0 
.I . J 
J.0 
.J . 0 . 0 

.J. 81 
0 . 0  
'J. 0 
.).0 
J.0 

J .  J 
9.0 
3.0 
J. iJ 
,cl . 0 



TABLE XIV (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 .1  

E X P E R I M E I 4 1 4 L  Y E A S U R M E N T S  FOR T E S T S  9 . 1 . 1  T O  9 - 1 - 9 6  -- 1 . 5 8 - I N .  OOW~ICOHER G A P  

T E S T  RM-CW-1 W - C W - 2  F T - C l t l  FT-CW-2 RM-HG-1 RY-HG-2 RH-HG-3 
N O  ( S P M I  I GPY 1 l G P M l  ( GPY I I C F M I  - I C F M I  I C F Y I  

F T-HG-2 
I C F M I  

9 . 3  
3.0 
i). 0 

T E S T  
YU 



TABLE XIV (Contd. ) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 . 1  

E X P E R I H E . \ I 7 A L  ! q E A S U R M C Y T S  F09 T E S T S  9.1.1 T O  Y . l . o 8  -- 1 . 5 8 - I N .  D n w N C n h l E ~  CAD 



TABLE XIV ( C o n t d .  ) 

BASELINE COUNTERCURRENT PLOW TEST GROUP 9 . 1  

E X P E R I Y E N T A L  H E A S U R M E N T S  FOR T E S T S  9.1.1 TO 9.1.98 -- 1.58-IN. DOWNCOWER G A P  

T E S T  
NO 

9.1.56 
9.1.57 
9.1.58 
9.1.59 
9.1.63 

9.1.61 
9 - 1 - 6 2  
9.1.63 
9.1.64 
9 - 1 - 6 5  

P-C U-2 
( P S I G I  

0.0 
3.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

TF-HG- 1 
( D E G  F )  

T F - H G - I  
( O E G  F )  



TABLE XIV ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 .1  

E X P E R I ' 4 E H T i L  '4E&S?LqtlENTS COR T F S T S  9.1.1 T D  7.1.98 -- 1 . 5 8 - I N .  0OW.YCOMFP G A P  

T E S T  P-C!f- 1 P-C !J-2 P - I t s - 1  v - ~ r , - ?  P-HG-3 TF-CW-1 T F - H C - 1  T F - H G - I  T F - H S - 3  ?-BAR0 
?I 0 I P S I G I  ( P S I G I  ( P S I G I  ( P S I S )  ( P S l G l  ( O F 5  G I  ( D E G  F l  I D E G  F l  t n E G  F l  I P S 1 4 1  

B Y P A S S  F L n W  ------ - --------------- 
F !F! 4 L  T I M E  OF 
W E I G H T  C n C L X T I O N  

!L R )  I SEC I 

LOWER" 
P L E H U M  
L E V E L  
I IN) 

I N I T I A L  
,7JE I ",iT 
I L!i I 

TIHE'TIF 
C U L L E C T I C N  

( S E C  I 

TEST 
'10 

P-L 0- 1 
I P S I r . 1  



TABLE X I V  ( C o n t d . )  

BASELINE COUNTERCURRENT FLOW TEST GROUP 9 . 1  

E X P F R I H E N T 4 L  !4EASURMEtJTS FOR T E S T S  9.1.1 TO 9.1.98 - 1.58-IN..OOWNCOMER GAP 

p ! J W T  PLLENUM FLOW ------------------- - ----------- 
TEST I N I T I A L  F I N A L  T I M E  OF 

rJ0 WEIS t lT  4 E I G H T  C f l L L E C T I C N  
I L B I  I C E )  ('SEC I 

BYPASS FLOW ----------------------- 
F I N A L  , T I M E  OF 
HE I CHT C O L L E C T I O N  

( L E I  I SEC I 

LDWER 
PLENUM 
L E V E L  

( 1 V J  

-------- 
I N I T I A L  
WEIGHT 
I L 8 J  

P-L P- 1 
I P S I G J  

TF-L P- 1 
(OEG F l  

1 3 5 . 0  
1'06.5 
392.0 

91.0 
LOO. 5  



TABLE XIV (Contd.) 

BASELINE COUNTERCURRENT FLOW TEST GROUP 9.1 

. . . . 

EXPERI\ lEFITPL MFASIJQMENTS FOR T 5 S T S  9 . 1  - 1  TO 9 - 1 - 9 6  -- 1.58-1'4.  ODWNC!3MEV. GAP 

LCHE!, PLENIJY FLOW SYPASS FLflW ------------------------------- ............................... LONER 

TEST I N I T I A L  F I FI .fi L T I M E  'Ic I h l I T l h L  F IF1 AL T I M E  OF PLENUM P-LP-1 TF-LP-1 
'4 0 WCIGHT H E I G H T  C ' 3 L L E C l I C N  WEIGHT WEIGHT COLLECTION LEVEL 

( P S I G )  IOEG F I  

l L 9 )  I L B I  ( S E C J  ( L B I  ( L E I  ( S'EC 1  (IN) 



TABLE XV 

BYPASS FLOW TEST GROUP 5 . 5  

TRANSPARENT VESSEL TEST D A T A  FOR T E S T S  5.5.1 TO 5.5.23 -- 0.53-IN. DOWNCOMER GAP 

SUMMARY OF CALCULATED RESULTS 

T E S T  DOWNCOMER DOWNCOMER LOWER PLENUM COLD L E G  DOWNCOMER WATER FLOW J - A I R  J-WATER l J G * I * * L / Z  l J L * J * * l / Z  
N 0 A I R  FLOW A I R  D E N S I T Y  P,RESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  OOUNCOMER DOWNCOMER 

( ' L B / S E C I  ( L B / F T * * 3 1  ( P S I  A) ( L B / S E C )  ( L 8 / S E C l  I F T / S E C I  t F T / S E C l  



TABLE XV (Contd.) 

. . 
EXPERIMENTAL MEASURHENTS FOR TESTS 5.5.1 T O  5.5.23 -- 0.53-IN. DOWNCOMER SAP 

TEST 
NO 

5.5. 1 
5.5. 2 
5.5. 3 
5.5. 4 
5.5. 5 

5.5. b 
5.5. 7 
5.5. 9 
5,s. 9 
5.5.10 

5.5.11 
5.:5.12 
5.5.13 
5.5.14 
5.5.15 

5.5.16 
5.5.17 
5.5.18 
5.5.19 
5.5.20 

5.5.21 
5.5.22 
5.5.23 

FT-CW-1 
( GPM J 

0.0 
0.0 
0.0 
0.0 
0 .0  

0.0 
0 . 0  
0 . 0  
0. 0 
0.0 

0.0 
0 .  0 
0.0 
0.0 
0.0 

0.0 
o t o  
0.0 

60.5 
0.0 

10.0 
70.0 
70.0 



TABLE XV (Contd. ) 

BYPASS FLOW TEST GROUP 5 . 5  

EXPERIMENTAL MEASURMENTS FOR TESTS 5.5.1 TO 5.5.23 --'0.53-IN. OOJNCOMER GAP 

TEST 
NU . 

LOWER PLENUM FLOW 
. ............................... 

IN IT IAL  FINAL TIME OF 
.HEIGHT WEIGHT COLLECT ION 

I L 8 1  (LEI1 (SECI 

BYPASS FLIld - 
FINAL TIME OF 
JEI  GHT COLLECT ION 

( L & l  (SECI 

157.0 20.0 
185.0 20.0 
203.0 3iJ.0 
198.0 30.9 
220.5 30.0 

263.5 . 20.0 
146.0 60.0 
165.0 , 60.0 
414.3 6 9 . 0  
558.i) 63.3 

317 .5  6U.O 
'291.0 120.0 
319.0 45.0 
505  .0 60.0 
308.0 90.9 

LOWER 
P LENUH P-LP-1 
LEVEL (PSIGI 
. (  IN1 

-- ------- 
INIT IAL 
WE lGHT 

I L 8 1  

TEST 
NO 



TABLE XV (Contd.) 

BYPASS FLOW TEST'GROUP 5.5 

E X P E R I Y E N T A L  MEASUHMENTS FOR T E S T S  5.5.1 T O  5.5.23 -- 0.53 - IN .  OOWNCOMER GAP 

LOWER PLENUM FLOW B Y P A S S  FLOW ............................... ............................... LOWER 
TEST I N I T I A L  F I N A L  . TIME OF INITIAL F I N A L  T I M E . O F  PLENUM P - L P - 1  TF-LP-1 

N O  WEIGHT biEIGHT C O L L E C T I U N  WEIGHT WEIGHT C O L L E C T I O N  L E V E L  ( P S I G J  (OEG F J  
I L B J  I L B J  , I SEC J I L B I  ( L B J  I S E C )  ( I N )  

TEST CY-CG-1 RM-CG-2 FT-CG-1 P-C G- 1 P-CG-2 TF-CG-1 TF-CG-2  
NO I C F M J  l C F ' 4 J  I C F M J  I P S I G J  ( P S I G J  (OEG F )  I O E G  F )  



TABLE X V I  

BYPASS FLOW TEST GROUP 5.7 

TFANSPABEYT V F S S F L  T F ' T  DATA FflR T E S T S  5 . 7 . 1  19 5 . 7 .  Y -- 0 . 5 3 - I N .  OOVWCIlYER G4P 

SIJYi4AP.Y '1C CALCULATED RCS!JLTS 

T E Z T  D?WNCO'4FP ?9'.4i.IC?flER I.OnER PLENU'I  COLD L E G  
PJD ' AIF. FLrlW 4 1 0  3E' IS!TY PRFSSUP.E A!R FLO'4 

( L B / S E C I  l L O / c T * * 3 1  ( P S I A I  ( L B / S F C I  

DOWFICOMEC WATER FLOP J - A I R  
4ATER FLOW C D N T I N U I T T  OUHYCDHEP 

( L R / S E C I  ( F T / S E C I  



TABLE XVI (Contd.) 

BYPASS FLOW TEST GROUP 5 . 7  
- 

EXPERI4EFITAL :4EASURMENTS FOR TESTS 5.7.1 T O  5.7. 9 -- 0.53-IN. OOWNCOYER GAP 

TEST 
NO 

5.7. 1 
5.7.. 2 
5.7. 3 
5.7. 4 
5.7. 5 

5.7. b 
5.7. 7 
5.7. 8 
5.7. 9 

TEST 
FI 0  

5.7. 1 
5.7. 2 
5.7. 3 
5.7. 4 
5.7. 5 

RM-CW-1 
I GPV J  

0.0 
9.0 
:l.i) 
J.0 
3.0 

1.3 
0.0 
3. 'J 
2.0 

P - S H - 1  
I P S I G J  

h-5.0 
54.5 
43.5 
14.0 
12.0 

P.3-CW-2 
IGPMJ 

0.0. 
0 .o 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
J.0 

P-C W-2 
I P S I G J  

0.0 
O.U 
0.0 
0.0 
i). 0 

TF-HG- 1 
(DEG F l  

LhWEF PLENIJY -------------------- 
1 X I T I P . L  F I r I A L  
WE!CHT WEIGHT 

. l L 9 l  I L R J  

FLOW 
. - - - - - - - - - - 

T I H C  OF 
C f l L L E C T l f l N  

I S E C I  

BYPASS FL9W . ------------------------------- 
I ' I I T I A L  FINfiL T I M E  !lF 
W E  I GHT WEIGHT c n L L E c T  ION 

I L R J  l L 9 1  I SEC J 

L W E R  
PLENUY 
L E V F L  
I I ? l J  



-.TABLE XV I (Con t d . ) 
BYPASS FLOW TEST GROUP 5 . 7  

.- 0.53-111. OOW?IC7YCP G A P  



TABLE XVII 

TRANSPMENT VESSEL TEST DATA FOR TESTS 5.12.1 TO 5.12.16 - 0.53-IN. OOWWOMER CAP 

SUMMARY OF CALCULATED RESULTS 

TEST DOYNCOMER OOYUOMER LOYER PLENUM COLD LEG DOWNCOME8 YATER FLOY J-AIR 
NO A I R  FLOY A I R  DENSITY PRESSURE A I R  FLOY WATER FLOW CONTINUITY OOYNCONER 

(LB/SEC) (LB/FT**3)  ( P S f A )  (LB/SECI tLB/SEC)  ( F T I S E C )  

J-WATER 
DOYNCOMER 
( F T I S E C )  



TABLE XVII (Contd.) 

BYPASS FLOW TEST GROUP 5.12 

EXPERIHEMAL HEASURMENTS FOR TESTS 5.12.1 TO 5.12.16 -- 0.53-IN. OOYNCOHER GAP 

TEST RM-CW-1 RM-CW-2 FT-CH-1 FT-CW-2 RM-HG-1 RM-HG-2 RM-HG-3 
NO (GPMJ (GPMl ( GPMl I GPHl (CFMJ (CFMl ICFMl 

TEST 
NO 

5.1.2. 1 
5.12. 2 
5-12.  3 
5.12. 4 
5.12. 5 

5.12. b 
5.12. 7 
5.12. 8 
5.12. 9 
5.12.10 

5.12.11 
5.12.12 
5.12.13 
5.12.14 
5.12.15 



TABLE X V I I  (Contd.1 

BYPASS FLOW TEST GROUP 5 . 1 2  

EXPERIMENTAL MEASURMENTS FOR TESTS 5.12.1 TO 5.12.16'--. 0.53-IN. OOWMCOMER CAP 

' TEST P-CK-1 P-CY-2 P - H C - I  P-HC-2 P-HC-3 TF-CW-1 TF-HI;-I TF-HC-2 TF-HC-3 P-BAR0 
NO ( P S I G )  I P S I C )  ( P S I  C) ( P S I C )  ( P S I C )  (OEG F )  , lOEG F )  (OEC F )  lOEC F )  (PS,IA) 

LOWER -PLENUM FLOW ------------ 
TEST, I N I T I A L  F I N A L  TIME OF 

NO WEIGHT WEIGHT COLLECT I O N  
(La) I L B )  (SEC) . 

5.12. 1 181.5 ' 456.0 30.0 
5.12. 2 456.0 657.0 30.0 
5 -12 .  3 . 210.0 428.0 30.0 
5.12. 4 ,428.0 588.0 30.0 , 

5.12. 5 162.0 344.5 30.0 

BYPASS FLOW ------ 
I N I T I A L  F I N A L  TIME OF 
YE IGHT WEIGHT COLCECTION 

( L a 1  L L 8 )  ( S E C I  . 

LOWER 
PLENUM P-LP-1 TF-LP-I  
LEVEL ( P S I C )  (OEC F )  

( I N 1  

TEST RM-CC-I RM-CC-2 FT-CC- I  P-CC-I P-CC-2 TF-CC-1 T F - C C 2  
NO (CFMI ~ C F M )  ( C F M I  ( P S I C )  ( P S I C )  (OEG F )  (DEC F l  



TABLE XVII (Contd.) 

BYPASS now TEST GROUP 5.12 

EXPERIMENTAL MEASURMENTS FOR TESTS 5.12.1 TO 5 .12 .16  - 0 .53 - IN .  WYNCOMER CAP 

TEST RCI-CC-1 RM-CC-2 FT-CC-1 P -CC-1  P-CG-2 TF-CC-1 TF-CC-2 
NO ( C F M I  (CFMJ (CFM 1 ( P S I C I  ( P S I G I  (DEC F l  I O E C  F )  



TABLE XV.111 

BYPASS FLOW TEST GROUP 5 .15  

TRANSPARENT VESSEL 'TEST DATA FOR TESTS 5-19 .1  TO 5 .15 .  6 -- 0.53-IN..OOWNCClMER GAP 

SUMMARY OF CALCULAT.EO RESULTS 

T E S T  OOWKOMER OOWNCOMER LOWER PLENUM COLD L E G  
N!l A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R * F L O H  

l L B / S E C )  l L B / F T * * 3 )  1 P S I A )  l L B / S E C )  

OOWNCOMER H,ATER FLOW J - 4 1 R  
WATER FLOW C O N T I N U I T Y  OOWNCClYER 

l L B / S E C )  ( f T / S E C )  



TABLE XVII (Contd.) 

BYPASS .FLOW TEST GROUP 5 .15  

EXPERI!IENTAL !4EASURMENTS FOR TESTS 5.15.1 TO 5.15. 6 -- 0.53-IN. DOWVCOMER GhP 

TEST P-CW-1 PXW-2 P-HG-1 . P-'nG-2 P-HG-3 TF-CY-1 TF-HC-1 TF-HG-2 TF-HT-3 P-BAR0 
NO (PSIS)  (PSIGJ (PSIGI  (PSIGI (PSIG) (OEG FJ IOEG F )  (OEG F )  (OEG F J  (PSIA I  

5.15. 1 J. 0 0.0 0.0 0.0 0 .O 47.5 0.3 0.0 0.0 12.3 
5.15. 2 9.5 0.0 0 .'O 0.0 0.0 50.0 79.0 0.0 78.0 12.3 
5.15. 3 0.0 0.0 0.0 0.0 0 .O 48.0 J.0 0.0 0.0 12.3 
5.15. 4 .).2 0.0 9.5 0.0 0.0 48.0 0.0 0.0 0.0 12.3 
5.15. 5 J. 0 0.0 0.0 0.0 0.0 . 41.5 0.0 0.0 0.0 12.3 

COWER PLENUM FLOW BYPASS FLOW -------------------------- ........................... LOWER 
TEST I N I T I A L  FINAL TIME OF I N i T l A L  FINAL TIYE OF PLENUM 

NO HEIGHT WEIGHT COLLECTICK WE lGHT WEIGHT COLLECTION LEVEL 
(La )  (La )  ISECI (LBJ ( L 8 )  (SECJ ( I N )  



.TABI;E X V I I  (Contd.) 

BYPASS now TEST GROUP 5.15 
. . . . . . 

EXPERINNT.AL HEASURMENTS FOR TE'STS 5 . 1 5 . 1  T O  5 . 1 5 .  6 -- 0 . 5 3 - I N .  'DOWNCOMER 5 4 P  

T E S T  RM-CG-1 RPbC(;Z FT-CG-1 P-CG-,1 P-CG-Z TF-CG-1 TF-CG-2 
N O  . ( C F M l  (CF?o (CFW) I P S I G )  . 1,P'SIG) ( C E G  F )  ( D E G  F )  



TABLE X I X  

BYPASS FLOW TEST GROUP,9.5 

TRANSPARENT VESSEL TEST DATA FOR TESTS 9 .5 .1  10 9.5.10 -- 1 .58 - IN .  DOWNCOMER CAP 

SUMNARY OF CALCULATED RESULTS 

T E S T  
NO 

OYdNCOl4ER .OCWNCORER LOWER PLENUM COLD L E G  OOWNCOMER HATER FLOU J -A IR  
A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  OOWNCOMEP 
( L B I S E C  I ( L B / F T * * 3 1  ( P S I A I  ( L B I S E C I  ( L B / S E C I  ( F T / S E C I  

J-WATER 
OOWNCOMER 
( F T I S E C I  



TABLE X I X  (Contd.) 

I 

BYPASS n o w  TEST GROUP 9.5 
. . .. . . 

. . 
EXPERIMENTAL MEASURMENTS FOR, TESTS 9.5.1 TO 9.5.10 -- 1.58-IN. DOWNCOMER CAP 

TEST P-CU-1 P-C W -2 P-HG-1 P-HG-2 P-HG-3 TF-CY-1 TF-HG-1 TF -HG.-2 TF-HG-3 P-BAR0 
NO ( P S I G )  ( P S I G )  I P S I G )  ( P S I G )  ( P S I G )  IDEG F )  1DkG I-) ( D E 5  F l  (DEG F I  ( P S I A )  

TEST 
NO 

LOWER PLENUM FLOW .----------------------------- 
' I N I T I A L  F I N A L  TIME OF 
r l E l i H T  WEIGHT COLLECTICN 

( L B )  ( L 8 )  I SEC) 

-------- 
I N I T I A L  
WEIGt1T 

( L 8 )  

BYPASS FLDW ...................... 
FINAL ~ i n ~  OF 
WEIGHT CULLECTION 

I t 8 1  (SEC)  a 

LOJER 
PLENUM 
LEVEL 
I I N )  

TF-LP-I 
( 3 %  F )  



TABLE XIX (Contd. ) 

BYPASS FLOW TEST GROUP 9.5 

EXPERIMENTAL MEASURMENTS FOR TESTS 9.5.1 TO 9 . 5 . 1 0  - 1.58- IN.  OOllNCOMER CAP 

TEST RM-CC-1 RM-CC-Z F T G  P-CG-1 P -CC-2  TF-CG-1 TF-CC-2 
NO I C F M )  I C F M )  ( C F R )  ( P S I G )  ( P S I G )  (DEC F )  (OEG F )  



flow on the bypass flow. Two types of tests were also performed in which the geometry of 
the upper annulus was modified' tb investigate. the effect on bypass flow of changing the 
flow path between the cold leg vessel inlet and the cpld leg vessel'outlet. For the first type 
of tests, the hot leg simulators were removed from the upper annulus to .provide a more 
direct flow path from the vessel cold leg inlet to the coid leg outlet. The purpose of these 
tests was to determine whether this unrestricted flow path resulted in additional bypass flow 
around the entrance to 'the downcbmer. Test results from these tests are   resented in Table 
XVI.  

Additional modified upper' annulus bypass flow tests were conducted in which an .. 

extension was. placed on top of the normal transparent vessel upper annulus and the entire 
core barrel was raised 10 inches. Raising the core barrel. lengthened the upper annulus region 
by 10 inches and effectively shortened the downcomer by the same amount. The hot leg 
simulators were appropriately moved on the core barrel to maint@.their position in line 
with the inlet cold leg 'and the bypa2s leg. Lengthening the upper annulus provided a larger 
upper annulus vertical cross-sectional area in which the water entering from the cold leg 
could flow more easily over the top of the hot leg simulator and thereby reach the bypass 
leg more easily than with' the shorter length upper annulus. 

The purpose of these tests was to determine whether the potential for an increased 
flow through the upper annulus region would affect the bypass flow. Test results from these 
tests are presented in Table XVII. 

Bypass flow tests were also performed to investigate the effect of the cold leg inlet 
flow velocity on the bypass flow phenomena. The cold leg flow area and, consequently, the 
velocity of the cold leg flow was varied by removing the cold leg nozzle insert at the cold leg 
inlet into the vessel and at the cold leg outlet. Removing the nozzle insert resulted in a flow 
area increase from 0.01227 ft2 to 0.03758 ft2 or about a factor of three increase. Results 
from these tests are presented in Table XVlll. 

3. MODIFIED UPPER ANNULUS GEOMETRY TESTS 

Countercurrent flow tests were performed with several different upper annulus 
configurations. The objective of these tests was to provide data that could be compared with 
the baseline countercurrent flow data to determine whether geometry differences in the 
upper annulus or changes in the upper annulus inlet fluid velocity have significant influence 
on countercurrent flow phenomena. Changes in the upper annulus geometry were 
accomplished by varying the depth (the distance from the cold leg centerline to the 
beginning of the downcomer) and the height (the distance from the cold leg centerline to 
the baffle) of the upper annulus and by removing restrictions in the flow path between the 
cold leg inlet and the vessel outlet. The velocity of the fluid entering the upper annulus from 
the cold leg inlet and leaving the upper annulus throu* the vessel cold leg outlet was varied 
by removing the cold leg nozzle inserts. The results from these countercurrent flow tests 
with a modified upper annulus are presented in Tables XX through XXVI. 



TABLE XX 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.4 

TFANSPARENT VESSEL T E S T  9 4 T A  FO?. T E S T S  5 . 4 . 1  TO 5 . 4 . 1 8  -- 0 . 5 3 - I N .  OCIWNCOMER G A P ,  

T E S T  DIIWFICClrlER 
NO A I R  FLtlW 

( C S / S E C  

!lCWYC:lYFR LOWER PLENUM C D L 9  L E G  
4 1 2  D E N S I T Y  PRESSURE A I R  FLOW 

( L H / F . T * * 3 )  ( P S I A J  l L B / S E C  J 

:mwr IcmEP.  
WATEP. FLOW 

I LB/SEC J  

YATER F L O d  
C O N T I N I J l T t  



TABLE XX. (Contd. ) 

MODIFIED UPPER ~ L U S  GEOMETRY'' TEST GROUP 5.4 

E X P E R I Y E V 4 L  YEASURMENTS F O P  T E S T S  5 . 4 . 1  1.0 5 i 4 . 1 8  -- 0 . 5 3 - I N .  IlOWNCOMER G A P  

T E S T  RM-CW-1 P.M-CW-Z FT-CW-1 FT-CW-2 'RM-HG-1 RM-HG-2 RM-HG-3 P . W H C - 4  F T - H G - 1  F T - H G - 2  
?I 0 ( GPY ) (GPt11 ( G P M )  ( C,P:.O ( C F M ) ,  ( C F M )  ( C F Y )  ( C F M )  ( C F M l  , ( C F M )  

T E S T  
N O  

P-CI4-2 
( P S I  GI 



TABLE XX (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.4 

EXPEP I ~ E N T A L  M E  ASIJRHENTS FOR T E S T S  5.4.1' TO 5.4.18 -- 0.53- IN. WWNCOMEP CAP 

TEST P-SH-1 .?-C 14-2 P-H-G-1 P-HG-2 P-HG-3 TF-CW-1 TF-HG-1 TF-HG-2 T F - H G - 3 .  P-BAR0 
N 0 ( P S I G J  ( Q S I G J  ( P S I G )  , ( P S I 5 1  ( P S I G )  4 D E G  F J  ( D E G  F )  ( D E G . F )  ( C E C  F )  ( P S I & )  

LOWER PLENUM FLOW B Y P A S S  FLOW ............................ ............................. LOWER . 
T E S T  I N I T I A L  F l hl A L T I M E  n F  I N I T I A L  F INAL T I Y F  OF PLENUM P - L P - 1  . T F - L C - 1  

N O !JE I G H T  WEIGHT C O L L E C T I C Y  ' WE I G H T  , WEIGHT C O L L E C T I O N  L E V E L  ( P S I C I  I D E G  F t  
( L S  1 ( L B )  ( SEC 1 ( L B t  I L D )  ( S E C t  ( I N )  



TABLE XXI 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.8 

TP,ANSPAP.ENT VESSEL TEST D A T 4  FOR T E S T S  5.8.1 T!) 5 . 8 .  9 -- 0 . 5 3 - I Y .  0'3WYCOYER GAP 

T E S T  DOWNCOYER D~l':JYC;~t4ER LCJUCP PLEN'JM COLD L E G  DOWNCOMER WATFP FLOW J-A1 R  J-!i&TFR . 
N 0 A I R  FLOW A I R  D E U S I T Y  PRESSURE A I R  FLOW WATER FL!IU C O t l T l N U I T Y  O?WNC,O?lER D9HYCOMER 

. ( L B / S E C )  ( L B / F T * * 3 )  ( P S I A I  ( L B / S E C )  ( L S / S E C l  ( F T / S E C I  ( F T I S E C )  



TABLE X X I  (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.8 

EXPERIMENTAL YEASURMENTS FOR TESTS 5-8.1 T O  5.8. 9 - 0.53-IN. )OWNCOMER GAP 

TEST RM-CW-1 RY-CW-2 FT-CW-1 FT-CW-2 RM-HG-1 RM-HG-2 RM-HG-3 
NO (GPM) (GPMI (CPMI  (GPM) (CFM)  (CFM I (.CFM 

TEST 
NO 

L9WER PLENUM FLOW BYPASS FL9W ............................. ............................. LOWER 
TEST I W l T I A L  F I N P L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLEIJUY P-LP-1  TC-LP-1  

NU 'AEISHT UEIGHT C n L L E C T l C N  WEIGHT WEIGt1T COLLECT'ION LEVEL ' ( P S I C )  (OEG F )  
( L 9  ( L R )  (SEC)  ( L B )  ( L H I  ( S E C )  . ( I b I I .  

29.0 
30.0 
30.5 
30.0 
30.0 

60.0 
1 so. 0 
120.0 
120.0 



TABLE =I1 

MOD.IFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.10 

TRANSPARENT VESSEL TEST DATA FOR T E S T S  5 . 1 0 . 1  TO 5 . 1 3 .  9 -- 0.,53-IN.  OOUNCONER GAP 

SUMHARV OF CALCULATED RESULTS 

T E S T  DOWNCOYER DOWNCOYER LOWER PLEhUH CCLO L E G  DOWNCOMER WATER FLOW J - A I R  
N 0 A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLUH MATER FLOW C O N T I N U I T Y  DJWNCUMER 

( L B / S E C )  l L B / F T * * 3 )  ( P S I 4 1  I L B / S E C )  ( L B / S E C )  1 F T / S E C  1 

J-WATER 
ODUNCnMER 
( F T / S E C )  



TABLE XXII  (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.10 

E X P E R I M E N T A L  MEASURMENTS FOR T E S T S  5.10.1 TO 5.10.'9 -- 0.53-IN. DOWNCOMER GAP 

TEST' RM-CW-1 RH-CW-2 FT-CW-1 FT-CW-2 RM-HG-1 RM-HG-2 RH-HC-3 RY-HG-4 
NO ( G P M I  ( GPM ) ( G P M l  (GPMJ ( C F M J  ' ( C F r )  (CFMJ ( C F M I  

TEST P-c W-1 
NO . ( P S I G )  

P-C W-2 
( P S I G )  

0.0 
. 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

LOWER PLENUM FLOW B Y P A S S  FLOW .............................. ............................... LOWER 
T E S T  I N I T I A L  F t h l A L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLEN'JM P-L P- 1 

N Cl  WE I GtIT WEIGHT C O L L E C T I G N  WEIGHT WEIGHT C O L L E C T I O N  L E V E L  ( P S I G )  
( L 8 )  ( L B J  ( SEC I ( L a 1  ( L B I  ( S E C )  ( I N )  



TABLE X X I I I  

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.13 

WANSPARENT VESSEL .TEST OATiA FOR TESTS 5.13.1 TO '5.13. 14 - 0.53-IN. 'DOWNCOMER GAP 

SUMMARY OF C ALCUL'AQED RESULTS 

TEST  DOWNCOYER OOWNCOMER 'LOWER PLENUM COLD L E G  DOWNCOMER WAf  ER  .ELOW J - A 1  R J-WATER (;IG*')**1/2 I ~ ~ * 1 * * 1 / 2  
N 0 A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW ,CONTINUI-TY DOWNCONER OOYN~OMER 

( L B / S E C )  l L 8 / F T * * 3 )  ( P S I  A) . ( LB /SEC)  ( L B / S E C )  ( FT /SEC)  (FT/ 'SEC) 



TABLE XXIII (Contd.1 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5.13 

E X P E R I M E N T A L  MEASURMENTS FOR T E S T S  5.13.1 T O  5.13.14 -- 0.53-IN. 00HNCO,'4ER GAP 

'TEST RM-CW-1 RM-CW-2 FT-CW-1 F T - C H - 2  RM-HG-1 RM-HG-2 RM-HG-3 RM-HG-4 
NO ( G P M I  (GPM I ( G P M I  ( G P M I  ( C F M )  (CFMJ ICFYI (CF?o 

T E S T  P-CW-1 P-C Y-2 P-HG-1 P-HG-2 P-HG-3 .TF-Ch- 1 TF-HG-1 TF-HG-2 
NO ( P S I 6 1  ( P S I G )  ( P S I G I  ( P S I G )  ( P S I G I  ( O E O  F l  IDEG F )  ( 3 E G  F l  



TABLE X X I I I  (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 5 .13  

EXPERlr(ENT1L MEASURMENTS FOR TESTS '5.'13.1 1.0 '5.13.14 -- 00'53-IN. OOWNCOMER CAP 

LOWER PLENUM FLOW BYPASS FLOW ............................... ----------------------------- LOHER 
TEST INITIAL FINAL T IME OF INITIAL FINAL TIME OF PLENUM 

NO WE ICHT WEIGHT COLLECT ION WE ICHT WEIGHT 'COL'LECTION LEVEL 
i (L8) l L 8 )  ( SEC ) ( L E I  ( L 81 (SEC) ( I N )  



TABLE XXIV 
? 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 6.2 

- - 

TPAPISPARENT VESSEL T E S T  D 4 T A  FOP. T E S T S  6 . 2 . 1  Tr) 6 . 2 . 1 7  -- 0 . 6 3 - I b l .  M W N C O Y E S  GAP 

SUMMARY OF CALC!JLATED R E S U L T S  

T E S T  CI'IVNC0:IF.R DTWNCOYER LOWER PLENUM COLD L E G  3DWNCCYER WATER FLOW J - A I R  J-HATER ( J G * ) * * l / Z  ( J L * l * * l f 2  
NO A1 R FLOW A I P .  D E Y S I T Y  PRESSURE A I R  FLOW HATER FLOW CONT I N J  I T Y  DOWNCOMEP. DOHPICOMER 

I L R / S E C I  1 L 9 / C T * * 3 )  ( P S I & )  ( L R / S E C )  ( L B / S E C )  ( . F T / S E C I  ( F T / S C C l  



TABLE XXIV (Contd. ) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 6 . 2  

EXPERI!IENTAL MFASURHENTS FOR TESTS 6.2.1 TO 6 - 2 - 1 7  +- 0.63-IN. OOWNCOMEU GAP 

TEST ' RM-CU-1 R'l-CW-2 FT-CW-1 FT-CW-2 RM-HC-1 4M-HG-2 RY-HG-3 RM-HG-4 FT-HG-1 FT-HG-2 
NO (GPYJ ('GPVJ (GPM) , ( GPM J (CFM) (CFMJ (CF!i) ICFM) ( C c # )  (CFM) 

6.2. 6 30.0 10.0 0.0 0.0 0 .O 35.00 0.0 0.0 0.0 0.0 
6.2. 7 30.0 10.0 0.0 0.0 0 .O 35.00 0.0 I). 0 0.0 0.0 
6.2. 8 30.0 10 .O 0.0 0.0 0.0 40.00 0.0 0.0 0.0 0.0 
6.2. 9 32.0 0.0 0.0 3.0 0.0 60 .'OO 0.0 0.0 0.0 0.0 
6 - 2 - 1 0  3'1.0 0.0 0.0 0.0 0.0 40.00 0.0 0.0 0.0 0.0 

TEST P-CV-1 P-C W-2 . P-HC-1 P-HG-2 P-HG-3 TF-CW-1 TF-HrS-1 TF-HG-2 TF-HG-3 P-BAR0 
NO (PSIGJ IPSIGJ (PSI  G) (PSIG) (PSIG) ( D E G  F)  (DEG FJ ( 3 E C  FJ (OES FJ, ' IPSIAJ 



TABLE XXIV (Contd. ) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 6 . 2  

EXPEP.I'.tENT4L YEASURMEMT$ FOR TESTS 6.2.1 TO 6.2.17 -- 0.63-IN. 9QWNCOnER GAP 

TEST P-CW-1 P-CH-2 P-HG-1 P-HC-2 P-HG-3 TF-CH- L TF-HG- 1 TF-HG-2 TF-HG-3 P-BAR? 
NO ( P S I G I  ( P S I G J  ( P S I G )  ( P S I G I  ( P S I G )  IDEC FI (DEG F) I q E G  F )  IDFG F )  ( P S I A I  

TEST 
. NO 

LOWCP. PLTNIJM FLOW -- ------ - -------- - ------- ------ 
I * J I T I A L  F l ? ! A L  T I M E  OF 
HF ICHT WFIGHT COLLECTION 

( L O )  ( L B I  ( SEC) 

BYPASS FLOW ............................. 
I N I T I A L  F I N A L  TIPIE OF 
WE IGHT HEIGHT COLLECTION 

( L B I  ( L a )  I S E C I  

LOWER 
PLENUM 
LEVEL 

( I N )  



.TABLE,XXV 
. .. . . 

MODJFJED. U P P E R  . @ U L U S .  . G E O F T R Y  , T E S T :  .GROUP 9 . 2  .- I* , . . 

SUYY 4RY. O F  t4,LCFllLAT ED. R E S U L T S  

T E S T  DOCINCOVER 1CWKt')YCR L9WER P L E N U Y  . C O L D .  LEG , OOWNCOYER .HATER,qFCOW J-AIR J-WATER . I J C * ) * * 1 / 2  ( J L + ) * * l / 2  
FJ 0 A I R  FLIIW .AX?, D E N S I T Y  ,PP.ESSUP.E A I R  F L O W  ..WATSR FLOW ' G ~ f i ~ ~ , ~ z ~ i i ; T ~  O.O,UNCC)MER ,D,?WYC9HEP. 

ILRISEC) , ! L ~ / F T * * ~ )  (PSIA) . ( i 9 i ! s j ~ c )  (L'SISEC) ( E T / S F C )  . ( F T / S E C )  



TABLE XXV (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TE.ST GROUP 9 .2  

E X P E R I Y E N T A L  MEASURMENTS FOR T E S T S  9.2.1 TO 9.2. 5 -- .1.58-IN. DOUNCOMER GAP 

TEST RM-CW-1 RM-CW-2 FT-CU-1 FT-CU-2 RM-HG-1 .RM-HG-2 RM-HG-3 RM-HG-4 FT-HG-1  FT-HG-2  
NO ( GPM '( GPY)  ( GPM) (GPM) I CFM) 4 C F M )  I CFM) ( C F r J  ( C F M I  (CFMI 

TEST P-cN-1 P-CW-2 P-HG-1 P-HG-2 P-HG-3 T F - C W - 1 '  TF-HG-1  T F - H t - 2  TF-HG-3 P-BAR0 
NO ( P S I G )  ( P S I G J  ( P S I G J  ( P S I G I  ( P S I G )  ( D E G  F I  (DEG F I  (DEG F )  (OEG F I  ( P S I 4 1  

LOWER PLENUM FLOW B Y P A S S  FLOW ............................ .............................. LOWER 
T E S T  I N I T I A L  F I ? l A L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLENUM P - L P - 1  T F - L P - 1  

N 0 '4F I rJHT $dEI CHT C D L L E C T T C N  WEIGHT WEIGHT C O L L E C T l O N  L E V E L  ( P S I G J  (DEG F )  
( L a  ( L.D I ( SEC) ( L B J  ( L B I  ( S E C J  ( I N )  



TABLE XXVZ . . .  

MOD-IFIED UPPER -US ~. GKOWTRY TEST GROUP 9.6 

. , ~ ,~ . . -.. - *  . 
TRANSP.ARENT V F S S F L  TES,T 0 4 1 4  FOR T E S T S  9 . 6 . 1  l.2 9,.6. 6 5- 1.58;IN,- DOUNCONEW GAP 

SUYblARY ,IF C I L C U L A T E D  RESULTS 

T E S T  '3OHNCOYEF. JOV,NCnYER L0,WFR. PLENUM COLD L E C  D O W N C O ~ E F  H,ATrEQ EL@V J-AI'R J-WATER I J G * ) * * 1 / 2  I J L * ) * * 1 / 2  
NO A I P  FLgW A I R .  Q E Y S I T Y  ' -YRESSURE A I P .  FLOW. WATER F ~ O W  ?I~N;T'IN.u.I:JY DOWN.COMEP 09WNCnMER 

I LB/SEC')  t L D / F . T * * 3 1  ( P S I ,  J )  (LBLS,EG? I LB!.S EC 1, CFS/SECJ I F T I S E C I  



TABLE XXVI (Contd.) 

MODIFIED UPPER ANNULUS GEOMETRY TEST GROUP 9.6 

E X P E R I Y E N T A L  ME4SURMENTS ,FOR T E S T S  9.6.1 T O  9.6. 6 -- 1.58-IN. OOWNCOMER GAP 

TEST RM-CW-1 .RY-CW-2 FT-CW-1 FT-C+2 RM-HC-1 RM-HG-2 RM-HG-3 R 9 - H C r 4  FT-HG-1  FT-HG-2  
NO (GPMJ (GPM J (GPMJ ( GPM) ( C F N J  ' (CFMJ (CFMJ (CCMJ (CcMJ CCFM J 

TEST P-CW-1 P-C H-2 P-HG-1 P-I%-2 P-HG-3 TF-CU-1 T F - H ~ - ~  TF-HG-2 TF-HG-3 P-BAR0 
NO ( P S I G J  ( P S I C J  ( P S I G J  ( P S I C I  ( P S I G J  ( O E G  F J  ( B E G  F )  (QEG F J  (OEG F l  ( P S I A )  

LOWER PLENUM FLOW BYPASS FLOW ............................... LOWER 
TEST I N I T I I C  F I U A L  T I M E O F  I F I I T l A L  F I F l A L  T I M E  #3F PLENUM 1 TF-LP-1  

NO UEICIHT WEIGHT C O L L E C T I C N  H E I G H T  HE1 GHT C O L L E C T I O V  L E V E L  ( n s I 5 )  (OFG F )  
( L B J  ( L H I  ( S E C J  . ( L B I  ( L  B J ( S E C J  I I 3 )  



The depth of the upper annulus was changed by lowering the filler piece to  the 
bottom of the lower plenum which effectively decreased the length of the downcomer and 
increased the length of the upper annulus by about 34  inches. Tests conducted with this 
geometry are included in Test Groups 5.4 and 6.2. The geometry changes that resulted from 
increasing the height of the upper annulus, removing the hot leg simulators, and removing 
the nozzle inserts have been described in detail in the previous section on the bypass flow 
tests. 

4. SHORTENED CORE BARREL TESTS 

Tests were performed t o  investigate the effect on countercurrent flow of shortening 
the length of the downcomer. The 'downcomer was shortened from its nominal length of 
about 68 inches by shortening the length of tht: core barrel. For those tests with the 
shortened core barrel, the length of the downcomer was defined as the distance from the 
top of the downcomer filler piece to  the bottom of the core barrel; or, if a filler piece was 
not used as part of the downcomer, the length was defined as the distance from the 
centerline of the cold leg pipe to  the bottom of the core barrel. The shortened downcomers 
which used a filler piece were 34 ,24 ,  and 6 inches in length. The 34-inch downcomer length 
resulted when the core barrel was cut in half. The 24- and 6-inch downcomer lengths were 
based on scaling the ratio of the Semiscale core barrel diameter divided by the downcomer 
length to this same ratio for the Loss+f-Fluid-Test (LOFT) reactor system and a typical 
pressurized water reactorx(PWR), respectively. A 12-inch downcomer resulted when the core 
barrel cut for the 6-inch-length downcomer, which included a filler piece, was used in a 
downcomer configuration without a filler piece. Results from the shortened downcomer 
tests are included in Tables XXVII through XXXi. 

5. TWO-PHASE COLD LEG MIXTURE TESTS 

Tests were performed to  investigate the effect on countercurrent flow of a two-phase 
mixture entering the upper annulus through the core barrel. A range of different cold leg air 
flow rates was used in an attempt to cover the wide range of steam-water mixtures that 
could be entering the Semiscale vessel during thc ECC injection period of a blowdown test. 
The results from the two-phase cold leg mixture tests are presented in Tables XXXII 
through XXXVI. 

6. COMBINED EFFECTS TESTS 

Ten groups of tests were conducted with a combination of one or more of the 
following changes to  the system geometry or to  two-phase flow in the cold leg: downcomer 
length shortened, upper annulus depth and height changed, hot'leg simulator removed, cold 



TABLE XXVII 

SHORTENED CORE BARREL TEST GROUP 3 .1  

-TRAb!SPARENT VESSEL TEST DATA FUR TESTS 3.1.1 TO 3.1.31 -- 0.39- IN.  OOWNCOMER G4P 

SUYYAPY nF CPLCULATED RESULTS 
. . .  

J-WATER I JG*)**1/2 I J L * ) * * 1 / 2  
DOHNCOMER 
(FT/SEC) 



.,. - .  t o ( " ' \  I . . .  x':? 0?:7 fj J 9 (; f'C!:? 5!?"A1 0 ' 9 J :I 0' i +P? 9'!*).3 . . i.: ' J '  !::4+ 
,' - 1 .:;:> -. ,- 

! ;, ' ; :{ 0'0 I c X + i  0'863 . ; a " ~ +  Gw-?O;1 O 'h )?L  
( j '2S+@ :. j . 5 2  J E r J i f  

: i ' r : ~ e  ( : z 7 - ~ , > * r  .>-:.-I ,'%. , b 2  , fc  r *:1';; ; 9 " r d  ;I T S ;) ('r' . ~ 7 d , *  3'6jBl iS -. ,. a 

.-  . ".. .. . . .. ~ . .  . , % ? .  ,.- '- - C, A .: 9 e  ,$* ,-, - n '1 3 TABLE  TI (Con,td .,) . ,,, ,. ? o :  ; ( !  .qarF-+>r  

. . 
,. . 3 - ;  I *  K '  . 

s ~ d i ~ i i i i i  bo~fi BAR~EG TEST,"GROUP 3.1 

E X P E R I ~ E N T A L  ~ ~ E ~ S U K M E N T S  F ~ R  TESTS 4.-l'. i TO 3. i . 3 1  -- &39- IN'> OOWNCOMER G & P  

I . ,  
TEST 

, * 
R M - C M - ~  RH';.c!.I-z'. FT-CU-1 FT-$w-~ - 1  R M $ G ~ Z  RM-H9-3 RM-HC-4 FT'HG-1 FT-HG-2 

YO I G P M I  i G P Y )  (GP11) ( GPY I ( C F M )  ( C F M )  I C F ' 4 )  ( C W P  I C F M )  I C F M I  



TABLE hCv1.1, (Contd..~) 

- .  

EXPER I ~ E ~ T A L  !+FASU'?HENTS FOR TESTS 3.1.1 TO 3.1.31 -- 0.39-IN. DOUNCOMER GAP 

j . .  

TEST P-CW-1 6-CH-2 P-HG-1 P-HG-2 P-HG-3 1.F-CW-1 TF-HS-1 TF-H5-2 TF-HG-3 P-BARD 
NO (PSIG) (PSIC) (PSIGI  (PSIGJ ' (PSIGI  (PEG F l  (OEG F l  (9EG F )  (9EG F l  fPS14).  

3.1. 1 3.0 0.0 0.0 0.0 0 .O. 53.0 76.0 .O. 0 0.0 12.3 
3.l. 2 , 3.0 9.5 9.0 '0.0 3.3 55.0 76.0 0.0 0 .O 12.3 
3.l. 3 0.0 10.0 10.0 0.0 0.0 , 57.5 75.0 0.0 0.0 12.3 
3.1. 4 0.0 10.0 9.5 0.0 0 .,O 55.5 75.0 0.0 0.0 12.3 ' 

3.'1. 5 0.0 13.0 9.7 0.0 0.0. 55.0 74.5 0.0 0 .O 12.3 \ 



.TABLE XXVII ( C o n t d .  ) 

SHORTENED CORE BARREL TEST GROUP 3 .1  

EXPERIMENTAL MEASURMENTS FOR TESTS 3.1.1 TO 3.1.31 -- 0.39-IN. DOWNCOMER GAP 

LOWER PLENUM FLOW BYPASS FLOW ------------------------ ---------------- 
' LOWER 

TEST I N I T I A L  F INAL TIME OF I N I T I A L  F I N A L  T IME OF PLENUM 
NO YF IGHT WEIGHT COLtECTIOY WEIGHT WEIGHT COLLECTION LEVEL 

(L8J  I L B )  (SEC)  ' ILB! ( L a )  (SECJ I I N J  



TABLE WIII 

SHORTENED CORE BARREL TEST GROUP 4.4 

TRANSPARENT V E S S E L  T E S T  D A T A  FOR T E S T S  4.4.1 TO 4.4.11 -- 0.49- IN .  DCWNCOMER GAP 

SUMMARY OF C A L C U L A T E D  RESULTS 

T E S T  DOWNCWER OOHNCOYER LOWER PLENUM COLD LEG DOWNCOMER WATER PLOW J-AIR J-WATER ( J W I * * l l 2  ( J C * ) * * l l Z  
N O  A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C C I N T I N U I T Y  DOWNCOMER DOWNCOMER 

I L B / S E C )  ( L B / F T * * 3 J  I P S I A J  ( L B I  SEC 1 ( L B / S  EC 1 ( F T / S E C )  (F T / S E C )  



TABLE XXVIII (Contd.) 

SHORTENED CORE BARREL TEST GROUP 4 . 4  

EXPEI?I.YENTAL i1EASURMENTS =OR TESTS 4.4.1 TO 4.4.11 -- 0.49-IN. OOHNCOYER GAP 

TEST RU-CU-1  h4'4-CW-2 FT-CH-1 FT-CIf-2 RM-HG-1 RM-HG-2 QY-HG-3 RY-HG-4 FT-HG-1 FT-HG-2 
NO (GDV) 4 GPII 1 (GP*) (GPMJ . (CFM) (CFH) (CFY) (CFY) ,(CFMJ (CFM) 

4.4. 6 
4.4. 7 
4.4. 8 
4.4. 9 
4.4.li) 

4.4.11 

TEST 
YU 

4.4. 1 
4.4. ' 2  
4.4. 3 
4.4. 4 
4.4. 5 

4.4. h 
4.4. 7 
4.4. 3 
4.4. 9 
4.4.'1 J 

4.4.11 

0.0 
0. !I 
0.0 
0.0 
.0 .9 

,0.0 

P-C '4-2 
I.PSIT.1 

10.0 
10.0 
9.2 

10 :o 
9.0 

9.0 
10 .o 

9.7 
9.0 
9.7 

10.3 

P-HS-3 TF-CW-1 TF-HC- 1 
( P S I G )  tOEG F)  (0EG F )  



TABLE. XXVELE . . . .* . . (Cont6. . . * , . . ,  ). 

SHORTENED CORE -EL TEST.GROUP 4 .4  

EXPERIYENTAL MEASURME.NTS FOR TESTS 4.4.1 TO;4.4.11 -- 0;.,4?-,1.N. DOWNCOMER GAP 

LCIWER PLENUM FLOW BYPASS FLOW 
--------me-------------------- ------------------------------- LOWER 

TEST I N I T I A L  F  IMAL T I M E  OF I N I T I A L  FINAL TIME OF PLENUM P-LP-1 TF-L P-1 
NO WE I",HT WEIGHT COLLECTION WEIGHT, WEIGHT CO-LECTION LEVEL ( P S T G )  ' ~ O E , G  F )  

( L E I  ( L 9 ) .  I SEC 1 ( L B )  ( L E I  I S E C )  ( I N )  



TABLE XXIX 

SHORTENED CORE BARREL TEST GROUP 4 . 5  

TPANSPAQENT VESSEL T E S T  ChTA FOP. T E S T S  4 . 5 . 1  T O  4 - 5 - 1 2  -- 0 . 4 9 - I N .  DOWNCOMES GAP 

SUYYARY OF CALCULATED RESULTS 

T E S T  OOWNCOqER 9JWFIC3qER LOWER PLENUM COLD L E G  OOWNCOMER HATER FLnW J - A I R  
- Y O  . A I R  FLqW A I R  D E N S I T Y  PRESSURE A I R  FLOY WATER FLDW C O N T I N U I T Y  9OWNCOMER 

( L R / S E C )  ( L B / F T * * 3 )  . ( P S I . h J  ( L S / S E C )  ( L B / S E C )  ( F T / S E C )  



TABLE XX.U (Contd . ) 
. .. . . , . , ,  , 

SHORTENED CO%E : BARREL . : TEST:GROTP .. 4.5 

EXPERIYENTAL HEASURMENTS FOR TESTS 4.5.1 TO 4.5.12 -- 0.49-IN. DOYNCOMER GAP 

4.5. 6 29.0 I). 0 0.0 0.0 0 .O 40.00 0.0 0.0 0.0 0.0 
4.5. 7 15.0 0.0 0.0 0.0 0.0 50.00 0.0 0.0 0.0 0.0 
4.5. 8 i0.0 0 .O 0.0 0.0 70.00 0.0 0.0 0.0 0.0 0.0 
4.5. 9 5.0 0.0 0.0 0.0 90 -00 0.0 0.0 0.0 0.0 0.0 
4.5.10 5.0 0 .O 0.0 0.0 70.00 30.00 0.0 0.0 0 .O 0.0 

TEST P-CW-1 P-CW-2 P-HG-1 P-HG-2 P-HG-3 TF-CY-1 TF-HC-1 TF-HC-2 TF-HG-3 P-8ARn 
'NO (PSIGI ( P S I < )  (PSIG) (PSIG) (PSIGI (DEG F )  (DEG F )  (PEG F l  (DEG F) (PSIA I  



TABLE XXIX (Contd.) 

SHORTENED CORE BARREL TEST GROUP 4.5 

LOW59 PLENIJM "LOW BYPASS FLOW ------------------------------ ............................. LOUER 
TEST I N I T I A L :  F I N A L  T I N E  !lF I N I T I A L  F I N A L  T I M E  OF PLENUH 

PJ Cl WEIGHT 4 E I G H T  COLLECTION WEIGYT WEIGHT COLLECTION LEVEL 
I ~a ( L D )  I SEC 1 I L ~ )  IL B )  ( S F C )  I IN) 



TABLE XXX 

SHORTENED CORE BARREL TEST GROUP 4.6 

TRANSPARENT VESSEL TEST OATA FOR T E S T S  4 .6 .1  1'0 4.6.4LI -- 0 . 4 9 - I N .  OOYNCOMER G4P 

SUMMARY OF CLLCULATED RESULTS 

T E S T  DOWNCUYER QCHNCrl:IER LOWER PLCNUM CGLD LEG C)OWNCOMER HATER FLOW J - A I R  
NO A 1 9  F L g H  A I R  D E N S I T Y  PRESSURE A I R  FLnW WATER FLOW C O N T I N U I T Y  OOWNCOWEP. 

( L B I S E C I  I L B / F T * * 3 )  (PSI 4 1  ( L E I  SECI  (L%/SSCb I F T I S E C I  

J-HATER 
DOWNCOMER 
I F T I  S E C I  



TABLE XXX ( C o n t d .  1 

SHORTENED CORE BARREL TEST GROUP 4.6 

SUYHARY OF C A L C U L A T E D  R F S U L T S  FOR T E S T S  4 . 6 . 1  T O  4 . 6 . 4 8  -- J . 4 9  IY. 03WW,OMER G A P  

T E S T  3'3HMCOYEP 7r) 'dNCI'YFR L n U E Q  P L E N U H  COLD L E G  0r)WVltDYER H A T E R  FLOW J - A 1 3  J-HATER l J G * l * * t l 2  l J L * ) * * l I Z  
NO A I D  cC7W h1R 0 E t I S I T Y  P R E S S U P E  A I R  FLOW WATFR FLOW C : I N T I N U I T Y  9OWNCnflEP. 09'.4?JC!lflER 

I L B I S E C I  l L 3 I C T * * 3 1  I f ' S l A I  I L B / S E C I  I L H I S E t I  I F T I S E C I  I F T I S ' C I  



TABLE XXX (Contd.) 

SHORTENED CORE BARREL TEST GROUP 4 . 6  

EXPERI'IENTAL ME4SURMENTS FOR TESTS 4.6.'1 TO 4 . 6 . 4 8  --. 0.49-IN. OCIWNCOMER CAP 

TEST 
Y 0 

4 . 6 .  1  
4 . 6 .  2  
4 . 6 .  3 
4 . 6 .  4  
4 . 6 .  5 

4 . 6 .  6  
4 . 6 .  7 
4 . 6 .  .8 
4 . 6 .  9 
4 . 6 . l J  

4 . 6 . 1 1  
4 . 6 . 1 2  
4 . 6 . 1 3  
4 . 6 . 1 4  
4 . 6 . 1 5  

FT-CW-I 
I G P Y )  

0.0 
0.0 
0 .o 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 



TABLE XXX ( C o n t d  . ) 
SHORTENED CORE BARREL TEST GROUP 4.6 

EXoCRI'iFFITAL '~EASIJRI4E?ITS F O P  TESTS 4.6.1 T 7  4.6.48 -- 0.,49-IN. DOWNCOYER CA? 

TEST RY-5'4-1 0 ' -  FT-CU-1 FT-CW-2 RPI-HG-1 RM-YG-2 RMTHS-3 RY-HG-'1 FT-HG-1 FT-HG-2 
N9 I GPMI I GP!4 I ( GPMI ( G P Y I  ( C F Y I  ( C F H I  ( C F ' 4 1  (CFM) (CFY) (CFM) 

4.6.41 
4.6.42 
4.6.43 
4.6.44 
4.6.45 

4.6.Ch 
4.6.47 
4.6.48 

TEST 
NO 

4.6. 1 
4.6. 2 
4.6. 3 
4.5. 4 
4.6. 5 

4.6. 6 
4.6. 7 
4.6. '3 
4.6. Q 

4.6.10 

4.6.11 
4.6.12 
4.6.13 
4.6.14 
4.h.15 

4.6.16 
4.6.17 
4.5.18 
4 - 6 - 1 7  
4.6.29 

4.6.21 
4.6.22 
4.6.23 
4.6.24 
4.6.45 

0.0 
J.0 
0.0 
3.0 
0.0 

0.0 
0.0 
0.0 

TF-HC- 1 
IDEG F )  

74.0 
74.0 
76.0 
77.0 
77.0 

76.0 
76.0 
76.0 
70.0 
82.0 

85.0 
90.5 
85.0 
79.5 
81.5 

99.0 
106.5 
102.5 
99.0 
97.5 

95.8 
94.5 
90.5 
86.5 
86.9 



TABLE XXX (Contd. ) 

SHORTENED CORE BARREL TEST GROUP 4.6 

EX?ERIYENTAL MEASOJRMENTS FOR TESTS 4.6.1 TO 4 - 6 - 4 8  -" 0.49-IN. DOWNCOMER GAD 

TEST P-Cg-1 0-C#-2 P-HG-1 P-HG-2 P- l i t -3  TF-CU- 1 TF-HG-1 TF-HG-2 TF-HG-3 P-BAR0 
YO ( P S I G l  I P S I G )  . ( P S I G )  ( ? S I C )  ( P S I C )  (OEG F l  IOEG F )  (DEG F )  (OEG F )  ( P S I A )  

TEST 
C I  0 

I N I T I A L  
HE 1';IIT 

I L Y )  

132.B 
197.0 
26?.8 
330.5 
432.3 

133.3 
202.0 
260.3 
3Jl.i) 
347.3 

F I N A L  TIME OF 
H=IGI,T COLLECT I C W  

( L 8 )  ( SEC) 

199.0 20.0 
262.8 20.0 
33.6.5 20.0 
432.3 20.0 
524.3 20.0 

202.0 25.1) 
260.3 25.0 
3 0 1  - 0  30.0 
341.3 35.0 
418.5 45.0 

LOWER DLENUH FLOW BYPASS FLI3H 

F I N A L  
WEIGHT 

( L 8 1  

194.0 
2 4 1  .O 
267 - 0  
3 0 2  .O 
327.8 

1 2 1  .O 
147.0 
196.0 
189.0 
198.5. 

T IYE OF 
CPLLECT ION 

(SFC) 

LOWER 
PCEYCIM 
LEVEL 

( I N )  

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
12'. 9 
12.0 
12.0 



TABLE XXX ( C o n t d .  ) 

SHORTENED CORE BARREL TEST GROUP 4 . 6  
--  

EXPEP.I:!E!ITfiL Y E ~ S I J R M E Y T S  Fflq TESTS 4.6.1 TO 4 .6 .48  -- 0.49-1 '4 .  O(l!irUCOYER GAP 

L C H V  PLENU'q 'LCW RYPASS FLOH 
---,- - - - ---  ------ ------ ---- ----- --------------r-------------- LCIUEF. 

TEST I N I T I A L  F I N A L  T l Y E  !lF I P J I T I 4 L  F l ? l A L  T I M E  9 F  PLEYIJY 
'I C !JE I!;HT WElCHT COLLECTICN HEIGHT HF lGHT COLL.ECTION LE'JEL 

( L D I  ( L D I  I SEC 1 ( L a  I ( L  9 1  ( S 5 C l  ( 1 9 1  



TABLE XXXI 

SHORTENED CORE BARREL TEST GROUP 8.1 
- - .. .. . . . . . .  .., 
Ti ihZlSpARENT V E S S E L  T E S T  n A T A  F(IR T E S T S  8 . 1 . 1  Tr! 8 . 1 . 6 0  -- 1.45-1'4. O f l w t l C l W R  GhP 

SVYYARY OF CALC'JLATE'I RES'JLTS 

T E S T  O' IHLICIYEQ ?'3!JNC3YER L 0 4 5 R  P L E R U Y  COLD L E G  ~ O H N C O M E R  WATEQ F L O H  J - A I R  J-WATFR I J 6 * 1 * * 1 / 2  I J L * I * * L I Z  
'40 4 1 5  cL3W A I R  D E h l S l T Y  P R E S S U P E  A 1 4  FLOW WATEP FLOrl  C O N T I N U I T Y  39WNCOt4EP , ?OHNCflYER 

I L 3 I S ' C J  l L R I c T * * 3 J  I P S l A I  I L B / S E C J  I L 3 I S E C I  I F T I S E C I  I F T I S F C I  



TABLE XXXI ( C o n t d  . ) 
SHORTENED CORE BARREL TEST GROUP 8 . 1  

SUMMARY OF CALCULATED RESULTS FOR TESTS 8 .1 .1  TO 8 . 1 . 6 0  -- 1 . 4 5  I N .  DOWNCOMER CAP 

T E S T  0'3WNCONER 00WNCOr(ER LOWER PLENUM COLD LEG DOWNCOMER WATER FLOW J -A IR  J-WATFR 
YO P I P .  FL'lW A I R  OEtdSITY PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  DnWNCO%ER D9HNCOMER 

( L B / S E C )  ( L B / F T * * 3 )  ( P S I A )  I L B I S E C )  t L 8 / S E C I  I F T I S E C )  ( F T / S E C )  



TABLE XXXI (Contd. ) 

SHORTENED CORE BARREL TEST GROUP 8..1 

EXPERl'lFllr4L NEAS?ISItEI'4TS =0Q T E S T S  8.1.1 TO 8.1.60 -- 1.45-IN. OOHN30YER G A P  . 

F T-H 6- 1 
( C F Y )  

63-46  
63 -46  
63.46 
63.46 
63.46 

63.46 
63.46 
63.46 
63.46 
56-03 

56;03 
56.03 
5h.03 
56.03 
56.03 

56.03 
6 3 - 4 6  
56.03 
56.03 
56 -03 

56.03 
56.03 
81 -67 
91.67 
81.67 

81  -67 
81.67 
91-67 
56 -03 
56.03 

56 -03 
A1 -67 
44.23 
44.23 
44.23 

44.23 
44.23 
44.23 
29.49 
29 -49 



TABLE XXXI (Contd.) 

SHORTENED CORE BARREL'TEST GROUP 8.1 

EXPERIYENTIL MEASURMEYTS FOR TESTS 8.1.1 Tfl 8.1.60 -- 1.45-IN. OOWNCOMER GAP 

FT-HG-I 
lCF?( I  

8.1.46 1.0 0.0 0.0 45.0 0.0 0.0 0.0 
8.1.47 9.0 i). r) 0.0 45.0 0 .O 0.0 0.0 
8.1.48 3.0 0.0 0.0 . 50.0 0.0 0.0 0.0 
9.1.49 3.0 J.0 0.0 40.0 0.0 0.0 0.0 
8.1.50 J.0 3 .O 60.0 0.0 0.0 0.0 0.0 

TEST 
. PI0 

P-HG-3 
IPS lr , )  



TABLE XXXI (Contd 

SHORTENED-CORE BARREL TEST GROU? 8.1 
I 

. . . . ~ . .  

EXPEQ1: IFNTAL ! 4 E i S U R N E N T S  FClA T E S T S  8 .1 .1 '  T O  3 . 1 . 0 0  -- 1 . 4 5 - I N .  OOWYC0'4EP G A P  

T E S T  0-CP-1 P-C W - I  P-HG-1 P-'iG-2 P-HC-3 TF-CW-1 TF-HG- I TF-HG-2 TF-HG-3 P-B&RO 
NO I P S I G )  I P S I G I  I P S I G )  ( O S I G )  I P S I G I  IOE'I; F I  I D E G  F J  1 9 F 5  F )  . l O E t  F J  I P S I A I  



TABLE XXXI (Contd.) 

SHORTENED CORE BARREL TEST GROUP 8.1 

E X P E ' R I ~ E H T A L  M E A S U R H E N T S  F O R  T E S T S  8.1.1 T O  8.1.60 -- 1.45-IN. DOWNCOMER G A P  

T E S T  P-CH-1 D - C S - 2  P - H G - 1  P-HG-2 P-HG-3 TF-CW-1 T F - H S - 1  
tJ0 (PS!G)  ( P S I P J I  ( P S I G )  I P S I G )  I P S I G I  I D E G F I  ( O E G F )  

LOWER OLENIJY FLOW B Y P A S S  FL'IW ............................ ........................... LOUEQ 
T ? S T  I N I T I P L  F 1:IAC T I M E  O F  I N I T I A L  F I P I A L  T I Y E  OF PLEYU!l 

N 0 dE!GHT q F I G H T  C O L L E C T I C Y  W E I G H T  H E I G H T  C I L L E C T I O N  L E V E L  
( C R )  l L 3 1  ( SEC 1 ( L R )  ( L a )  I S C C I  I I Y )  



TABLE XXXI (Contd.) 

SHORTENED CORE BARREL TEST GROUP 8.1 

. - 
EXPEPI ' ICPIT4L :4E4SURHENTS FOR TESTS 8.1.1 1 0  9.L.hO -- 1.45-IN. DOUNCOYEP. G.$P 

TEST 
PI0 

LCUER PLFNVH ------------------- 
I N I T I A L  F I N A L  
UF IG t lT  !4EIGHT 

I L 7 1  l L 9 l  

237.5 306.5 
336.5 379.5 
141.5 182.5 
lR2.5 278.0 
278.0 410.5 

141.5 238.0 
238.0 .274.5 
214.5 463.g , 

16j.5 369.0 
141.5 330.5 

FLOW . ------------ 
T l M F  OF 

COLLECT I C N  
I SEC I 

60.0 
60.0 
60.0 
30.0 
40.0 

30.0 
60.0 
25.0 
30.0 
30.0 

BYPASS FLOW 

I N I T I A L  
WE 1  GYT 

l L 9 1  

T I M E  OF 
C O L L E C T I O N  

I S E C I  

Ll lUER 
PLENUM 
LEVEL 
I I N )  



TABLE XXXII 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1.3 

T R I N S P A R E N T  VESSEL  TEST  D A T A  FOR T E S T S  1.3.1 TO 1.,3.65 -- 0.35-IN. OOWNCOMER GAP 

SUYYARY OF C I L C U L A T E O  RESULTS 

T E S T  OOWYCO3ER 3Sv4!4C3MER LOWER PLENUM COLD L E G  OOWNCOMER HATEP FLOW J - A I R  
NO A I R  FLl'JW A I R  OE? IS ITY  PRESSURE A I R  FLOW WATER FLOW ' C O N T I N U I T Y  OOWNC.03ER 

I L B I S E C )  I L B / F T * * 3 1  ( P S I P I  ( L B / S E C I  ( L B I S E C )  I F T I S E C )  

J-WATER 
@DW?JCOMER 
I F T I S E C )  

I JG* 1 * * 1 / 2  1 ' 3 1 * ) * * 1 / 2  



TABLE XXXII (Contd..) 

TWO-PHASE COW LEO YIXTLTRE TEST GROUP .1,3 
.. -. 

S U Y q A R Y  ClE CALCIJLATFC R E S U L T S  FOR T E S T S  1 . 3 . 1  T O  1 . 3 . 6 5  --- 0 . 3 5  1'4. nOWNCO'4ER GAP 

T E S T  DO'dFICDI(ER 
N 3  A I R  F L a W  

1 L R / S i C  I 

~ . : W N C O Y E ~  L O W E R  PLENUM c o L n  L = G  
A I R  O E P I S I T Y  DRESSURE A I R  FLOW 

1 L B / F T * * 3  I I P S I A )  I L S / S E C J  

J-A I D  J-HATER 
0 0 H N C 7 r l E R  
I F T I S E C )  

DnWNCnYER 
I F T I S F C I  



TABLE XMII  (Contd. ) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1.3 
~ - ~ 

EXPER134ENTAL. YEASURMENTS FOR TESTS 1.3.1 TO 1-3 -65  -- 0.35-IN. DOWNCOMER GAP 

FT-HG- 1 FT-HG-2 
ICFMI I CF Y.1 

TEST 
NO 

RM-HC-I 
(CFMI 

0.0 
0.0 
0.0 
0.0 
0 .o 

0 .o 
0.0 
0.0 
0.0 
0.0 

0.0. 
0 , o  
0 .0 
0.0 
0.0 

R M- HG- 3 
, I CF'i) 

20.00 
20.00 
20.00 
20.00 
20.00 

20.00 
20.00 
20.00 
20.00 

, 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 



TABLE XXXII (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST GELOUP 1.3 
. . . . 

E X D E E I ' I E N T A L  '4EASURHCNT5 F 0 9  T E S T S  1 .3 .1  1 0  1 .3 . i r5  -- 0 . 3 5 - I N .  DOWNCOMER GAP 

TEST RM-Ci.1-1 RM-CU-2 FT-CW-1 FT-C+2 RY-HI;-1 ' RY-HG-2 PM-HG-3 sM-HG-4 FT-HG-1 FT-HI;-2 
!I0 ICP'41 (GPM 1 ( G P Y I -  ( G P ~ ~ I  I C F H I  i c c n l  I C F Y I  ( C c M i  (Cc!41 (CFMI  



TABLE XXXII  ( C o n t d .  ) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1 . 3  

EXPERIHEFITAL YEASURMENTS FOR TESTS 1.3.1 TO 1 - 3 - 6 5  -- 0 . 3 5 - I N .  DOWNCOMER GAP 

TEST P-CH-1 P-CW-2 P-HG-1 P-HG-2 P-HG-3 TF-CW-1, TF-HG-1 
NO I P S I  G I  ( P S I G I  ( P S I G I  ( P S I G )  I P S I G )  I D E G  F )  IDEG F I  

TF-HG-2 TF-HG-3 
( O E 4  F )  IOEG F I  



TABLE XXXII (Con td  . ) 
TWO-PHASE COLD LEG MIXTURE TEST GROUP 1.3 

- - - .  
EXPERIr4CFITAL YF4SURMENTS FOR T ~ S T S  1.3.1 TO 1.3.65 -- 0.35-1 N. CIOHNCflMF? GAP * 

TEST P-CW-1 0-CV-2 P-HG-1 P-HC-2 . P-HC-3 T F - ~ i - 1  TF - H t - 1  TF-HG-2 
:I0 I P S l C l  I P S I G J  I P S l G l  I P S I G I  ( P S I G I  I'JEC F l  ' I O f G  F 1 ( O E G  F l  

1.3.46 J. 0 10.7 10.5 0.0 0.0 55.0 79.0 0.0 
1.3.47 d.0 10.2 10.0 0.0 0.0 56.0 79.0 0.0 
1.3.Ittl 0.3 12.2 10.5 0.0 0 - 0  54.0 80.0 ?.9 
1.3.47 J.3 14.3 10.7 0.0 0.0 54.0 81.0 0.0 
1.3.53 3.0 13.2 11.2 0.0 0.0 55.0 81.0 0.0 

L IHFR PLENdM FL'YW BYPASSCLOW . ------------------------------- LOWER 
TEST I N I T 1 4 L  F I I l A L  TIME OF I N I T I A L  F.INAL T IYE OF PLEPI!)lI ' P-LP-1 
!I0 WEIGH' 4E15HT COLLECTION WEIGHT WEIGHT COLLECTION LEVEL . I P S I C J  

I L 3 1  I L 9 1  ( SEC I I LR 1 L L R I I SEC J I I N 1  



TABLE XXXII (Contd,.) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1.3 

EXPERIMENTAL MEASURMENTS FOR TESTS 1.3.1 TO 1 -3 -65 . '  -- 0 . 3 5 - I N .  OOUYCOMER CAP 

LCWER PLENiJ4 FLOW , BYPASS FLOW .............................. ........................... LOWER 
TEST I ? I I T I A L  F I Y A L  T I M E  O F  I N I T I A L  F I N A L  T I M E  OF PLENUM 

YO ' YCIGHT J E I C H T  COLLECTION WEIGHT WEIGHT COLLECTION LEVEL 
I L Y )  ( L 3 )  ( S E C )  I L B )  I L R )  ( S E C I  I I N )  



TABLE XXXII ( C o n t d . )  

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1 . 3  

FXPER I'IEPJT AL FlE4SlJRMFNTS FOR TESTS 1.3.1 TO 1.3.65 -- 0.35- I h .  DOWNCUMER CAP 

TEST 
?,Ill  

L W E R  oLENU'4 FLOW ............................... 
I ~ N l T l h L  F I N A L  T l H E  f lF  
WE ICHT WEIGHT COLLECTION 

( L 9 1  ( L O )  I SEC) 

TEST 
YO 

1.3. 1 
1.3. 2 
1.3. 3 
1.3. 4 
1.3. 5 

1.3. o 
1.3. I 
1.3. B 
1.3.. 9 
1.3.10 

1.3.11 
1.3.12 
1.3.13 
1.3.14 
1.3.15 

1.3.15 
1.3.17 
1.3.19 
1.3.19 
1.3.20 

1.3.21 
1.3.2? 
1.3.23 
1.3.24 
1.3.25 

- - - - - - - - 
I N I T I A L ,  
WE I WIT 

I L B )  

565.i) 
375.8 
407.3 
503.5 
603.5 

' 663.5 
690.5 
643.5 
723.3 
785.3 

BYPASS F L l H  . - - - - - - - - - - - - - - - - - - - - - - 
F I N A L  T I M E  & 
' d E I C W  COLLECTlfll4 

( L 9 !  ( SEC) 

P-CG- 1 
( P S I G I  

0.0 
0.0 
0.0 
9.0 
0.0 

0.0 
0.0 
0.0 
9.0 
0.0 

J. 0 
9.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 . 
0.0 
0.0 

L 9 d E 9  
PLEN!JM 
LEVEL 

I I N )  



TABLE XXXII (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1.3 

EXPER1:iENTAL HEASURMENTS FOR TESTS 1.3.1 TO ~ ~ ' 3 . 6 5  -- 0.35-IN. OOWNCOHER GAP 

TEST RM-CG-1 
NO I CE"J 

1.3.26 30.3 
1.3.27 30.0 
1.3.28 . 39.0 
1.3.29 30.0 
1.3.30 33.0 

1.3.31 33.0 
1.3.32 30.3 
1.3.33 30.0 
1.3.34 60.0 
1.3.35 69.J 

1 -3-36  60.0 
1.3.37 60.0 
1.3.36 60.0 , 

1.3.39 63.J 
1.3.40 6J.0 

P-CG- 1 
IPSIGJ 

0.0 
0.0 
0.0 
0.0. 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
3.0 
0.0 
0.0 

TF-C G-1 
IDEG F )  

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0 - 0  

0.0 
0.0 
0.0 
0.0 
0.0 



TABLE X X X I I I  

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1 . 4  

TR4YSPAREFIT VESSEL TEST'DATA FOR TESTS 1.4.1 TO 1.4.40 -- 0.35-1%. OQWblCOHER GAP 

SIJYYARY OF ChLC?lLATEO RFSULTS 

TEST 
NO 

1.4. 1 
1.4. 2 
1.4. 3 
1.4. 4 
1.4. 5 

1.4. 6 
1.4. 7 
1.4. R 
1.4. 9 
1.4.13 

OOHNCUqFR 
41R FLOW 
lLB/SECI 

9CWYCOYER LOWER PLEkUN 
AIR DENSITY PRESSURE 

IL9 /F?* *31  I P S l A l  

CCLO LEG 
AIR FLOW 
lLS/SECI 

0.0658 
0.0655 
0.0659 
0.0659 
0.0653 

. C.0652 
0.0644 
0.0651 
0.0659 
0.0644 

DOWNCOMER 
HATER FLOW 

(LS/SECl 

WATER FLOU, 
CONTINUITY 

3.225 
2.760 
2. LOO 
2.01 0 
1.910 



TABLE X X X I I I  ( C o n t d . )  

TWO-PHASE COLD LEG MIXTURE T E S T  GROUP 1 .4  

'EXPERIYENTAL HEASURHENTS FOR TESTS 1.4.1 TO 1 .4 .40  -- 0 . 3 5 - I N .  DOWNCOMER GAP 

TFST 
NO 



TABLE X X X I I I  . ( C o n t d .  ) 

TWO-PHASE'COLD LEG MIXTURE T E S T  GROUP 1 .4  

FXPEt?l :4EI IT4L ? ~ E A S ~ J ~ H E N T S  FOR T E S T S  1 . 4 . 1  T O  1 - 4 - 4 0  -- 0 . 3 5 - I N .  OOhNCOYER GAP 

T E S T  P-CW-1 P-CH-2 P-HG-1 P-HG-2 P-HG-3 TF-CW-1 TF-HG-1 T F - H t - 2  TF-HG-3 
V ' l  I P S I G )  I P S I G I  ( P S I G )  ( P S I G I  ( P S I G I  I O E G  F )  I D E G  F l  I 0 E G  F l  1 0 E G  F l  



TABLE X X X I I I  (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1 .4  
~ ~ 

EXPERIYENTAL MEASURMENTS FOR T E S T S  1.4.1 T O  1.4.40 - 0 . 3 5 - I N .  OOWNCOMER GAP 

LCIWER PLENUM FLOW BYPASS FLOW 
------------------.------------ .......................... LOWER 

TEST I Y I T I A L  F I N A L ' .  T I M E  (IF I N I T l A L  F l N A L  T I Y E  OF PLENUM 
N 3  'dc I ?HT H E I G ~ T  COLLECTI 'YN WEIGHT WEIGHT COLLECTION LEVEL 

I L B )  ( L 8 J  I SEC I I L B )  ( L a )  I S E C )  , (1 '4 )  

P-LP- I 
I P S I G )  



TABLE X X X I I I  (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 1 .4  

E X P E R I ' I E N T A L  ~ E A S I J . Y E N T S  F O P  T E S T S  1.4.1 T O  1 - 4 - 4 0  -- 0 . 3 5 - I N ' .  DOWNCOMER GAP 



TABLE XXXIV 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 5 . 6  

TRANSPARENT VESSEL TEST DATA  CUP^ T E S T S  5 .6 .1  TO 5 . 6 . 1 7  -- 0 . 5 3 - I N .  OOWNOMER GAD 

SOYNARY '1F CALCllLATED RESULTS 

T E S T  D'3WhlCcl'lER !)IWNCn.YEG LOWER .PLENUM COLD LEG 
YO , ' A I R  FLOW P I R  O F Y S I T Y  PRESSURE P I R  FLqW 

( L D / S F C  1 ( L U / F T * * 3 )  ( P S I  4 1  ( L H I S F C I  

00WPlCDYEF: WATER FLOW J - A I R  
WATER FLOW C L l t I T I Y U I T Y  DOWNCOYFR 

( L U / S E C I  ( F T I S E C I  



TABLE XXXIV (Contd,) 

TWO-PHASE E0LD.LEG MIXTURE TEST GROUP 5 . 6  
. .-.- 

E X P E R I Y E N T A L  HEASURHENTS FOR TESTS 5.6.1 TO 5.6.17 -- 0.53-IN. DOYNCOMER GAP 

TEST R+C+1 RM-CW-2 .FT<W-1 FT-CW-2 RH-HG-1 RM-HG-2 RW-HG-3 RH-HC4 F T - H G 1  FT-MG-2 

NO 1 GPW ( G P H I  I G P H I  ( G P Y )  ( C F Y I  (CFM)  (CFfll ( C F M l  (CFM)  . (CFMJ 

T E S T  P-cr-1 P-c W-2 P-HG-I P-HG-2 P-HG-3 TF -CM-1 TF-HC- 1 TF-HG-2 TF-HG-3 P-0 bRO 

NO ( P S I C )  ( P S I G )  ( P S I C )  ( P S I G )  ( P S I G )  (DEG F )  ( D E G  F )  (nE6 F )  (OEG F l  I P S l l A )  



TABLE XXXIV ( C o n t d . )  

TWO-PHASE COLD LEG MIXTURE TEST GROUP 5 . 6  
- - - - - - - - - - 

FXPERI.IEHTPL M E A S U R M E ~ ! T S ' F O R  TESTS 5.6.1 T f l  5.6.11 -- 9.53-IN. 0I)WNCOHEH GAP 

LOHFR PLENUM "LOW ------------ 
TEST I N l r I P L  FINAL T IME 1 c  

N (1 qFI!;HT WEICHT COLLECTICN 
I L 3 I L J J  ( SEC I 

BYPASS FLOW ............................... 
IFI ITIAL FINAL TIME OF. 
WE I GI IT !JcIGIIT COLLECTInN 

( L B I  ( L B I  ( SFC I 

LOWER 
PLEPIUM P-LP-1 ' 
LEVCL ( P S I G I  

5.6. 6 3.0 33.0 9.0 0.0 35.0 0.0 70.0 
5 . 6 .  7 3.9 3il.0 3 . 3  0.0 35.4 0.0 71.0 
5 . 6 .  i) O ..'I 33.0 0.0 'I. 0 34.7 0.0 72.0 
5.6. Y 3.3 30 .O 9 .O 0.0 35.0 73.0 72.0 



TABLE XXXIV (Contd. ) , 

TWO-PHASE COLD.LEG MIXTURE TEST GROUP 5.6 

EXPERIYENTAL MEASURMENTS FOR TESTS 5 - 6 . 1  TO 5 - 6 - 1 7  -- 0.53- IN .  DOWNCOMER GAP 

TEST RH-CG-1 RW-CG-2 FT-CG-1 P-CG- 1 P-CG-2 TF-CG-i TF-ck-2 
NCI (CFMI  ( C F H )  ( C F M I  ( P S I G I  ( P S I G )  (OEG F 1  [DEG F1 



TABLE XMN 

TWO-PHASE COLD LEG MIXURE TEST GROUP 7.2 

TRA'JSPAPENT V F S S E L  T E S T  C A T 1  F99 T E S T S  7.2.1 T O  7.2.10 -- il.?O-1'4. OOWNCOYEH G b P  

S3: I IARY OF CALC'JLATEQ R E S U L T S  

T E S T  DtJI.I:4L1YSR CCvllrCLI'lF9 LOWCP. P L E U U H  COLD L E G  QOWNCOPEP v4ATE.K FLOW J - A I R  J-WATER I J C b l * * l / 2  I J L * l * * l / Z  
i AIR E L n d  A r k  n r : . r s r r v  PRESSUEE AIR F L ~ N  W A T E R  F L 9 W  C ~ N T I W U I T Y  O O W N C ~ Y E P  D 7 1 . ( ~ c O ~ E ~  

I L U / S E S I  ( L ! 3 / F T * * 3 )  I P S 1  A l  I L S / S E C I .  I L g / S = C l  I F T I S E C )  ( F T I T E C I  



TABLE U X V  (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST'GROUP. 7.2 

FXPERIYENTAL ME4SURWENTS FOR TESTS 7.2.1 TO 7.2.10 -- 0.70-IN. DOWNCOMER GAP 

TEST RM-CW-I 
YO (GPM) 

7.2. 1 :I. 0 
. 7.2. 2 0.0 

7.2. 3 J.0 
7.2. 4 3.0 
7.2. 5 0.0 

7.2. b 0.0 
7.2. 7 0.0 
7.2. 8 3.0 
7.2. 9 0.0 
7.2.10 0.0 

TEST 
NO 

7.2. 1 
7.2. 2 
7.2. 3 
7.2. 4 
7.2. 5 

7.2. 6 
7.2. 7 
7.2. 8 
7.2. 9 
7.2.10 

FT-CW-1 
( CPW ) 

101.0 
100.0 

89.0 
80.0 
69.0 

60.0 
60.0 

0.3 
0.0 

80.0 

P-HC-2 
(OSIGI 

98.0 
S8.5 
Yb. 0 
95.5 
95.0 

94.5 
93.0 
95.0 
97.0 
98.0 

LCWEP PLCN!JY FLOW RYPASS FLOW ............................... ............................... LOUCR 
TEST I N I T I A L  FINAL TlME 7F IPIITIAL FINAL TIYE OF PLEY!Iq ?-LP-1 Tc-Lo-1 

NO WF I:;HT WEIGHT COLLECTICN WEIGHT WEIGHT' COLLECTION LEVEL . IDSIC) IZFG FI 
(LO) (LUI  (SEC) I L U I  (LO) (SEC (141  

101.0 
203.5 
208.5 
209.0 
'Oh. 9 

266.5 
301.0 

,104.5 
137.0 
188.0 



TABLE XXXV (Contd. ) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 7 . 2  

E X P E H I  . IK?ITiL ;4E OSUQYE4TS FU? T E S T S  7 . 2 . 1  Tf l  7 . 2 . 1 0  -- 0 . 7 0 - I N .  OOWYCnMER GAP 

T E S T  F ' I -CS-1 RY-CS-2 FT-CG-1 0-CG-1 P-CG-2 T F C S - L  T F - C F - 2  
N II I S F q l  ( C F M I  ( C F H I  I P S I G I  ( P S I C I  ( C E G  F l  ( D E G  F l  



'TABLE XXXVI 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 9 . 4  

T F S T  33WYCO'lEP. LlC'JhlCP'lEE CQ!JE? PLErUUY C Q L 9  L E G  00WNCOMEP 
14 @ A I R  FL: l IJ ' & I F .  O E l l S l T Y  PRESSURE A I R  F L O N  .HATEP F L P U  

( L U / S E C l  ( L Y / F T * * 3 )  I P S 1  4 )  ( L B / S E C )  I L B / S E C I  

HATFI; FL3:J J - A I R  
C O P I T I Y I J I T Y  YJWNCOYER 

( f T / S E C l  



TABLE XXXVI (Contd. ) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 9 . 4  

EXPER I ~ E ~ T A L  HEASURMENTS FOR T E S T S  9.4.1 TO 9.4.30 -- 1 . 5 8 - 1  N. OOHNC'YWER SAP 

T E S T  
Ni3 



TABLE XXXVT (Contd .) 

. TWO-PHASE COLD LEG MIXTURE TEST GROUP 9 . 4  

TEST P-C J- 1 P-C W-2 P-HC-1 m-HG-2 P-HG-3 TF-CW-1 TF-HG-1 
rJO ( P F I G I  I P S I G )  ( P S I G )  ( P S I G )  ( P S I G I  ( D E G  F )  I U E G  F l  

3.4.16 ' 13.2 d .  0 .17.5 a 63.5 0 .O 46.0 113.0 
9.4.17 16.5 0 .O 17.0 86.5 0 .O 4 8  - 0  120.0 
9.4.18 lb. 0 J. d 17.0 83.0 0 .O 52.0 106.5 
9.4.19 22 .0  0.0 12.0 93.0 33.0 47.0 94 .5  
9.4.20 17.0 0 .0  17.0 88.0 32.0 45.0 112.5 



TABLE MMVI (Contd.) 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 9 . 4  

EXPERI4EtJT4L YEASURF4ENTS FOR TESTS 9.4.1 TO 9.4.30 -- 1 . 5 8 - I N .  DOWNCOMER CAP 

'LOWER PLENUH FLOW ------------------------------- 
I N I T I A L  F  IPIAC T I M E  OF 
WE IGl.IT Y E I G H T  CflLLECTlC,N 

( L 9 1  ( L E I  (.SEC ) 

BYPASS FLOW ............................... 
[ N I T I A L  F I N A L  T I M E  'IF 
WE IGHT WE1 GHT COLLECT.ION 

( L 3 )  ( L a 1  ( S E C  I 

LOWER 
PLEV!.)M 
LEVEL 

( I N )  

TEST 
N !I 



TABLE XXXVI (Contd . ) 
. . 

TWO-PHASE COLD LEG MIXTURE TEST GROUP 9.4 

EXPEQ I ' f E N T  4L  :if . \SOPMENTS FOP T E S T S  9 . 4 . 1  70 9 . 4 . 3 0  -- 1 . 5 3 - I N .  DOUNCUMER G A P  

T E S T  R'I-CG-1 PM-CG-2 FT-CG-1 P-CG-1 P-CC-2 TF-CG-1 TF-CG-2 
N CI ( C F Y )  l C F ! I l  1 C F M )  ' 1 P S I G )  ~ P s I G )  ( 9 E C  F l  ( 9 E G  F )  



leg nozzle removed, and two-phase flow entering the vessel through the cold leg. The 
objective of these combined effects tests was to investigate the sensitivity of the system 
countercurrent flow to several coinciding changes in geometry of cold leg flow conditions. 
Tables XXXVII through XLVI contain the data for these ten tests and Table I includes a 
listing of the tests and the respective changes to the normal configuration. 

7. SPECIAL TESTS 

Following is a brief discussion of countercurrent flow tests which did llot have 
objectives consistent with the classifications discussed previously because either specially 
designed equipment was required or special operating procedures were used. 

7.1 One-Dimensional Inlet Test Group 

A limited number of countercurrent flow tests were performed with the upper 
annulus portion of the transparent vessel, including the cold leg and bypass leg, removed and 
replaced with an inlet water distributor that was designed to induce flow parallel to the 
downcomer axis and to distribute the water uniformly around the top of the downcomer. 
The purpose of these tests was to provide countercurrent flow data for a uniform inlet flow 
distribution that could be compared with countercurrent flow data obtained for the normal 
inlet to indicate the effect on countercurrent flow of the nonuniform distribution of water 
to the downcomer entrance that results from injection normal to the downcomer. 

The design for the onedimensional inlet flow distributor was discussed in Section 11-1. 
The test procedure for these tests included the following steps: 

(1) Downcomer air flow was initiated at a predetermined value. 

(2) Water flow was gradually increased until a level above the top of weir entrance 
was established. 

(3) The system was allowed to run until the height of the water level above the weir 
entrance stabilized. 

(4) The water flow was increased slightly and the preceding step was repeated; 
water flow was gradually incrcased in steps until a water flow rate was reached 
at which the height of the water level above the weir entrance did not stabilize 

- but was continually increasing; 

( 5 )  The water flow was decreased slightly until the water level stabilized. 

( 6 ) .  The necessary measurements were recorded. 



TABLE XXXVII 

COMBINED EFFECTS TEST GROUP 3.2 

TRANSPPRENT V E S S E L  T E S T  DATA FflR T E S T S  3 . 2 . 1  T O  3 . 2 . 2 5  -- 0 . 3 9 - I N .  SflUNCOMER GAP 

SUi4HARY OF C I L C t J L A T E D  RESIJLTS 

T E S T  D'3'ANC'ZlYER DOWNCCIMER LOWER P L E N U Y  COLD L E G  UOWNCOMER WATER FLOW J - A I R  
NO A I R  FL,lW A I R  D E N S I T Y  PRESSURE A I R  FLOW HATER FLOW CCINTINIJ ITY OOWNCCIYER 

I L S / S E C )  I L Y I F T ' * 3 )  I P S I A )  I L d / S E C )  I L B / S E C )  I F T I S E C )  

J-HATER 
OCIHNCflMER 
I F T / S C C J  



TABLE XXVII ( C o n t d . )  

COMBINED EFFECTS TEST GROUP 3 .2  

EXPERIMENTAL MEASURMENTS FOR TESTS 3.2.1 TO 3.2.25 -- 0.39-IN. OOWNCOWER GAP 

TEST RM-CW-1 RM-CW-2 FT-CW-1 FT-CW-2 
NO (GPW 1 (GPM) (GPM) IGPMI 

0.0 ' 0.0 12.5 
I). 0 0.0 12.5 
0.0 0.0 12.4 
0.0 0.0 lZ.* 
0.0 0.0 12.4 



TABLE XXVII (Contd,. ) 

COMBINED .EFFECTS TEST GROW 3.2 

TEST 
NO 

3.2. 0 

3.2. 7 
3.2.. 8 
3.2. 9 
3.2.14 

3.2.11 
3.2.12 
3.2.13 
3.2.14 
3.2.15 

3 - 2 - 1 6  
3.2.17 
3.2.18 
3.2.19 
3.2.23 

3.2.21 
3.2.22 
3.2.23 
3.2.24 
3.2.25 

TESr 
Ni l  

EXPERIYENTAL YEASURMENTS FOR TESTS 3.2.1 TO 3.2.25 -- 0.39-IN. DOWNCOMER GAP 

P-CH-1 
IPS1 G I  

CJ.0 
3.0 
J,. 0 
J. 0 
2.0 

J.0 
'1.0 
J.9 
J.0 
a.O 

J .  J 
0.0 
'J . 0 
0.0 
0.0 

0.0 
'1 . a 
0.0 
).O 
3.0 

P-C H-2 
I P S I G I  

l J . 0  
10.0 
10.5 
10.0 
10.0 

11.0 
11.0 
9 - 0  

1 1  .o 
10.5 

10.0 
10.0 
10.0 

3.0 
19.0 

8.5 
9 - 0  
8.5 

11.0 
' 9.5 

LOWER PLENUY FLOW --------------------------- 
I N I T I A L  F I N A L  TIME C)F 
WE1I;HT dElCt lT COLLECTICh' 

( L 3 1  , ( L a )  (SECI  

213.5 279.0 25.0 
135.5 218.5 30.0 
292.0 384.5 25.0 
384.5 445.5 20.0 
455.5 516.8 30.0 

134.3 232.5 30.0 
233.5 316.5 30.0 
316:5 368.3 20.0 
364.3 ,916.5 20.0 
4 ~ $ . 5  ,457. a 20.0 

-------- 
I N 1  T I A L  
dE IGHT 

( L R I  

160.8 
104.5 
493.5 
576.3 
629.5 

90.5 
170.0 
222.5 
338.5 
373.5 

BYPASS FLOW 

FINAL TIME OF 
HEIGHT COLLECT I 9 N  

I L  8.) ISEC) 

LOJER 
PLENUM 
LEVEL 
I I N )  

TF-HI;-2 
IOEG F l  

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
3.0 
0.0 
0.0 

' 0.0 

0.9 
0.0 
0.0 
0.0 
0.0 

.o. 0 
0.0 
0.0 
0.0 
0.0 

P-LP- I  
lPS1G.l 



TABLE X X V I I  ( C o n t d .  ) 

COMBINED EFFECTS TEST GROUP 3 . 2  

EXPERIlENTAL MEASURMENTS FOR TESTS 3.2.1 TO 3.2.25 -- 0.39-IN. OOWNCOMER GAP 

LOWER PLENUM FLOW BYPASS FLOW .............................. ...................... LOWER 
TEST I N I T I A L  FINAL TIME OF I N I T I A L  FINAL TIME OF PLENlJM P-LP-1 TF-LP-1 

NO ,WE I GHT HEIGHT COLLECTICN WEIGHT WEIGHT COLLECTION LEVEL IPSIGI  IOEG F I  
I L 3 l  ILBJ ISECI (La1  ILBJ  I'SECI I IN1  

TEST 
NO 

RM-CG-1 
ICFMI 

60.0 
60.0 
30.0 
30.0 
30.0 

30.0 
30.0 
30.0 
30.0 
30.0 

30.5 
30.0 
30.0 
30.0 
30.0 

39.0 
30.0 
30.0 
30.0 
33.9 

3 J. 0 
35.3 
3 J.J 
60.0 
60.0 



TABLE XXXVIII 

.COMBINED EFFECTS TEST GROUP .4...3 

T E S T  I)OWYCO"1ER UCWh'CO>lE9 LOWER .PLENUM COLD L E G  DOWNCOMEP W4TER FLOW J - A f R  J-WATER I J G * ) * * l l Z  . ( 3 L * ) * * . 1 ? 2  
33 . A I R  FLflW A ! r l  O E N S I T Y  PKES,SURE A I R  FLOW WATER FLOW C O N T I N U . I T Y  r)r)WNC'lklEP. DOWPlC7!4ER , 

I L B / S E C  . ( L D / F T ' * * 3 ' )  ( P S  I d )  l L S / S F C )  ( L B / S E C . )  ( F T / S E C )  ( F T / S S C )  



TABLE XXXVIII (Contd.) 

COMBINED 'EFFECTS TEST GROUP 4 .3  
- -- 

E X P E R I H E N T A L  ME'ASURMENTS FOR T E S T S  4.3.1 T O  4.3. 5 -- 0.49-IN. DOWNCOMER GAP 

TEST RH-CW:L RM-CW-2 FT-CW-1 . FT-CW-2 RM-HG-1 RH-HG-2 RM-HG-3 RW-HG-4 FT-HG-1 FT-HG-2 
Y 0 (GPM) ( GPY 1 (CPM) I G P M )  ( C F M )  (CFM)  (CF-1  ( C F N )  ( C F Y )  (CFM)  

TEST P-CU-1 P-CW-2' P-HG-1 P-HG-2 P-HG-3 TF-CW-1 TF-HS-1  TF-HC-2 TF-HG-3 P-BAR0 
.YO ' ( P S I G I  ( P S I G )  ( P S I G )  ( P S I G )  ( P S I G )  (OEG F )  (DEG F )  ( 9 E G  F I  (OEG F )  ( P S l b )  

LOUES PLENUY FLOW BYPASS FLOW ------------------------- ............................ COWER 
TEST I N I T I A L  F I N A L  T I M E O F  I b J I T l b L  F I N A L  T I M E  OF PLEN'JM P - L P - 1  T F C P - 1  

N 0 W t  I C H T  WEIGHT C O L L E C T I C N  WEIGHT WEIGHT C O L L E C T I O N  L E V E L  ( P S I G )  (OFG F )  
( L Y )  ( ~ 9 )  ( S E C )  ( L B )  r ~ e !  ( S E C )  ( IY )  



TABLE XXXIX 

COMBINED EFFECTS TEST GROUP 4.7 

SU'I'lA?Y OF C A L C U L A T E D  Q E S U L T S  

T E S T  i I l l 4 N C O ' ~ E R  nJ\l lJCO'!EP LnWEP P L E N U M  C f l L D  L E G  
V 2 P I P  FLOW 4 1 R  n E N S I T Y  P R E S S U P E  A I P  F L l d  

I L S / S E C J  ( L i l / F T * + 3 )  ( P S I & )  I L S / S E C J  

7 . 2 5  - -  0 . 4 9 - I N .  9PU'ICOYCR GAP 

D'IHYCOYCR WATER FLU# J - A I Q  J.-WaTER I J C * ) ' * 1 / 2  I J L * J * * l / Z  
rlATFP. F L O H  C O F I T I N U I T Y  00WLJCOHEP 0314'lC3HEP 

I L 3 / S E C )  I ' T I S E C I  [ F T l S E C )  



TABLE XXXIX ( C o n t d . )  

COMBINED EFFECTS TEST GROUP 

E X P E R l n E N T A L  M E A S U R M E N T S  F O R  T E S T S  4.7.1 T O  4.7.25 -- 0.49- IN.  OOWNCOMER G A P  

T E S T  . RM-CV-1 RH-CH-2 F T - C H - 1  F T - C U - 2  RM-HG-1 RM-HG-2 RM-HG-3 

NO I C P Y I  G P H  I G P M I  ( G P M l  I C F M I  I C F M I  ( C F M )  

T E S T  P-C#-1  P-C:.I-? P - H G - 1  P-HG-2 P-HG-3 TF-CW-1 T F - H C - 1  T F - H 5 - 2  T F - H 6 - 3  P - B A R D  
N J ( ? S I C )  I P S I G I  I P S I G I  I P S I C I  [ P S I G I  l n E G  F l  ( O E G  F l  I 3 E S  F )  I O E t  F l  ( p s I n 1  



TABLE XXXIX ( C o n t d . )  . 

COMBINED EFFECTS TEST GROUP 4 . 7  

t ~ o E ~ l ' . l ! P i . l f h ~  'IEASUF(MEP1TS FOR T E S T S  4.7.1 TLl 4.7.25 -- 0.49-IY. 0OY.JCOMER G.20 

T E S T  P - C U - 1  P - C W - I  P - H C - 1  P-HG-2 P-115-3 TF-CW-1 TF-HG- 1 
rlcl , l l ' 5 I G l  I D S I C )  ( P S I  G I  I P S I C I  I D S I G I  I O E G  F I  I U E G  F l  

L D W 9 R  P L E N U M  FLOW B Y P A S S  F L q W  ------------------------------- LCIHED. 
T F S T  I t I I T I P L  F I N A L  T I M E  OF I F I I T I I L  F l N O L  TI;€ OF PLEPI!IS P - L P - 1  T F - L P - 1  
'40 WE 1  ?!IT Y E l C H T  C O L L E C T I C Y  W E I G t l T  . M F I C H T  CULLECTIOo' i  L E V E L  1 ~ ~ 1 5 )  1 x 5  F I  

( L g ) , .  I L M I  ( S E C  (1-R ) l L 3 )  I SEC 1  I I L I I  



TABLE XXXIX (Contd. )  

COMBINED EFFECTS TEXT GROUP 4;7 

EXPERIYEtlTAL MEASUR'4ENTS FOR TESTS 4.7.1 Tfl 4.7:25 -- 0.49-IN. DOWNCOMER GAP 

LCWER PLENUM FLOW BYPASS FLOW ............................ ............................ LOWER 
TEST I N I T I A L  FINAL T IMEOF I N I T I A L  FINAL TIME OF PLENUM P-LP-1 TF-LP-1 

NO HEIGHT WEIGHT COLLECT ICN WE IGHT HEIGHT COLLECTION LEVEL IPSIGJ IDEG F) 
l L 8 )  (LB)  I SEC) ( L a )  ( L 8 l  ISECI I IY1 

RM-TC-1 
lCCMl 

69.9 
60.') 
60.J 
60.3 
63.0 

64.3 
60.3 
50.3 
6i1.3 
53.0 

hi) - 3  
60.0 
60.9 
63.0 
6J.0 

60.7 
6J.J 
h > . J  
60.3 
60.3 

60.9 
6.1.9 
63.9 
6O.J 
60.0 



TABLE XL 

COMBINED EFFECTS TEST GROUP 4 . 8  

TR?FISPI\P.ENT V C S S E L  T E S T  D A T A  FOR T E S T S  4.8.1 "3 4.8.34 -- 0.49- IN .  DllWL.IC0YER GAP 

SUMYARY OF ',0LC'JL.4TEr! R E S t l L T S  

T E S T  ?iIWNCO'!F?? 3:bINC3?lFK LOWER PCENUM C C L D  L E G  0'31J"COMER WPTER F L f l U  J - 4 1 R  
'4 r! 4 1 R  FLOW 4 1 R  D E Y S I T Y  P R E S S U R E  A I R  FLOW WATER F L U V  C O N T I N U I T Y  DOWVCflYEP. 

( L S / S E C )  ( L 9 / c T * * 3 1  ( P S I A I  ( L B / S E C )  ( L Y / S E C I  ( F T / S E C )  

4 . 8 .  6 3.?226 J. 1163 2 2 - 1 9  0.0 
4 . 8 .  7 0.0226 J.1163 2;C. 19 0.0 
4.8. 8 3.0303 I). 1160 22.19 0.0 
4 .8 .  9 J.0305 3 .1163 22.19 0.0 
4.8.10 0.0449 3.11b3 22.19 0.0 



TABLE XL (Contd.) 

C ~ I N E D  EFFECTS TEST GROUP 4 . 8  

E X P E R I q E N T A L  HEASURHENTS FOR T E S T S  4 .8 .1  TO 4 .8 .34  - 0.49-IN. OOWNCOMER GAP 

TEST R M - C W - ~  RH-CW-2 F T - C W - 1  FT-CW-2 RM-HG-1 RH-HG-2 RH-HG-3 
' NO I G P Y J  I G P M )  I GPH J (GPM) I C F M )  (CFMJ , l C F M J  

FT- HG- 1 
I C F M )  . 



TABLE M, ( C o n t d .  ) 

.COMBINED E F ~ E C T S .  TEST GROUP 4 . 8  

' . TEST 
YO 

EXPcPI'lF:4rAL ME4S.JRMENTS F l l U  TESTS 4.9.1 T O  4.8.34 -- 0.49- IN .  O~WVCOMER rJAp 

T F-HG- I 
I D E G  F )  

79.5 
79.0 
78.5 
76.0 
78.0 

77.0 
77.0 
77.0 
77.0 

, 77.0 

78.0 
79.0 
79.0 
80.0 
74..3 

.72 .5  
72.0 
73.0 
75.3 
79.5 

78.0 
83.5 
83.5 
85.0 
87.5.  

R6.5 
87.0 
91 .0  
83.5 
82 .0  

83.0 
89.0 
9s. 4 
39.0 



TABLE XL ( C o n t d  . ) 
COMEiINED EFFECTS TEST GROUP 4 .8  

. . . . . 

EXPER IYENTAC MEASURMENTS FOR TESTS 4.8.1 T!l 4 - 6 - 3 4  -- 0 .49 - IN .  OOWNC0,MER GAP 

LOWER PLENUM FLOU BYPASS FLOW ______-__--___---------------- .............................. LOWER 
TEST I N I T I A L  F I N A L  T l M E  OF I N I T I A L  F I N A L  T IME OF PLENUM 

NO'  WEIGHT HEIGHT C13LLECT ICN WEIGHT WEIGHT COLLECTION LEVEL 
(LB)  l L 9 1  I S E C )  I L B )  ( L a )  I SEC) I I N )  



TABLE XLI 

COMBINED EFFECTS TEST GROUP 4 . 9  . 

TRANSPAPENT VESSEL T E S T  DATA FOR T E S T S  4 . 9 . 1  TO 4 . 9 . 2 1  -- 3 . 4 9 - I N .  OC)'W4COYER Gh? 

SUHflARY OF CALC:JLATEO RESULTS 

T E S T  D9WNCOYEK !>OWNC?YEQ LOWER PLENUY CCLO LEG DOWNCOYER WATER FL3W J-h!!t J-9.44TER 1 JC* ) * * L I Z  1 J L * ) * * 1 / 2  
nn A I P  FLOW A I P  X E N S T T Y  PRESSUPS AIR FLOW V A T E P  FLOW CCNTINUITY OOWNCOYEP. P O U ~ I C ~ Y E R  

I L S / S E C )  ( L Y / F T * * 3 J  ( P S I  d l  I L B I S E C l  ( L B I S ' C I  ( F T / S E C )  t F T I S 5 C )  



TABLE XLI (Contd.) 

COMBINED EFFECTS TEST GROW 4.9  

E X P E R I Y E N T I L  MEASURUENTS F O R . T E S T S  4 .9 .1  TO 4 - 9 - 2 1  -- 0.49- IN .  DOWNCOMER CAP 

TEST RM-CW-1 R!4-CW-2 FT-CH-1 FT-CW-2 RM-HG-1 RM-HG-2 RM-HC-3 
NO (GPH 1 (GPM) (CPM) ' (GPH) (CfM)  . (CFM) ( C F M I  

TEST 
v 0 

TF-HG-1 
I D E G  F )  

76 .5  
77 .,5 
7 6 .  0 
76 .5  
7 6 . 5  

77 .0  
7 8 . 0  
7 0 . 0  
7 2 . 0  
77 .5  

TC-HC-2 TF-HG-3 
I D E G  F )  (D'G F )  



TABLE XLI (Contd. ) 

COMBINED EFFECTS TEST GROUP 4 . 9  

EXPERI'IENTAL YFASlJPMEFlTS FOR TESTS 4.9.1 TO 4.9.21 -- 0.49-IN. Cl'lhNCOMEH GAP 

TF-HG-1 
IOEG F )  

80.0 
79.0 
81.0 
85.0 
86.0 

88.3 
90.5 
95.0 
9(r. 5 
9 9 . 5  

100.0 

LnWE9 PLENlJ?! ------------------- 
TFST I N I T I A L  F INAL  

N 0 WEIGHT HE I GHT 
l L 3 )  ( L 9 )  

FLFW ------------ 
TIME O F  

COLLECT lChi 
ISEC) 

BYPASS FLnW ............................... 
I N I T I A L  F INAL  ' TIME r)F 
WE I GHT WEIGH? CflLLECTlON 

I L B I  l L 3 )  I SEC I 

L!lWER 
PLE*IIJfl P-LP-1 TF-LP-1 
LEVEL t P 5 1 6 )  (3EC F J  

( I Y I  



TABLE X L I  ( C o n t d . )  

COMBINED EFFECTS TEST GROUP 4 . 9  

EXPERIMENTPL !4EASURMENTS FOR TESTS 4.9.1 TO 4 . 9 . 2 1  -- 0 . 4 9 - I N .  OOWNCOMER GAP 

TEST a - C G - 1  RM-CG-2 FT-CG-1 P-CG- 1 P-CG-2  TF-CG-1 TF-CG-2 
NO ( C F M )  I C F M )  I C F M )  ( P S I G )  I P S I G )  (BEG F)  ( D E G  F )  



TABLE X L I I  

COMBINED EFFECTS TEST GROUP 5.9 

TRAN-SPARENT VESSEL T E S T  OA,TA FOR T E S T S  5 .9 .1  TO 5 .9 .11  -- 0 . 5 3 - I N .  OOWNCOMER GAP 

SUMMARY OF CALCULATED R E S U L T S  

T E S T  DOWNCOMER OOWNCOMER LOWER PLENUM COLD L E G  DOWNCOMER WATER FLOW J - A I R  J-WATER ( J G * I * * l / Z  ( J L * l * * 1 / 2  
NO A I R  FLOW A I R  O E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  OOWNCOMER DOWNCOMER 

( L B / S E C )  ( L B / F T * * 3 J  ( P S I  A1 ( L B / S E C l  ( C 8 I S E C J  ( F T / S E C l  ( F T / S E C I  



TABLE XLII (Contd.) 

COMBINED EFFECTS TEST GROUP 5 . 9  

EXPERXMENTAL REASURMENTS FOR TESTS 5.9.1 TO 5 -9 -11  - 0.53-IN. DOWNCOMER GAP 

TEST RH-CY-1 RM-CW-2 FT-CU-1 FT-CW-2 RM-HG-1 RM-HG-2 RI4-HG-3 
NO (GPH) (GPM) IGPM) (GPM) (CFMJ (CFMJ ICFMl 

TEST 
NO 

5.9. 1 
5.9. 2 
5.9. 3 
5.9. 4 
5.9. 5 

5.9. 6 
5.9. 7 
5.9. 8 
5.9. 9 
5.9.10 

5.9011 

P-HG-3 
IPS IG) 

33.0 
32.0 
33.5 
33.0 
33.0 

0.0 
33 00  
33 -0  
33.0 
33.0 

33.5 

TF-C Y- 1 
(OEG F )  

50.0 
52.0 
50.5 
51.5 
51.5 

52.0 
52.5 
51.0 
50.0 
51.0 

51.5 

TF- t i63 
IOEG F)  



TABLE XLII (Contd.) 

COMBINED EFFECTS TEST GRO-JP 5 .9  

EXPERI4ENTAL MEASURMENTS FOR TESTS 5.9.1 TO 5.9.11 -- 0.53-IN. OOWNCOYER GAP 

LOWER PLENUM FLOW BYPASS FLOW ---------------------------- .............................. LOWER 
TEST IN IT IAL  .FINAL TIMEf lF INtTIAL FINAL l IME OF PLENUM 

NO WEIGHT WEIGHT COLLECTION WEIGHT WEIGHT COLLECTION LEVEL 
(LB) (LBJ (SEC) (LO) (LB) CSEC) ( I N )  

5.9; 1 203.5 41100 60.0 . 216.0 489.0 LO. 0 12.0 
5.9. 2 272.5 380.0 30.0 345.5 492.5 .30r0 12.0 

'.5.9. 3 202.5 238.0 30.0 150.5 298.0 .30.0 12.0 
5.9. 4 141.5 193.0' 30.0 105.0 160.0 30.0 12.0 
5.9. 5 143.5. 150,O 180.0 160.0 243.5 !60.0 ' 12.0 

TEST 
. NO 



TABLE X L I I I  

COMBINED EFFECTS TEST GROUP 5.11 

TRANSPARENT VESSEL TEST DATA FOR TESTS 5.11.1 TO 5.11.12 - 0 .53 - IN .  OOWNCOMER GAP 

' SUMMARY OF CALCULATED RESULTS 

TEST DOWNCOMER DOWNCOMER LOWER PLENUM COLD LEG DOWNCOMER WATER FLOW J-AIR J-WATER 
N 0 A I R  FLOW A I R  DENSITY  PRESSURE A I R  FLOW WATER FLOW CONTINUITY  OOWNCOMER DOWNCOYER 

(LB/SEC) ( L B / F T * * 3 )  ( P S I A )  (LB/SEC) (LB /SEC)  I F T / S E C )  (FT /SEC)  



TABLE XLIII ( C o n f d . )  

COMBINED EFFECTS TEST GROUP 5 . 1 1  

EXPERI9ENTAL nEASURMENTS FOR TESTS 5.11.1 TO 5.11.12 -- 0.53-IN. DOWNCOMER GAP 

TEST 
NO 

5.11. 1 
5.11. 2 
5..11. 3 
5.11. 4 
5.11. 5 

5 -11 .  6 
5.11. 7 
5.11. 8 
5.11. 9 
5.11.10 

5.11.11 
5.11.12 

RM-CW-I 
(GPM) 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
' 0.0 
3.0 
0.0 
0.0 

0.0 
0.0 

F T - H C  1 
ICFM) 

TEST P-CW-1 P-CW-2 P-HG-1 . P-HG-2 P-HG-3 TF-CW-1 TF-H+ l  TF-HC-2 TF-HG-3 P-BAR0 

N 0 f1PSIG) I P S I G )  ( P S I G I  (PSCG) ( P S I G )  IDEG F )  (DEG F )  LDEG F l  IDEG F )  I P S I A )  



TABLE XLIII ( C o n r d . )  

COMBINED EFFECTS TEST GROUP 5 . 1 1  

E X P E R I M E N T A L  MEASURMENTS FOR T E S T S  5.11.1 T O  5.11.12 -- 0.53-IN.. DOWNCUMER GAP 

LOWER PLENUM FLOW BYPASS FLOW , -------------------- ........................... LOWER 
TEST I N I T I A L  F I N A L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLENUM P - L P - 1  TF-LP-1  

NO WEIGHT H E I G H T  C O L L E C T I O N  WEIGHT WEIGHT. C O L L E C T I O N  L E V E L  , ( P S I G )  (OEG F J 
( L B  I ( L B I  (SEC ( L B I  I L B )  (SEC)  1 I N )  

TEST , 

NO 
RM-CG-I 

( C F M I  



TABLE XLIV 

COMBINED EFFECTS TEST GROUP 5 . 1 4  

TRANSPARENT VESSEL TEST DATA FOR TESTS 5914 .1  TO 5.14.14 -- 0.53-IN. DOWNCOMER GAP 

SUMMARY OF CALCULATED RESULTS 

TEST  OOWNCOMER DOYNCOUER LOWER PLENUW COLD L E G  DOWNCOMER WATER FLOW J - A I R  J-YAJER I J G * ) * * l / 2  I J L * J + * l / Z .  
A I R  FLOW . A I R  D E N S I T Y  PRESSURE A I R  FLOU WATER FLOW C O N T I N U I T I  OOWUCOUER 0.OWNCOnER N 0 
I L B / S E C )  , I L B / F T * * 3 1  I P S t A J  I L B I S E C J  ( L R I S E C )  I F T I S E C )  I F T / S E C )  



TABLE MIV ( C o n t d .  ) 

COMBINED EFFECTS TEST GROUP 5.14 

EXPERIMENTAL MEASURMENTS FOR TESTS 5914 .1  TO 5914.14 -- 0.53-IN. OOWNCOMER GAP 

TEST ~ w C u - 1  R M K U - 2  FT-CU-1 ' F T - C U - 2  RCCHG-1, RM-HG-2 R ~ H G - 3 .  RM-HG-4 FT-HG-1 FT-HG-2 
NO I G P ~ )  (GPMJ I GPM J (GPM) iCFMJ ICFM) I CFMJ (CFM) ICFMJ I C F  M) 

P-HG-2 
IPSIGJ 

TF-CU- 1 
( O f G  F )  

TF-HG- 1 
IOEG F )  

TF-HG-3 
IOEG F )  



TABLE XLIV (Contd.) 

COMBINED.EFFECTS TEST GROUP 5.14. . 

EXPERlgENTAL HEASURMENTS FOR TESTS 5.14.1 TO 5.14.14 -- 0.53-IN. OO~&COMER GAP 

LOWER PLENUM FLOY ------------------- 
I N I T I A L  F I N A L  T I M E  OF 
UElGHT WEIGHT COLLECTION 

( L B J  ( L 9 )  I SEC 

BYPASS FLOW .............................. 
I N I T I A L  F I N A L  TIME OF 
WE I GHT WE I GHT COLLECT ION 

( L B J  ( L B )  ( SEC 

LOYER 
PLENUM 
LEVEL 

( I N )  

TEST 
NO 

P-LP-'I 
( P S I G )  

'TEST RM-CG-1 RM-CG-2 FT-CG-1 P - C C  1 P-CG-2 TF-CG-1 TF-CG-2 
NO (CFM) (CFMI (CFW). ( P S I G )  ( P S I G )  (OEG F )  (OEG F )  



TABLE LXV -- 
COMBINED EFFECTS TEST GROUP 9 . 3 .  

T F A N S P A F C N T  V E S S C L  T E S T '  C 4 T L  COP T F S T S  9.3.1 T O  9 . 3 .  C -- 1 . 5 8 - I N .  DOWNCOMER GZP 

S!IMY?.RY !-IF C A L C ' J L A T E D  R E S U L T S  

O J V N C O Y E R  LOWFE. P L F N U M  CCIILD L E G  I?OWYCPYEP iJATER FLOLI  ' J - A I R  
AT?. r ) E I I S I T Y  P R E S S U P C  A19 F L 3 H  W A T F R  FL'lW C C N T I N U I ' T Y  OUWNC9MER 

l L U / F T * * 3 l  ( P S I  A )  ( L S / S ' C I  I L W S F C )  I F T / S E C )  

J-WATER 
OOYFICOYER 
( F T l S E C I  



TABLE LXV ( C o n t d . )  

COMBINED EFFECTS TEST GROUP , 9 .3  

FXPERIHENTAL MEASURMENTS FOR TESTS 9.3.1 TO 9.3. 9 . - -  1.58-IN. DOWNCOMER GAP 

TEST RM-CW-1 RM-CW-2 FT-CW-1 FT-CW-2 RM-HG-1 RM-HG-2 PM-HG-3 
NO IGPY) tGpM) (GPM) ( GPM) ICFMI ICFM) ICFMI 

RM- HC-4 FT-HG- 1 
ICFMJ (CFH) 

TEST' P-CW-1 
NO I P S I G I  

P-C W-2 
I P S I G I  

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
4.0 
0.0 
o,.o 

P-HG-1 
IPS IC) 

10.0 
10.3 
10.5 
9.8 

14.5 

9.2 
10.5 
13.7 
16.8 

TF-HG- 1 
IDEG F I  

94.0 
92.0 
91.0 
96.0 

109.5 

101.5 
96.9 
76.0 
98.0 

LnUFF PLEFJUY FL!IW ----------------------------- 
l h l i r I A L  FINAL TIME O F  
!JE 1';IIT YEICHT CULLECTIOY 
I L i l )  (LO) I ZEC 

BYPASS FLOW .............................. 
I Y I T l A L  F lFlAL T I # €  qF  
WF lGHT HEIGHT Cf lLL rCTIW 

I L R I  ( L H I  ISGC) 

TEST 
4 Cl LEVEL 

( I N )  



TABLE LXV (Contd. j 

COMBINED EFFECTS TEST GROUP 9 . 3  

E X P E R I Y E N T 4 L  YEASVRMENTS FOQ T E S T S  9.3.1 TO 9.3. 9 -- 1 . 5 8 - I N .  OOHNCOYER GAP 

TEST RM-CG-1 PM-CG-2 FT -CC-1  P-CG- 1 P -CG-2  TF -CG-1  TF-CG-2 
NO ' ( C F H I  I C F H )  I C F M I  l P 5 I G l  ( P S I C I  I C E G  F l  I D E G  F l  



TABLE XLVI 

COMBINED E F F E C T S  T E S T  GROUP 9.7 

TRANSPARENT VESSEL TEST DATA FOR TESTS 9-70 1 TO 9.7- 11 -- 1.58-IN. OOYNCOMER GAP 

SUMMARY OF CALCULATED RESULTS 

T E S T  DOWNCOYER DOWNCOMER LOWER PLENUM CCLD L E G  OOWNCOMER WATER FLOW J - A I R  J-UATEQ [ J G * J * * l / Z  (JL* ) * *  1 / 2  
N 0 A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  DOMNCOMER DOWNCOMER 

(LB /SEC I ( L B / F T * * 3 )  ( P S I A I  ( L B / S E C I  ( L B / S E C I  ( F T / S E C )  ( F  T I S E C )  



TABLE XLVI (Contd.) 

EXPERIMENTAL MEASURflENfS FOR TESTS 9rT.l TO 9-7-11 -- 1.58-IN. OOWNCOMER GAP 

TEST R+C+~ RH-CW-2 FT-CW-1 FT-CU-2 RM-HG-1 RM-HG-2 RN-HG-3 
NO (GPrO ( G P ~ )  t GPM) 1GPM) (CFM) (CFM) (CFN) 

TEST 
NO 

9.7. 1 
9.7. 2 
9.7. 3 
9.7. 4 
9.10.5 

9-79 6 
9.7. 7 
9.7. 8 
9.7. 9 
9.7.10 

9 - 1 - 1 1  

P-C W-2 
(PSI G I  

0.0 
0.0 
0.0 
0.0 
0.0' 

0.0 
0.0 
0.0 
0.0 
0 .o 

0.0 

P-HG-1 
(PSI Gt 

10.5 
10.0 
9.0 

14.0 
14.6 

14.7 
10-5 
18.2 
18.8 
16.6 

13.0 



TABLE XLVI ( ~ o n t d  . ) 
COMBINED EFFECTS TEST GROUP 9.7 

EXPERIqENTAL MEASURMENTS FOR TESTS 9.7.1 TO 9.7.11 -- 1.58-IN. OOUNCOMER GAP 

LOWER PLENUM FLOW BYPASS FLOW __-___----_-------------------- ............................... LOWER 
TEST I N I T I A L  F I N A L  T IME OF I N I T I A L  F I N A L  TIME OF PLEN'JM P-LP-1 TF-LP-1 

N 0 WEIGHT WEIGHT COLLECTION WEIGHT WE ICHT COLLECT ION LEVEL I P S I G )  (DEG F I  
( L 9 )  ( L B I  I SEC I l L B l  I L B J  4 SEC l ( I N 1  

TEST 
NO 

FT-CG- 1 
(CFMl 

P-CG- 1 
I P S I G I  



Results from tests in the onedimensional inlet test group are shown in Table XLVII. 

7.2 Increasing .and Decreasing Air Flow at constant Water Flow 

Tests were performed to investigate the influence on countercurrent flow of 
maintaining a constant water .flow rate and consistently increasing the air flow. The 
objective of these tests was to check for hysteresis effects in the method of establishment of 
a test. Some evidence existed in. the literature that a slightly different countercurrent water 
flow at a given aii flow would occur depending on whether the air flow wasincreased from a 
lower air flow or decreased from a higher air flow. 

The test procedures for these tests included the following steps: 

(1) A constant water flow of about 45 gpm was established. 

(2) .The air flow was increased from a volumetric flow of 5 cfrn to a volumetric flow 
of about 125 cfrn in eleven increments. Vessel pressure was atmospheric for 
tests up to air flows of about .60 cfm. ~ b o v e . 6 0  cfm, the valve on the vessel 
outlet was throttled to maintain pressure varying from 3 to 8.5 psig. 

(3) At 125 gpm, a second test was conducted by holding the water flow constant at 
45 cfrn and decreasing the air flow to 55 cfrn in five increments. For these tests, 
the pressure and air flows, were rnatched closely to the pressure and flows used 
during the tests in which the air flows were increasing. 

Results from tests with increasing and decreasing air flow are presented in Tables 
XLVIII and XLIX, respectively. 

Double Annulus Tests 

A series of tests was performed to investigate the influence on countercurrent flow of 
the presence of two parallel downcomer gaps in which the air and water ilows could 
interact: This downcomer configuration was tested because two parallel downcomers are 
crkated in some reactor systems by a cylindrical thermal shield which is supported within 
the downcomer. The objective of these tests was to determine whether the parallel flow 
paths would.cause more water to be delivered to the lower plenum because of large water 
flows in one downcomer and large air flows in the other downcomer. Results from these 
tests are presented in Table L. 

Parallel downcomers were created by modifying Filler Piece A (6.30-inch ID) to allow 
flow in the 0.70-inch radial gap between the filler piece and the vessel as well as the normal 
downcomer flow path (0.53-inch radial gap) between the frller piece and the 5.24-inch-OD 
core barrel.' Modifications to the filler piece included machining the support rings to within 
a short distance of the support pins. Details of the support ring modification are shown in 
Figure 6. The procedures for conducting these tests followed those of the single downcomer 
countercurrent flow tests. 



So0 bNC-8-5645 

Fig. 6 Filler piece flange c o ~ ~ f  yration for. double annulus teste. 



TABLE XLVII 

SPECIAL TEST GROUP 4.10 - ONE-DIMENSIONAL INLET 

TRANSPARENT VESSEL TEST DATA FOR TESTS 4 .10 .1  TO 4.10. 7 -- 0 .49 - IN .  DOWNCOMER GAP 

SUHUARY OF CALCULATED RESULTS 

T E S T  DOWNCOYER 
NO A I R  FL3W 

I LB/SEC l 

OOWUCOYER LOWER PLENUM CCLO LEG DOWNCOUER WATER FLOW J-A IR  
A I R  DENSITY PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  , DOWNCOYER 

( C B / F T * * 3 )  ( P S I A )  (LB/SEC) (LB/SEC)  ( F T / S E C )  



TABLE XLV,I I  (Cont d . ) 
SPECIAL TEST GROUP 4.10 - ONE-DIMENSIONAL INLET 

TEST -+cW-l P-C W-2 P-HG- 1 P-HG-2 P-HG-3 .TF-CN-1  TF-HG-1 TF-HG-2 TF-HG-3 P-BAR0 
NU I P S I G J  I P S I G I  I P S I G )  I P S I G )  I P S I G I  I D E G  F )  I D E G  F )  I D E G  F )  I D E G  F )  I P S I A I  

4.10. 6 ?-(! 0.0 0.0 0.0 33 .O 0.0 80.0 0.0,. 81.0 12.5 
4. LO. 7 0.0 0.0 0.0 0.0 33 -0 0.0 80.0  0.0 81.0 12 .5  

LOWER PLENUM FLOW BYPASS FLOW 
-=----------------------------- ............................... LOWER 

TEST I N I T I A L  F I N A L  T I M E  OF I N I T I A L  F I N A L  T I M E  OF PLENUM - 1  TF-LP-1 
NO WE I G H r  WEIGHT COLLECTION WEIGHT WE I GHT CULL ECT I O N  L E V E L  ( P S I C )  19EG F )  

( h 8 1  ( L B )  I SEC) I L E I  ( L E I  (SEC I I Y I  



TABLE MVIII 

SPECIAL TEST GROUP 5.2 - INCREASING AIR FLOW 
- -, . . . .  - . . .  . . _ . _ \ _ . . _ l .  . . . . . .  . . .  .. - . . . . . . . . . . .  - . , . - . - . - . ,  

TRANSPARENT VESSEL 1 E S T ' O A T A  FOR T E S T S  5.2 .1  TO 5.2.13 -- 0 . 5 3 - I N .  DOWNCOMER GAP 

SUHYARY OF CALCULATED RESULTS 

T E S T  DOWNCOYER OOWNCOYER LOWER PLENUY COLD L E G  OOWNCOMER WATER- FLOH J - A I R  . J-WATER ( J C *  J * * 1 / 2  ( J L * J * * 1 / 2  
54 0 A I R  FLOW A I R  D E N S I T Y  PRESSURE ' A I R  FLOW' WATER FLClW C O N T I N U I T Y  OOWNCOMER DC)WNCO9ER 

( L B / S E C I  ( L B / F T * * 3 J  ( P S I  bJ (LB/SECJ ' ( L B I S E C J  I F T / S E C J .  [ F T / S E C )  



TABLE XLVIII (Contd. ) 

SPECIAL TEST GROUP 5.2 - INCREASING AIR FLOW 

EXPERIMENTAL MEASURMENTS FOR TESTS 5.2.t TO 5 - 2 - 1 3  - 0.53-IN. DOUNCOMER GAP 

TEST RCI-(;W-1 RM-CW-2 FT-CK-1 FT-CU-2 RM-HG-1 RH-HG-2 
NO (GPM) ( GPM 1 GPM) (GPM) (CFM) . (CFMl 

TEST 
NO 

P-C w-2 
(PS IG)  

P-B ARO 
(PSIA)  

12.3 ' 

12.3 
12.3 
12.3 
12.3 

12.3 
12.3 
12.3 
12.3 
12.3 

12.3 
12.3 
12.3 

. . .  



TABLE XLVIII (Contd . ) 
SPECIAL TEST GROUP 5.2 - INCREASING AIR FLOW 

EXPERIYENTAL MEASURMENTS F0.R TESTS 5.2.1 TO 5.2.13 -- 0.53- IN.  OOWNCOMER GAP 

LOWER PLENUM FLOW BYPASS FLOW ----------------- -------------------- LOWER 
TEST I N I T I A L  F I N A L  TIME OF INITIAL F INAL T I M E  OF PLENUM P-LP-1 TF-LP-1 

N o WE I GHT WEIGHT COLLECTION WEIGHT @EIGHT COLLECTION LEVEL IPSIGJ (CEG F I  
I L B )  I L B )  I SEC I LB) (LBJ (SEC ) ( I N )  



TABLE XLIX 

SPECIAL . . TEST GROUP 5.3 - DECREASING AIR FLOW 

TRANSPARENT VESSEL TEST. OATA FOR T E S T S  5.3 .1  TO 5.3. 6 -- 0 . 5 3 - I N .  DOWNCOMER GAP 

SUMMARY OF CALCULATED RESULTS 

T E S T  DOWNCO'4ER OOWNCQNER LOWER PLENUM COLD L E G  DOWNCOMER WATER FLOW J - A I R  J-HATER ( ~ ~ * ) * * l / 2  . [ J L * ) * * ~ / Z  
N C) A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N J I T Y  OOWNCOYER DOWNC!YYER 

( L B / S E C )  ( L B / F T * * 3 )  ( P S I A I  ( L B / S E C I  ( L B / S E C I  F T / S E t )  I F T / S E C I  



TABLE XLIX ( C o n t d . )  
.- . . 

SPECIAL TEST GROUP 5 . 3  - DECREASING AIR FLOW 

EXPERIMENTAL MEASURMENTS FOR TESTS 5.3.1 1 0  5.3. 6 -- 0.53-IN. DOWNCOMER GAP 

TEST ~ ~ c u - 1  RWCW-2 FT-CW-1 FT-CU-2 RM-HG-1 RM-HG-2 RH-HG-3 RM-HG4 FT-HG-1 FT-HG-2 
NO (GPMJ (GPM) 1 GPM l (GPHJ (CF.YI ICFMJ (CFMJ ICFM) (CFM) (CFM I 

TEST 
NO 

5.3. 1 
5.3. .2 
'5.3. 3 
5.3. 4 
5.3. 5 

5-39 6 

P-C W-2 
(PSIGJ 

10.5 
10.0 
9.0 
7.0 
49.5. 

6.0 

LOWER PLENUY FLOW -------------------- 
TEST IN IT IAL  FINAL TIME OF 

NO WEIGHT WEIGHT COLLECTICti 
(LBJ [La) ( SEC 

INITIAL 
WE IGHT 

(LEI  

P-HG-3 
(PSIGJ 

0 .o 
0 0 0  
0.0 
0 00 
0 00 

0 .o 

BYPASS FLOW 

FINAL 
WE I GHT 
(I. B) 

224.5 
348.0 
468 5 
584.5 
b82.0 

TIME OF 
COLLECTION 

(SECJ 

20.0. 
2'5.0 
20.0 
20.0 
20.0 

TF-HG-L TF-HG-2 
(OEC F I  (DEG F) 

130.5 0.0 
128.5 0.0 
126.0 0.0 
124.5 0.0 
120.0 0.0 

113.5 0.0 

LOWER 
PLEN!IH P-LP-1 TF-LP-1 
LEVEL (PSIC) (OEG F1 

( IN)  



TABLE L 

SPECIAL TEST GROUP 7 . 3  - DOUBLE ANNULUS 

TRANSPARENT V t S S E L  TEST DATA FOR TESTS 7.3.1 TO 7 - 3 - 2 1  -- 1.23-IN. OObNCOMER GAP 

SUMYARY UF CALCULATED RESULTS 

TEST 03WNCOMER 
NO A I R  FLOU 

I L e / s E c  I 

.OOUNC3MER LOWER PLENUM 
A I R  D E N S I T Y  PRESSURE 

( L B / F T * * 3 1  I P S I b J  

COLD L E G  OOWNCOMER HATER FLOW J - A I R  
A [P  FLOU WATER FLOU C D N T l N U I T Y  OOWNCOMER 
t L B / S E C I  I L B I S E C J  1 FT /SEC J 

J-WATER 
O'YWNCOHER 
I F T I  S E C I  



TABLE L (Contd . I  

SPECIAL TEST GROUP 7.3 - DOUBLE ANNULUS 

EXPERIMENTAL MEASURMENTS FOR TESTS 7.3.1 TO 7.3.21 - 0.63-IN. OOYNCOMER GAP 

TEST 
NO 

7.3. 1 
7.3. 2 
7.3. 3 
7.3. 4 
7.3. 5 

7.3. 6 
7.3. 7 
7.3. 8 
7.3.. 9 
1 -3 -10  

7.3.11 
7.3.12 
1 -3 -13  
7.3.14 
1 -3 -15  

7.3.16 
7.3.17 

. 7.3.18 
7.3.19 
7.3.20 

7.3.21 

FT-CW-I 
I GPM) 

0.0 
0.0 

80.0 
60.0 

110.0 

90.0 
10.0 
90.0 
70.0 
0.0 

0.0 
130.0 
153.0 
150.0 
150.0 

150.0 
0.0 

130.0 
130.0 
129.0 

98.0 

FT-HG- 1 
(CFM) 

TEST 
NO 

7.3. 1 
7.3. 2 
7.3. 3 
7.3. 4 
7.3. 5 

7.3. 6 
7.3. 7 
7.3. 8 
7.3. 9 
7.3.10 

P-CW- 1 
IPSIG) 

21.5 
17.7 
24.5 
18.0 
25.7 

21.0 
21.5 
21.0 
22.5 
22.5 

P-C W-2 
IPSIGI 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

TF-CW-1 
IDEG F) 

50.0 
48.5 
45.5 
45.5 
45.0 

46.0 
45.5 
46.0' 
48.0 
49.0 

TF-HGl  
IOEG F )  

84.0 
92.0 

108.,3 
108.0 
99.5 

91.5 
95.5 

102.5 
78.0 

107.0 

TF-HC3 
IOEG F )  

0.0 
0.0 
0 .o 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 



TABLE L (Contd. ) 

SPECIAL TEST GROUP 7 . 3  - DOUBLE ANNULUS 

. . 

EXPERIMENTAL MEASURMENTS FOR TESTS 7.3.1 TO 7-3-21 - 0.63-IN. DOWNCOMER CAP 

TEST 
NO 

7.3.11 
7.3.12 
7.3.13 
7.3.14 
7-3-15 

7.3.16 
7.3.17 
7.3.10 
7.3.19 
7.3.20 

7.3.21 

TEST 
NO 

LOWER PLENUM FLOW ------------------------- 
INITIAL FINAL TIME OF 
WEIGHT WEIGHT COLLECTION 

(La) l L 8 )  ISEC) 

140.5 186.5 30.0 
186.5 232.5 30.0 
232.5 307.5 30.0 
307.5 372.0 30.0 
143.5 218.0 20.0 

162.0 262.0 30.0 
262.0 324.0 30.0 
186.5 285.0 30.0 
140.5 268.0 60.0 
268.0 336.5 60.0 

163.5 221.5 70.0 
142.0 411.0 45.0 
183.5 548.5 45.0 
146.0 474.0 35.0 
156.0 448.5 25.0 

TF-CY-I 
(DEC F) 

48.5 
45.0 
44.0 
44.0 
44.0 

45.0 
44.0 
46.5 
47.5 
44.4 

43.5 

--------- 
INITIAL 
WEIGHT 

ILB) 

103.5 
182.0 
263.5 
391.0 
2 19.0 

.111.5 
270.0 
375.0 
130.0 
354.5 

335.0 
114.5 
283.5 
210.5 
368.5 

BYPASS FLOW .----------------- 
FINAL TIME OF 
WEIGHT COLLECTION 

(LEI (SECl 

182.0 15.0 
263.5 20.0 
391.0 15.0 
516.5 20.0 
393.5 15.0 

270.0 15.0 
479.0 3 0 .,O 
650.0 30.0 
354.5 30.0 
495.0 30.0 

137.5 30.0 
427.0 25.0 
618.5 25.0 
614.0 35.0 
627.5 30.0 

692.0 20.0 
212.5 30.0 
567.0 30.0 
348.5 25.0 
244.5 20.0 

555.0 30.0 

TF-HC- I 
IOEC F )  

113.5 
118.0 
106.0 
92.5 
85.0 

90.0 
103.5 
105.5 

75.5 
101.5 

106.0 

LOWER 
PLENUM 
LEVEL 

( I N )  

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
12.0 
12.0 
4.0 

12.0 
12.0 
12.0 
12.0 
4.U 

12.0 



Longitudinal Flow Restrictor Tests 

Countercurrent flow tests were performed with flow ristrictors attached to the core 
barrel. These flow restrictors ran longitudinally along thecore barrel and protruded out into 
the 1.58-inch radial downcomer gap about 1.0 hch. Figure .7 shows a sketch of the 
azimuthal. location and relative dimensions of the. flow restrictors and the downcomer gap. 
Two groups of tests were conducted. In the f i t  test group (Test Group 9.8), the restrictors 
ran nearly the full length of the vessel from the core barrel flange at the top to near the 
bottom of the lower plenum. For the second group of tests, the restrictors were shortened 
at .the upper end such that they began at the top of the downcomer and ran the entire 
length of the downcomer. This latter configuration left the upper annulus region 
unrestricted. 

The objective of these two test groups was to determine whether the longitudinal 
restrictors affected the lower plenum delivery rate and the two-phase flow patterns 
occurring in the downcomer. These tests were considered to be demonstration. testsof the' 
countercurrent flow phenomena that might be expected to occur in the LOFT downcomer 
as a result of the instrumentation stalks that run longitudinally down the core barrel and 
protrude into the downcomer gap. The :tests were only demonstrational because many of 
the pertinent transparent vessel dimensions were not scaled to the equivalent LOFT 
dimensions. 

Results from the longitudinal flow restrictor tests are shown in Tables LI and LII. 

I 

old Leg 
essel Outlet 

Longitudinal Flow 
Restrictor 

ANC-A-5638 

Fig. 7 Location and dimensions of longitudinal flow restrictore. 

208 



TABLE L I  

SPECIAL TEST GROUP 9.8 - LONGITUDINAL FLOW RESTRICTORS 

TRANSPARENT V E S S E L  T E S T  D A T A  FOR T E S T S  9.8.1 TO 9.8.20 -- 1.58-IN. DOWCOMER GAP 

SUMMARY O F  CALCULATED RESULTS 

T E S T  DOWNCOMER OCWNCOMER LOWER PLENUM COLD L E G  DOWNCOMER WATER FLOW J - 4 I R  J-WATER I J G * ) * * l / 2  ( J L * ) * * 1 / 2  
NO A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  D0W;JCOMER DOUVCOMER ' 

I L B / S E C )  ( L B / F T * * 3 )  ( P S I A )  I L ~ / S E C I  ( L B / S € C )  ( F T I S E C )  [ F T I S E C I  



TABLE LI (Contd.) 

SPECIAL TEST GROUP 9.8 - LONGITUDINAL FLOW RESTRICTORS' . 

EXPERIMENTAL MEASURMENTS FOP TESTS 9.8.1 TO 9.8.20 -- 1.58-IN. DOWNCOMER GAP 

TEST RICCW-1 RM-CW-2 FT-CW-1 FT-CY-2 RH-HG-1 RM-HG-2 RM-HG-3 
NO (GPMI (GPMl ( GPMl (GPMI (CFMI (CFMI (CFMJ 

TEST 
NO 

9.8. 1 
9.8. 2 
9.9. 3 
9.8. 4 
9.8. 5 

9.8. 6 
9.8.  7 
9.8. 8 
9.8. 9 
9 - 8 - 1 0  

P-CW-1 P-C W -2 
(PS16I (PS IG I  



TABLE L I  ( C o n t d . )  - 
SPECIAL TEST GROUP 9.8 - LONGITUDINAL FLOW RESTRICTORS 

E X P E R I Y E N T A L  MEASURf lENTS FOR T E S T S  9.8.1 T O  9.8.20 -- 1.5U-IN. OOWNCOMER G A P  

T E S T  P-CW-1 P-CU-2 P-HG-1 P-HG-2 P-HC-3 TF-Ch- 1 TF-HG-1 TF -HG-2  T F  - t i G - 3  P-3ARO 
NO ( P S I G I  ( P S I C I  ( P S I G I  ( P S I G J  ( P S I G I  ( D E G F I  ( O E G F I  ( O E G F I  ( O E G F I  ( P S I 4 1  

L9WER PLENUM FLOW ......................... 
INITIAL FINAL TIME O F  
WEIGHT WEIGHT C O L L E C T I C K  

( L B J  ( L O 1  ( SEC 1 

B Y P A S S  FLOW ............................. 
I N I T I A L  F I N A L  T I M E  OF 
WE I G H T  W E I G H T  C O L L E C T I O N  

( L B I  ( L B J  L S E C I  

LOWER 
P L E N U M  
L E V E L  

( I N )  

T E S T  
NO 



TABLE LII 

SPECIAL TEST GROUP 9.9 - SHORTENED LONGITUDINAL FLOW RESTRICTORS 

TRANSPARENT VESSEL T E S T  DATA FOR TESTS 9.9.1 TO 9.9.14 -- 1.58-IN. DOWNCOMER GAP 

SUMMARY OF CALCULATED RESULTS 

T E S T  DOWNCOMER DOWNCOMER LOWER PLENUM COLD L E G  OOWNCOMER WATER FLOW J-AIR J-WATER ( JG* ) * *1 /2  ( J L e I * * 1 / 2  
N 0 A I R  FLOW A I R  D E N S I T Y  PRESSURE A I R  FLOW WATER FLOW C O N T I N U I T Y  DOWNCOMER OOUNCOMER 

I LB/SEC)  ( L B / F T * * 3 )  ( P S I A I  (LB /SEC)  ( L B / S E C )  t F T / S E C I  I F T / S E C I  



TABLE L I I  ( C o n t d . )  

SPECIAL TEST GROUP 9 . 9  - SHORTENED LONGITUDINAL FLOW RESTRICTORS 

EXPERIMENTAL YEASURMENTS FOR TESTS 9.9.1 TO 9.9.14 -- 1 . 5 8 - I N .  COHNCOMER GAP 

TEST - -  RM-C W-2 FT-CW-1 FT-CW-2 RH-HG-1 RM-HG-2 RM-HG-3 RH-HG-4 FT-HG-1 FT-HG-2 
NO (GPHI  IGPMI  (GPMI (GPHJ (CFM)  I C F M )  (CFM) ( C F N )  ICFM)  ICFM)  

TEST 
NO 

P-C w-2 
( P S I G I  

P-HG-1 
( P S  I C I  

TF-C W- 1 
(DEG F )  



TABLE L I I  (Contd.) - 
SPECIAL TEST GROUP 9.9 - SHORTENED LONGITUDINAL FLOW RESTRICTORS 

EXPERIMENTAL HEASURMENTS FOR TESTS 9.9.1 TO 9.9.14 -- 1.58-IN. DOWNCOMER GAP 

LOWER PLENUM FLOW BYPASS FLOW ------------------- ....................... LOWER 
TEST I N I T I A L  F INAL  T I M E O F  I N I T I A L  F I N A L  T I H E  OF PLENUM 

NO WE1 GHT WEIGHT COLLECTION WEIGHT WE I GHT COLLECTION LEVEL 
l L 8 l  ( L E I  (SEC) ( L E I  ( L  8 )  (SECI  ( I N )  
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AYYEN.DIX A 

DATA ERROR ANALYSIS 

An error analysis was performed to evaluate the total probable and total maximum 
errors in the air and water volumetric fluxes for several representative tests from the 
transparent vessel test program. This error analysis was based on the following assumptions: 

(1) 'Each input to the total probable or total maximum error is normally 
distributed. 

(2) The maximum error limits (reported in Table I11 of the main body of the text) 
for each measurement device assumes 95% of the area of a normal distribution is , 

between the maxinlulrl error limits. 

(3) The inputs to the total probable or total maximum error are independent. 

(4) Measurements were not adversely affected by nonhomogeneous flow. 

An abbreviated Taylor series expansion may be used to  .obtain a first order * * 
approximation to  the total probable errorlA-l 1 in Jg and J This Taylor series expansion * * 
can be more clearly presented if J is assigned to be the independent variable y and J is the g 
dependent variable x. With this definition, the Taylor series expansion which defines the * 
error in J is. g 

* 
and the error in J 1 is 

where 

The experimentally measured variables, 21, 22;. . . zi, when combined in a mathe- 
matical relationship (discussed later), .define either J1 or J* The error computed by the 

g. 
preceding method is referred to in this text as the probable error. 



From a statistical viewpoint, the quantity actually being propagated in the preceding 
equation is two times the coefficient of variance or "the relative error". Stated 
mathematically : 

where oi is the variance associated with zi and Zi is the true value. With the preceding 
definition: 

* * 
where o is the variance of Jg from the combined measurements which define Jg. In a Y 
similar manner, ox can be defined. 

In addition to  the probable error, a maximum error was computed. The maximum 
error is defined as the error that would result if all the instruments which combine t o  make * 
J * and J l  read in such a way that the total error is the sum of the individual inaccuracies. 
hfathematically stated: 

When the relationship between two variables is considered, one variable is usually 
expected t o  be more precisely determined than the other, or the ,uncertainty of 
measurement can be solely attributed to  the dependent variable y ;  that is: 



This type of relationship is not always the case. The error in the dependent and independent 
variables can be of the same order of magnitude. In such a case, the method suggested in 
Reference A-1 is to  assign all of the error to'thc dependent variable in the following manner: 

where oj is the new uncertainty assigned to  the dependent variable. 

* * 
The uncertainties in Jg and J I for the steady state countercurrent * * flow tests were of 

the same order of magnitude; therefore,. the uncertainties in Jg and * J l  were combined by . 
the technique mentioned and assigned to the dependent variible Jg. 

The data from the transparent vessel tests were used' to  calculate the following 
nondimensional volumetric fluxes: 

where D is the hydraulic diameter of the downcomer 

D = DO - Di 

To find the error in J; and 1; 'I2, total differentials must be obtained; that is: 



Division by c r e s u l t r  in 

* * 
The error in d J * ~ ' / * / J * ~ / ~  is one-half the error in d Jg/Jg. Thus, for ease of presentation, * * g 
d Jg/Jg is developed. 

The magnitude of errors in the gas volumetric flux may be estimated by determining 
the total differential in terms of basic measured quantities. From Equation (A-1), the 
dimensionless volumetric gas flux is a function of Jg, D, pg, and p 1. The total differential of * 
Jg is 

The partial differentials in Equation (A-3) are 



Substituting Equations ( A 4 )  through (A-8) into Equation (A-3) and dividing by J * 
from Equation (A-1) gives 6 

The terms d Jg/Jg, dpg/pg, and dp /p 1 in Equation (A-9) require further definition in 
terms of measurable parameters. The basic definition of Jg 

where 

Qg = 
the volumetric flow of the air in the downcomer 

A = the total cross-sectional area of the downcomer 

can be differentiated t o  give 

(A- 1 0) 

A direct measurement of the volumetric flow in the downcomer was not possible due to the 
complexity of the geometry in the downcomer and lower plenum regions. The volumetric 
flow of air in the downcomer was derived from volumetric flow measurements in the system ; 
piping using a mass balance. The measured flow was therefore corrected with the ratio of 
the air specific volume in the lower plenum divided by the air specific volume at the 
measurement location. Using the perfect gas law t o  define the specific volumes at the 



measurement location and the lower plenum in terms of the measured pressure and 
temperature yields 

where the subscripts L and m refer to the lower plenum and the air measurement location, 
respectively. 

The area term in Equation (A-10) can be evaluated by considering the following 
possible causes of errors in downcomer flow area: 

(1) Error in misalignment of core b&el and flller piece 

( 2 )  Dependence of A on wearand scaling 

(3) Variation of A with position in the annulus 

(4) Dependence of A on temperature. 

The area of the annulus is dependent on the filler piece inside diameter and the core 
barrel outside diameter. Neither the area of the filler piece inside diameter nor the area of 
the core barrel outside diameter is dependent on the position of the core barrel within the 
vessel, and therefore, the annulus area is not dependent on position of the core barrel within 
the vessel. The vessel liner was measured after the test was completed. No indication of wear 
and only negligible scaling was observed. From measurements of the vessel liner and 
tolerances for construction of the core barrel, the dependence of A on position in the 
annulus is determined. By using the following definition for annulus area: 



Ule following results: 

(A- 1 2) 

In computing dA/A, the term dDo was taken to be 

112 [Do(max)  - D 0. ( m i n ) ] .  

I . ,  a , 

The same technique was employed for dDi using the tolerances given for the 
construction of the core barrel.. 

- .  
-I .I . 

The dimensions of the vessel and vessel internals were measured at room temperature, *.. 

but some tests were conducted with the water substantially below this temperature. An 
equation describing the effect of temperature on cross-sectional area can be derived using . $.( ?. 

the coefficient of thermal expansion for the plexiglass filler piece or vessel and for the 
aluminum core bake1 considering the change in diameter with temperature . . $.,. . ., 

This equation shows that this component of error is small because for the case for which 
ap = aa, the equation reduces to 

Since both aa and up are small and AT is not larger than about 4 0 ° ~ ,  the contribution of.  
temperature to the error in annulus area would be negligible .The corresponding effect of 
the temperature on the diameter terms in Equation (A-9) would also be negligible for the. 
same reasons as discussed for the flow area . 



Substitution of Equations (A- 12) and (A- 1 1) into Equation (A- 10) leads to  

(A- 1 3) 

The term dpg/pg in Equation (A-9) can be defined by differentiating the perfect gas 
law to  give (in terms of the lower plenum properties) 

(A- 1 4) 

The term dpI/pl  in Equation (A-9) can be derived assuming the liquid is 
incompressible and that changes in p 1 are caused only by temperature changes so that 

but from the property table for water 

for the range of temperatures used during testing; therefore, this contribution to the total 
error would be so small as to be negligible . 



Substitution of Equations (A- 13) and (A- 14) along with dp /pg% 0 into Equation 
(A-9) results in 

This equation can now be used to define the maximum and probable errors for the gas 
volumetric flux. 

The errors in the liquid volumetric flux can be evaluated using a method similar to 
that used for the air volumetric flux. From Equation (A-1), the liquid volumetric flux can 

'be differentiated and the partial derivations evaluated to give 

(A- 1 6) 

The term dJl /J1 must be evaluated in terms of measured quantities. Through use of a 
method similar to  the derivation of Equation (A-10): 

(A- 1 7) 
\ 



The dA/A terms have already been evaluated and are given by Equation (A-1 3). 

Use of the weigh tank measurements for liquid flow in the downcomer results in a 
volumetric flow measurement defined by 

where 

M = the measured mass from the weigh tanks 

t = the collection time. 

Differentiating and dividing by Q1 gives 

but dp 1 / p  1 has been shown to  be negligible, so the preceding equation along with Equation 
(A-13) can be substituted into Equation (A-17) which along with Equation (A-14) can be 
substituted into Equation (A-1 6) to  give 

(A- 1 8) 

I 



Equation (A-18) can now be used to  define the maximum and probable errors for theliquid 
volumetric flux. 

By taking all nonmutually exclusive error terms in Equations (A-15) and (A-18). 
positive, maximum error Equations (A-19) and (A-20) are obtained. 

d q  1 
(max) = - 

iT 2 

7.. 

I 

(A- 1 9) 



. The probable errors for these quantities are expressed by 



2. RESULTS 

The equations for the dimensionless volumetric fluxes defined in Equation (A-1) have 
been reduced to  basic measured quantities so that the maximum and probable errors can be 
calculated. Table A-I summarizes the maximum and probable errors for selected transparent 
vessel tests. An examination of the distribution of the components that make up the 
maximum errors indicates that errors in the pressure and turbine flowmeter measurements 
are the largest contributors to the errors in the calculated volumetric fluxes. 

TABLE A-I  

PROBABLE AND MAXIMUM ERRORS 

Probable Error (%) Maximum Error (%) 

d Total[al TesE 'g -. 
7 . 1 . 3 2  0 .1887 0 .9175  4 . 4  2 . 7  5 . 2  9 . 8  5 . 1  11 .04  

[ a ]  Assigned ro rhe dependent var iab lk ,  J *. 
g 
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