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SUMMARY

Three sets of air-water tests were performed using the small
break (S-07-10) spool piece 41 to investigate annular-mist two-phase

.

flow effects upcn the drag coefficient of a full-flow multihole drag

plate. Spool piece 41 was used in Semiscale Test S-07-10 to measure
'

the break mass flow rate, and detailed information about the two-phase

drag coefficient is required to made an accurate mass flow rate
measurement. This report summarizes the air-water data taken for the

purposes of developing drag coefficient correlations. Data presented

includes fluid properties, mass flow rates, drag force measurements,
density distributions, and momentum flux distributions.
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_ _ _ _ _ _ __ _ _

I. INTRODUCTION

During the Semiscale small break Test S-07-10 a spool piece,
consisting of a hinged multihole drag plate and a low energy

.

densitometer, was installed between the break orifice and the ruptJre
disc assembly. This spool piece was installed to provide a mass ficw
rate measurement of the steam / water mixture exiting the system.

During air / water check out tests (designated test series 581) of the
spool prior to its installation for the small break test, it was

discovered that at the high momentum fluxes and low density flows,
,

such as predicted at this measurement location for the 5-07-10 test,
the value of the drag coefficient for the hinged multihole hole drag

,

plate was increasing from its single phase (water) value. This |

increase was found to be on the order of 4 times the single phase
value. Calculation of the mass flow rate for the Semiscale small
break test requires an accurate knowledge of the drag coefficient. i

Therefore, following S-07-10 two test series (designated SB2 and SB3) |
| were performed in the air / water loop. The primary purpose of both of

tht .e test series was to investigate the effect of variouss

annular-mist flows on the drag coefficient for the drag plate. The

two test series were essentially identical (test point designations
and flow rates were the same) with two major dif ferences. During test
series SB2 a Cd-109 source was used with the scanning densitometer,
and the flow disperser (part number 411018-3) was installed (as it was

for test series SB1). During test series SB3 an Am-241 source was

used with the scanning densitometer (with single channel analyzer,

window set on the 17.8 kev x-ray peak), and the flow disperser was not
installed. The Am-241 source was used to provide better low density

resolution and the flow disperser was not installed to investigate its
effect on the drag coef t icient.

.

i

j This report provides a summary of the experimental set-up used
and the data which was taken. Some data reduction has been performed

| (i.e. calculation of individual phase densities and mass flow rates),
however, analysis of particular asp. cts of the data will be summarizedi

| in later reports.

;

90010197
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II. DESCRIPTION OF HARDWARE O
Calibration of the small-Dreak spool piece 41 was carried out in

the Air-Water Loop Test facility using the horizontal 1-1/2 in.
schedule 160 pipe line between the air-water mixer and the separater

-

Physical arrangement of the components and instrumentationtank.
utilized for this calibration is shown in Figure 1, and described in

-

the following section. The small-break spool piece 41, and the
low-energy scanning densitometer are described in detail in individual

sections.

1. TEST SECTION CONFIGURATION

The test section configuration used for the small break spool

piece calibration is shown in Figure 1. The plexiglass pipe section

together with the low-energy scanning densitometer were mounted
approximately 150 diameters from the air-water mixer. Spool piece 41

was mounted 10.3 diameters downstream of the plexiglass pipe section,
and the instrument washer immediately af ter and against the spool

piece.

A hinged multihole drag plate (shown in Figure :) was mounted in
,

1

the instrument washer and used to measure two-phase momentum flux.

Mounting configuration was with the force transducer in the horizontal
plane. The force transducer used was a variable reluctance transducer
developed by EG&G as a force sensor for the measurement of the drag 1

/force on the body. The force exerted on the perforated drag plate 1

|compresses a spring, the displacement of which is proportional to the
exerted f orce. The voltage output from the signal conditioning
electronics is thus proportional to the spring displacement and the

.

exerted f orce. This transducer was designed for a full scale

displacement (at the spring) of 1.27 mm (0.05 in.) at which point the
.

output voltage equals 10V.

in tabulatedA differential pressure cell (noted as APDRAG

data) was ' connected between the interconnecting flanges of the two

spool;p($ecbbith the instrument washer sandwiched between. allowing(. . '

90010198
2
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measurement of the pressure drop across the drag device. A pressure
O
Q cell was also connected on the high pressure leg of the differential

pressure cell and was used for measurement of pressure at the drag
device.

A five point pitot-tube rake (shown in Figure 3) was inserted in
- the plexiglass pipe section with the object of measuring the momentum

flux profile along a vertical pipe ditmeter. This was accomplished by

connecting the high pressure side of a diff ential pressure cell to

each tube of the rake and connecting the low pressure side of the cell
to a common header, which was connected to a static pressure wall tap

in the plexiglass pipe section. Figure 4 shows the plexiglass pipe ;

segment with the pitot tube rake installed. This arrangment allowed

measurement of the dynamic pressure of the fluid at five locations
along the vertical diameter. Since the dynamic pressure of the fluid
is a direct function of the momtentum flux, this measurement is

equivalent to a local momentum flux measurement.
4 A
I The scanning densitometer was mounted at the plexiglass pipe

section. Data obtained provided both density distribution information
and accurate cross-sectional average densities.

Three reference turbine flowmeters of different ranges and a
thermccouple were installed in the water supply line, upstream of the
air-water mixer with the purpose of measuring the water mass flow
rate. Also, two reference turbine flow meters, a pressure cell and a

thermocouple provided measurement information of the flow, pressure, j

and temperature of the air in the air supply line for determination of

the air mass flow rate prior to the air-water mixer.

*

A thermocouple downstream of the instrument washer measured the

fluid temperature at the output of the spool piece.
.

A complete list of instrumentation from which data was taken is
provided in Table I.U 90010201
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TABLE I

INSTRUMENTATION LIST AND RANGES '

Tr ans ducer Serial Measurement Measurement :

ID Number Range Uncertainty
]_

Reference Water
Turbines

QW 3/4 (3/4 in., Flow 'l
'

lechnology) 120747 0.060-1.577 L/s +0.015 L/s
'

QW l (1 in. Flow
Techno!cgy) 160521 0.32-3.155 L/s +0.03 L/s 1

QW 3 (3 in. Flow
Technology) 48127 2.5-18.93 L/s 10.2 L/s ;

l

Reference Air I

Turbines )
|QA 3/4 (3/4 in., Flow

Technology) 120745 0.5-11.8 L/s +0.25 L/s
QA 2 (2-1/2 in. Flow

Technology) 7425-2012 14.0-118.0 L/s +2.5 L/s

Test Section Temperature N/A 273-5840K 12 OK
l

Air Inlet Temperature N/A 273-5840K +2 OK

Water Inlet Temperature N/A 273-5840K +2 OK |,

|
~

|

Air Inlet Pressure CEC-69874A 86.2-1471.0 kPa +14.7 kPa

+4.3 kPaTest Section Pressure BLH-77711 86.2-432.2 kPa
,

Pressure at Scanning
Densitometer CEC-4667 186.2-509.0 kPa +5.1 kPa

Differential Pressure
Across Drag Plate BLH-72385 0-169.4 kPa +1.7 kPa

Drag Forcea SD004 0-18.57 N +0.093
0-46.0 N 10.23

Pitot Tube Rake
.

DPl (Top) BLH-53324 0-99.7 kPa +0.5 kPa
DP2 BLH-77932 0-102.3 kPa T0.5 kPa
DP3 (Center) BLH-44296 0-102.9 kPa 70.5 kPa .

DP4 BLH-72384 0-167.7 kPa 70.9 kPa
DPE (Bottom) BLH-73542 0-167.5 kPa 10.9kPa ea The force transducer has interchangeable springs to vary the
range. ,Two,different ranges were used in the testing.

,

i si J

900102048
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2. SMALL BREAK SPOOL PIECE

I

j The instrumented spool piece used in these air-water tests was
comprised of an instrument washer (DN 410963)0 containing a hinged

.

multihole drag plate, sandwiched between two spool piece halves. The

upstream spool piece half was the spool piece made for the small break
.

tests (DN 411004-1) and contained the filler sleeve for mounting the
flow disperser (DN 411018-1 and 3). The mounting configuration of the

assembly used during the Semiscale small test is shown in drawing

number 411021. The downstream spool piece half was a standard broken

loop spool piece (1-1/2 ABL-3, DN407671) made for inserting a turbine
housing. This spool was used during the air-water testing to provide
a proper mating surf ace for sealing to tM instrument washer.
Standard Semiscale type pressure ports were provided in the flanges on
each of the spool piece halves.

3. SCANNING DENSITOMETER

The primary purpose of these test series was to investigate the
effects of annular-mist flow regimes on the two-phase drag coefficient
of the multihole drag plate. However, to calculate the drag

coeff thkth brih(jnl[st first calculate the two-phase momentum flux.

This calculation requires an accurate measurement of the void fraction
(or cross-sectional average density) at the test section. To obtain

the void fraction measurement a low energy scanning densitometer was

used.

The scanning densitometer consists of a fixed single x-ray

source (Cd-109 or Am-241 were used) located on the horizontal
centerline of the test section. A liquid-nitrogen-cooled Si(Li)

,

detector moves in a circular arc about the source on the f ar side of

.

the plexiglass pipe section.

a. Applicable drawings are attach J.

e ppendix A for a more complete description of the scanning.

densitometer.

90010205 |
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This pulse-type system uses a single-channel analyzer set on an Ky

x-ray peak, and a counter and timer. For these tests the detector was
stopped for a set counting time at each of 25 positions over the flow
cross section. The total number of counts at each position was output

on a teletype while the detector was moving to the next position.
'

The successive detector positions essentially cover the entire -

flow area giving a sufficient number of data points to indicate steady
state density distributions and to obtain cross sectional average
densities very accurately. A detailed description of the scanning
densitometer is provided in Appendix A. As a part of the data

reduction for the scanning densitometer, background and scattering
corrections were applied as required. These corrections were only

required when the Am-241 was used and are detailed in Appendix B.

Density distributions obtained from the scanning densitometer are
presented in Figures 6 through 106. In these figures the chordal
average density obtained for each beam is plotted versus the elevation
of the beam center (nondimensionalized by the pipe radius?.

90010206
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III. TEST DESCRIPTIONp
d

The Air-Water Test Facility where the calibration of the
small-break spool piece 41 was carried out consists of a centrifugal
pump, air compressor, air-water mixer, separation tank, heat exchanger
and associated control valves. Also provided are single phase turbine

.

flow meters, and pressure and temperature measurement instruments

necessary to calculate separate mass flow rates of the air and water
flows before mixing. Data acquisition and engineering unit conversion
was provided by a Hewlet-Packard 2100 computer. Calibration was
conducted in horizontal 1-1/2 in. schedule 160 piping.

A pictorial view of the Semiscale Air-Water Test Facility showing
the physical location of the test section is given in Figure 5.

1. TEST PROCEDURE

|
The general test procedure was to establish a desired flow

]

v condition and then to collect data during a 16 s sample period
consisting of 4600 actual samples per measurement. During this time
period, the scan of the scanning densitometer was initiated, and care
was taken to maintain constant air and water flow rates until the scan
was completed. All data (other than from the scanning densitometer)
was recorded on digital magnetic tape and later processed by a
computer program which (assuming steady-state conditions) reduced the

4600 actual samples to a single average value per measurement.

Prior to the start of two-phase testing a set of single phase
flows (i.e. all water and all air) were run to obtain the single phase
drag coefficient of the drag plate. During the two-phase testing,

.

dh{@t59fetestpointswererunwithaconstantairsuperficialvelocity
at the test section during the set, and with the water superficial

.

velocity increasing between test points. The flow was returned to
zero before and after each set of test points to check for mechanicalO
sticking of the drag force transducer and drift in the differential

pressure transducers.

90010207
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IV. CALCULATIONAL FORMULAS |
.

The following formulas were used to obtain the thermodynamic

properties of the individual phases at the reference turbines and test
section, and the mass flow rates of the individual phases.~

1. AIR DENSITY-

The density of the air is obtained by assuming the ideal gas law,
resulting in

kg- K P (kPa) (1)A (kg/m ) = 3.49 3p

m -kPa T (UK)

where P is the pressure at the measurement location
T is the temperature at the measurement location.

2. WATER DENSITY

The density of the water was obtained using a computerized set of
steam tables which are based on the ASME steam tables.2

3. AIR VISCOSITY

The viscosity of the air is obtained from a linear fit to a

ltable of air viscosity versus temperature, over the temperature
0range of 285-430 K. The resulting linear fit is,

pA (poise) = -0.846+0.1558dT(K) x 10~ (2)

4. WATER VISCOSITY.

The formula for the viscosity of the water is given in the ASME..
>e . ,

Steam Tables 2

247.8

T( K)-140 .x 10-4 (3)p ,(poise) =' 2.416 x 10

90010209
13
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5. SURFACE TENSION AT AIR-WATER INTERFACE

The surface tension at the air-water interface is obtained from a
third order fit to data, over a temperature range of 290-320 K and

is given by

"

c(dynes /cm) = 4231.77 - 40.272 T ( K)

+ 0.130416 T ( K)2 - 1.41328 x 10-4 T ( K)3 (4)

6. AIR MASS FLOW RATE

The mass flow rate of the air is obtained by multiplying the air
density at the reference turbine (obtained from Equation 1 using the
temperature and pressure at the turbine) by the volumeteric flow rate
as measured by the reference turbine or,

m g/s) = P 9/* ) * /s) 1000(L/mb (O
A A A

7. WATER MASS FLOW RATE

The mass flow rate of the inlet water is similarly obtained by

multiplying the water density (obtained from the steam tables based on
the fit.id temperature) by the volumetric flow rate measured by the
reference turbine, or

3 3m (kg/s) = p (kg/m ) x Q (L/s) 1000 (L/m ) (6)
g g

8. FLOW QUALITY

.

The flow quality of the two-phase mixture is defined as the ratio
of the gas mass flow rate to the total mass flow rate and is given by

gx=A/(A,+A,) (7)
3

| 90010210
| L 30:um 14
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9. VOID FRACTION

The cross-sectional average void fraction of the flow is obtained
using the cross-sectional average density, from the scanning
densitometer, and the individual phase densities

a = (p - p)/(p - p,)'

where 5 is the cross-sectional average density from the scanning
densitometer.

90010211
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V. DATA PRESENTATION

The following tables present the time averaged values for the
data collected during the three air-water test series reported here.
Tables 2, 3, and 4 present the raw data. Tables 5, 6, and 7 present

the calculated quantities (i.e. mass flow rates, phase densities, flow
*

qualities,etc.). These quantities are all calculated using the time
averaged values from Tables 2-4. Tables 8, 9, and 10 list the
thermodynamic fluid properties of the individual phases of the test
section using the measured temperature and pressure. Tables 11, 12,

and 13 list the data obtained from the pitot tube rakes, in terms of
alocal momentum flux , and the pressure drop across the drag device.

Density distributions' obtained from the scanning densitometer are
presented in Figures 6 through 106.

O

.

a. The values listed are equal to twice the measured pressure drop
in Pascals (i.e. 1 Pa = 1 kg/m-s2),

O
1

|

90010212-"
-
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c. w
t- TABLE 2__,

%v
-~

MEASURED QUANTITIES FOR TEST SERIES SBl

.
=
(Z2 WATER TEST SECTION DRAG VOID

TEST AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION APORAG
(L/s) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)

SBC9A C.C0CC 3CC. 86.0 1 5300 302. 302. o6.0 .353 3.000C .5
58048 0.C000 3CC. 66.0 1.5400 309. 3C9. 86.0 400 0.00cc .o
5 8u 9 C .t.CvCC 3sC . E6.C 1.5400 309, 309. 86.0 .383 0.0000 .o
561CA 0.CJCC 3CC. E6.0 2.C300 303. 3C3. 86.u .570 0.00CC 9
561Gd C.CJCC 300. E6.0 2.0100 309 3CS. 66.0 .560 0.0900 .9
SE10C C.C3CC 300. E6.0 2.C300 309. 309. d6.0 .540 0.0000 .6
5BilA C.CJCC 3CC. E6.0 2. 3 AJO 303. 303. 86.0 .750 9.00cc 1.2
5B118 0.00CC 3C0. E6.0 2.3C00 309 309. 86.0 740 0.030C 1.1
SeliC C.CJCC 3CC. E6.0 2.31J0 310. 309. 80.0 .710 0.0000 1.1
5B12A C.COCC 3CC. 86 0 2.5900 304. 304. 86.0 920 0.0000 1.5
Sel2B C.00CC 3CC. E6.0 2.5900 309 309. 66.0 930 0.0000 1.1
Sel2C C.C3CC 3CC. E6.0 2.5600 310. 31C. 86.0 .870 0.00v0 1.3
SE13A G.COCC 3CC. 06.0 3.1400 304 304 86.0 1.340 0.00CC 2.2"

" SB13E 'C.CJCC 3CC. 66.0 3.1100 308. 3CE. 86.0 1.320 0.0300 2.1
5813C C.CJCC 3CC. 66.0 3.15CC 310. 31C. 86.0 1.330 0.0700 4.0 gSel4A 0.COGC 3CC. t6.0 3.6200 305. 3C5. e6.C 1.760 0.00CC 2.9
SB14b C.C3CC 3CC. 66.0 3.6200 306. 3v6. 66.C 1.790 0.000G 2.6 @SE14C G.COCC 3CC. 86.0 3.6200 310. 310. 86.0 1.750 0.0000 2.7
SB15A 0.C3CC 3CC. 66.0 4.3900 305. 305. 86.0 2.560 0.000C 4.1

%c5815E u.000C 3CC. 86.0 4.4230 308. 306. 86.0 7.640 0.0000 4.1
SElic C.C0CC 300. P6.0 4.4600 310. 31C. 86.C 2.640 0.0000 4.1
1ElcA C.0000 300. 66.0 5.0600 306. 356. 60.0 3.300 0.000C 5.4
a21t6 C.C300 300. 86.0 5.C 700 308. 306. d6.C 3.460 0.01Cu 1.4 @5816C C.C)CC 3CC. E6.C 5.C600 310. 31C. 86.a 3.400 0.0000 1.2
SS17A C.CJCC 3CC. 66.0 5.6600 336. 300. 36.0 4.733 0.0300 6.7
d oi 78 C.CJCC 3CC. 66.0 5.e500 306. 3CE. 6t.C 4.293 0.0360 e.t c= 3

@aSE17C 0.03CC 3 C.C . E6.0 5.6400 31J. 31C. 66.0 4.270 0.0000 c.5
g SBina C.cJCC 300. 66.0 8.Cluv 337. 3C7. 86.C P.420 3.0100 12.9 c==Selte C.s)CC 3(C. E6.0 7.9600 308. 300. 96.0 F.390 0.09CC 12.ec) SEleC C.90CC 3CC. 86.0 8.CC00 311. 311. 86.C 8.430 0.09dC 12.9O 5819A C.c0LC 200. E6.0 6.3700 3J7. 3C7. d6.0 9 . 3 5 ') 0. 0 % C 14.2
- SE14e C . C 3 C.C 300. Eo.C 8.360C 3s7. 307. 86.0 9.337 0.07JC 14.2
o S B19C C.v]GC 3C'C. E6.0 8. 3 E:30 311. 311. c6.3 9.391 0.01CC 14.2
N aE27A IC.43CC 294. 416.3 C.CC00 3J0. 252. 70.7 .313 1.0100 .5

5 E2 7 f 10.ClcC 296. 414.e O.CC00 300. 253. d9.6 .330 1.C?ct .e_ 5827C v.4360 25t. 415.3 0.0C00 330. 294 39.2 .327 1.C000 .t
LN SU2 r A 15.22Cr 296. 416.6 0.sCOG 300. 26C. 94.9 .640 1.0000 1.7,

hE2et 14 2200 296. 415.3 0.CCJC 3J0. 292. 93.7 .640 1.00vC 1.9
hFc-( 14.13CC 296. 4 15.6 C.LCGC 300. 294. 93.1 .640 1.01ua 1.C
S E s '- 21.t1CC 299. 415.1 3.CCJO 300. 26e. 1D_.9 1.360 1.00LC 1.7

I teZ9t 21. 55 CC 29t. 417.9 C.CC00 300. 291. 104.C 1.450 1.00cc 3.2
SE/4C cl.77CC 29t. 415.5 0.C000 300. 293. 104.0 1.460 1.00LC 2.9

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ ________ - _____ _ -______ __ -________________
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TABLE 2 (contd)

r
_

L'~ WATER TEST SECTION DRAG VOIDC TEST AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION APORAG
} (L/s) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)

.._
-

u%.

.-

SB3CA 30.240C 299. 413.8 0.CC00 300. 269. 113.9 2.490 1.0000 43SB3Ce 29 6900 29e. 416.5 0.0000 300. 29C. 113.6 2.650 1.0000 5.3
SE3CC 29. 32 0C 297. 414.4 0.C000 300. 292. 114.7 2.460 1.0000 4.6
58314 37.t9CC 299. 412.1 C.CCou 300. 28e. 124.o 4.070 1.000c 7.eSE31E 37.3600 295. 415.8 0.0C00 300. 269. 125.3 4.280 1.01CC b.458310 37.5900 291. 413.2 0.CCOC 300. 292. 126.8 4.140 1.00C0 6.CSb32A 47.5200 299. 414.6 0.0C00 300. 269. 142.9 6.260 1.00CC 12.4SB326 48.5300 294. 415.6 C.CCCO 300. 269. 146.1 6.660 1.0000 13.2SE32C 40.540C 290. 412.1 0 4E00 300. 291. 146.5 6.490 1.0000 12.9SB33A e4.COCC 29t. 477.6 0.0C00 300. 268. 272.5 14.240 1.0000 26.75833E 79.62CC 289. 414.9 0.LC00 300. 287. 233.7 12.110 1 00C0 24.65033C o2 270C 294. 415.5 0.CC00 300. 290. 237.7 12.310 1.0000 25.0SB34A t i . 73 0C 290. 549.8 C.CC00 300. 289. 314.1 16.150 1.000C 33.1SE 37 16.7100 299. 7C7.3 .1900 300. 299. 67.3 5.320 9879 9.c5BG3t 30.87CC 3C3. 694.4 .2000 302. 295. 129.3 10.190 .992C 21.15P043 .36CC 298. 699.2 4.2300 299. 299. 150.5 5.830 .3431 13.6

-

m dBC4% .t500 299. 697.0 4.200C 301. 301. 161.9 6.560 4205 14.15204L 2.65 LL 3C1. 697.8 4.1500 303. 3C4. 222.4 10.530 .5927 19.6SBc4L 5.EOCl 3C1. 740.6 4.1700 304 3C4 305.2 16.150 .7063 31.0SE04e 17.e7CC 29t. 696.6 4.0600 302. 3C2. 461.1 27.530 .7965 55.2
i SBL49 15.E4CC 296. 696.7 4.C400 303. 303. 461.2 27.250 .7965 54.9SBJ56 1.2000 29i. 690.C 7.7000 296. 298. 286.2 20.627 .26C2 49.7,

SBLt7 2.19CC 292. 6E4.9 7.2900 301. 3C3. 352.9 23.400 4075 50.5
'

SEC5e 5.034C 293. 690.6 6 . t 70 0 304. 304. 418.2 27.233 .5264 56.6
| 58U59 7.020C 294 692.7 6.6C00 305. 305. 460.C 29.770 .58e6 60.e

.

m
O
O

'

N

. . . .
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1 TABLE 3_

c; C
; MEASURED QUANTITIES FOR TEST SERIES SB?

c __
WATER TEST SECTION DRAG VOID

TEST AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION APDRAG(L/s) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)
___

_

SECC9 C.r0CC 3CC. ICC.C 1.3530 304 3C8. 100.C 400 ' O.000C .7SeC1C C.93CC 300. 1t .C 1.e33c 30s. 30e. 100.0 .630 0.00cC 1.058011 C.t3CC 3CC. 1er.C 2.E650 309, 3CS. 100.0 1.4RO 0.00CC 2.2SEs12 . . C O Cf. 300 . 1 : .t 4.tf9C 30s. 3CE. 1J0.0 3.940 0.0000 5.1SE013 C.C3CC 3CC. ICC.; e. 2 4F c 3nd. 3CE. 13C.C 7.000 0.00CC 9.05E014 C.COCC 3CC. 1Co.C E.23CC 306. 3C8. 100.C 12.390 0.0000 15.7S EC 9 E C.t3CC 3CC. ICC.C 1.345G 312. 312. 100.0 .310 0.0000 15.7SelCe C.CJCC 3CC. ICC.C 1.E20C 313. 313. 100.0 .570 0.0100 15.7SellE '.tJCL 3.C C . 1; C .C 2.612C 313. 313. 100.0 1.390 0.0^00 15.7
.

5812E L . C 3 C'C 3CC. I C C . r- 4.ti3C 313. 313. 100.C ?.760 0.0000 15.75213E C.C3CC 3CC. ICC.C 6.21)G 314 314. 100.0 6.710 0.PACC 15.7 ,M
"

* SB14P L.C3CC 3CC. IC:.G d.2600 314. 314 10C.; 12.250 3.000C 15.7SBL23 24.C7CC 3Ct. 3cc.C C.CCJC 3J0. 295. 141.8 1.0*0 1.COGC .1 b b3SEG24 26.43CC 3Ci. 344.c C.s(JC 300. 295. 141.4 1.500 1.00CC .7 Q 358C25 35.99CC 312. 319.C C.CC30 3 3' . 296. 172.4 2.3PC 1.00CC 2.0JSE026 37.430L 314. 3ce.2 C.CCOC 300. 296. 139.t ?.900 1.00C0 2.7 $3'P_)58027 42.2JCC 313. 345.: C.CCJO 300. 3C2. 142.C 3.643 1.COCG 4.0SEC2F FC.41CC 313. ?!7.0 0.CCJC 330. 3C3. 199.9 10.910 1.CCCC 16.6S E 3 c_ ti.96CC 311. 3'3.4 C.CC00 290 30C. 203.7 12.430 1.0000 20.3 6 9SE22E le.17CC 3CC. 3'i.' ' . t r. Y 30'1 299. 140.6 1.450 1.000C 26.35E23P 23. 7CC 3C1. 3i!.C ".Ci)C 3 0.. . 299. 141.C 1.670 1.0000 20.35624P c b . 2 '> C C 303. 340.* ..CCOC 3A. 296. 14C.1 1.C63 1.C"CC 2C.33E25c 23.12(C 3C4 3 4 9.t C.CC00 3A. 298. 140.4 2.610 1.CCCt 2C . 3 ha cUSE2tP 37.49CC 3C7. 349.5 0.tLCC 303. 296. 139.7 3.380 1.00CC 2C.3g
SE2iF '2.tiCC 31C. 3c;. c.CC7C 3 10 . 296. 139.9 4.420 1.00CC 20 3 ggC 5EC?1 re.20CC 316. 344.7 .C772 3 /? . 3C4 204.5 12.490 9916 20.3O SEC3? 7C.55CL 311. 410.5 .C73C 3J1. 296. 247.5 12.7'"' . colt 21.1 MSEC33 fe.4oCC 322. 42s.4 .ieC 3;2. 297. 254.9 13 . 4 '' ) 9914 22.0

-

o SEC3s 65.97CC 323. 4 % .C .2C70 3C2. 299. 264.4 14.25" 9a93 23.3 bSE335 62.'iCC 323. 453.2 .2970 303, 3C1. 276.6 15.520 .C?t4 25.3N SBC26 ' 7. 90 C C 324 Alb.C .Atc0 303. 3C1. 295.3 17.970 .CR23 29.1~" 58C37 tc.t7CC 323. '(C.C .637C 3J3. 3 C 1. 315.2 20.820 .C743 32.9(J1 SEC3- 45.c9CC EiE. 547.4 .C12C 3( 3. 3C2. 33C.1 23.120 .9433 35.93EG3C ac.2]CC 317. !( ..? 1.346L 333. 3 C 3. 335.C 23.640 .9071 37.5sea 4r '" .;'tC 232. .1 1. cgs 3G3. 3C3. 318.: 20.??O .c792 33.5
' ''

|

|
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TABLE 3 (contd)

T
WATER TEST SECTION DRAG V0ID-.

TEST AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION APDRAG
^

.

{C] (L/s) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)
C
C
'" $EC42 5c.i CC 3C5. 34t.7 .C630 303. 295. 208.6 7.040 0001 10.5SBC43 56.52CC 2CE. 347.C .1320 334 290. 206.5 8.600 9966 12.9SE044 56.72CC 3C9. 347.C .193C 305. 296. 206.2 10.370 9939 15.9S EC 4 5 fe.51CC 314. 421.t .2950 3 05 . 3CC. 252.6 14.059 0929 22.158046 51.630C 317. Sci.3 .460C 305. 3C2. 334.8 20.790 9017 33.152046 Pt.27tC 294 345 .2 .Ct90 246. 269. 136.6 2.636 .9044 3.eSEG49 25.52CC Sct. 3c5.3 .;45C 3J1. 293. 137.t 3.710 0926 5.3S EC 5C 25.48CC 312. 34 .4 .2C7, 3>2. 296. 141.2 4.350 .9895 6.3SEG51 36.24CC 315. ?c5.9 .2970 ?ab. 3CC. 20e.2 6.99n 0911 16.1S8052 37.ESCC 321. 3ce.2 .4:70 309 3C5. 206.3 9.560 0837 14.258C53 42.3300 336. 416.5 .t260 300 3C7. 277.3 14.280 .o83e 21.153054 39.29CC 314. 474.2 .9100 3so. 307. 295.9 19.270 9736 30.7m S BC 5 9 le.68(C 3C6. 346.2 .2CIC 310. 303. 124.6 1.170 .9352 5.3o SBG59 28.wCCC 3Ct. 34 3.E .2999 311. 3Ct. 194.3 4.600 .9R5C 7.1SB0tC 20.C2CC 312. 345.e 452C 311. 3Ce. 19e.1 6.170 973c 9.752061 26.CLCC 323. 34 .3 .e250 311. 309 197.1 a.250 . C611 13.35B0t2 29.t3CC 314. 3t2.c .9C6C 311. 310. 237.7 11.070 9445 16.2SEcc3 Ze.tJtC 316. 4t2.5 1.3500 311. 310. 27u.3 1".080 .9193 26.3583t6 ll.loCC 296. 349.C .Cies 290 293. 134.2 40C .9459 1.058067 11.16 C C 299 344.3 .143C 302. 293. 133.4 .580 9293 1.2SBCte 11.2CCC 3C2. 349.2 .1886 332. 299. 135.4 .67C 0114 1.3SBCt9 11.14CC 3C3. 340.4 .297C 304. 30C. 133.3 1.000 .P076 1. e j

,

SEC70 11.13CC 3C4. 34,.5 443; 306 303. 136.G 1.430 .8417 2.6 -
| 58071 11.17CC 3Ct. 3(0.! .6351 3't7 305. 135.9 2.100 .E677 3.t
i 5 E0 73 7 ddCC 3C5. 3cv.3 .C720 307. 3C3. 136.C .160 .Q?Ct .2SE074 7.51CC 3Ct. 34C.' .1390 JJ9 3C4. 135.C .263 .A974 4t

SEC75 7.52CC 3tt. 3tc." .Z130 313. 306. 135.6 .300 .8846 .t5807t 7.52tC 3C7. 3ts.c .2960 311. 3CE. 134.2 .570 .8776 1.0SE311 7.51CC 3t i . 349.7 .447C 312, 3CS. 135.5 .880 .aA3e 1.6S807C 4.69CC 295. 41t.5 .rEle ?32. 296. 134.4 .150 .9577 .3
,

i 5Br et 4.ibCC 29t. 41 .c .139C 307. 247. 133.4 .200 .Q?l9 .45ECai 4.12CC 29E. 41<.S .2C9C 309. 3C2. 133.6 .290 .9234 .5S EC t 2 4.7)CC 3CC. 413.9 .2s9n 310. 3Ct. 132.5 460 9962 1.0NO
CD
CD

9 PP p. 9~ , n
"

CD,

|
N M h ;J 3.i

.-

CN

. . .
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r TABLE 4.=

ef MEASURED QUANTITIES FOR TEST SERIES SB3
:

vG
D

WATER TEST SECTION DRAG VOID
TEE. AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION t3PORAG

d2 (L/S) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)
-

SBCC7 C.C0CC 3CC. 3C0.0 .6382 306. a3"5. 10C.C .110 0.000C -R5BLCt G.COCC 3CC. 3CC.0 .9132 305. 3b4 100.C 7'O 0.000C -R580v9 0.CJEC 300 . 3CO.O 1.3441 304 3G4. 100.0 443 0.0000 -RS EC lC C.C0CC 3C'C. 3CO.0 1.e400 303. 3C3. 100.C .7P9 0.0000 -RSE011 C.COCC 3CC. 300.0 2.6330 302. 302. 100.C 1.R27 3.C70C -R56012 0.C000 3CC. 300.0 4.7450 301. 3C1. 100.C 4.720 0.0000 -RSE01: C.CJCC 3CC. 300.0 6.3220 300. 3CC. 1J0.c 6.230 0.03cc -kS BC 14 0.COCC 3kC . 3CO.O 8.2200 299 299. 100.G 13.911 0.0900 -ksea 2C 9.'4CC 299 349.9 0.CC00 300. 29t. 144.6 .130 1.0300 -F58021 11.73CC 299. 412.0 0.CC00 300. 296. 145 8 .300 1.0000 -RSEC22 15. 7d C0 299. 412.3 0.0C00 300. 297. 146.2 .670 1.0000 -RSEC23 19.69CC 3CC. 411.7 0.CC00 300. 297. 140.5 1.050 1.0000 -RN5BC29 23.t700 301. 411.0 0.000C 300. 296. 145.3 1.480 1.0300 -R 'TEd"5Esii 27.5600 3C3. 411.3 0.CC00 300. 246. 146 7 1.893 1.000C -R58026 31 48 CC 311. 412.1 0.0030 300. 299. 143.0 2.630 1.00CC -R
, ,

SEC27 35.45CC 314. 411.4 0.CC00 300. 259. 143.5 3.360 1.0000 -W 6 358028 62.5000 316. 665.8 0.CLOC 300. 3Cf. 280.3 18.080 1.000C -RSE330 47.44CC 2E9 733.6 0.0000 300. 284 259.7 15.280 1.0000 -R E350SB3CA 56.350C 299. 692.C 0.CC00 300. 286. 280.9 16.690 1.0000 -R58031 46 680C 296. 742.1 .C 79 7 303. 290. 294.6 14.050 9991 -RS EC 32 47.3400 3C7. 738.6 .1301 303. 296. 312.5 15.110 .9976 -R 6 3SEC33 47.330C 315. 726.9 .2C20 304 299 319.2 15.640 .9064 -RSECd4 47.16CO 319. 733.7 .2959 305. 302. 338.2 17.200 .904e -W gagg
SEC35 47.50CC 32C. 734.0 4496 304 3C3. 366.5 19.420 9Q22 -R

-46036 47.43CC 299 740.3 .6453 296. 294 415.3 15.790 9891 -R bo thbeC37 46.55CC 324 723.7 .9C86 300. 3CC. 415.3 25.120 .983C -dSECie 41.36CC 326. 755.2 1.3434 3G2. 302. 432.0 27.340 0671 -R 782d
' '

SB39L 3 0 .16 C C 322. 7E6.9 1.8342 304. 3C4 432.0 29.060 .9327 -R584CE 25.57C0 322. 8C4.9 2.8579 305. 305. 429.4 28.640 .89 7e -u' 56041 31.b7CC 295. 4C9.5 0.0C00 300. 290. 144.6 2.800 1.000C -R( %OBs42 47.42CC 29t. 411.1 .C799 297. 289. 207.C 6.060 905o w
y

| Qev43 46.67CC 349. 411.3 .1460 300. 293. 208.5 7.410 9049 -R. dBv 44 47.060C 314 411.5 .1906 3J1. 296. 209.c Q .151 .9Q39 -b'_3EC4L 57.710C 314 414.7 .2951 303. 30C. 274 2 23.$P7 9932 -RE54t 47.62CC 3C9 736.1 4495 302. 295. 372.5 22.460 0022 - L'CQ' E ; 4 7 25.55CC 3C2. 340.1 0.CCOO 300. 296. 139.1 1.?20 1.00CC -GDGBc46 25.66CC 296. 342.1 .C 619 302. 296. 137.2 2.953 9923 -4-4B C 4 9 32.C7CC 291. 411.1 .1389 3 )2. 246. 205.9 4.340 092C -k

'

%4ELpC 31.630C 3C5. 411.2 .2C30 303. 246. 206.4 4.027 40ccah'. 32 13CC 312. 411.3 .2940 304. 3C1. 234.C 6.320 09et -"
-*

SB;;2 31.c3CC 314. 411.3 .4506 305. 303. 209.4 9.060 9839 -RS eu t 3 31.7spN 315. 411.5 .6351 306. 304 210.9 10,5?q 4773 -W| 18C t4 36.140C 29C. 478.6 .9109 299 297. 2dl.C 19.920 0735 -A
| SE055 15.63CC 3C5. 413.4 0.CC00 300. 298. 139.5 .660 1.0000 -R
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TABLE 4 (contd)
-

a

'

WATER TEST SECTION DRAG VOID

C TEST AIR FLOW AIR TEMP AIR PRES WATER FLOW TEMP TEMP PRES FORCE FRACTION 6PDRAG
C-. (L/s) (K) (kPa) (L/s) (K) (K) (kPa) (N) (kPa)

~

_

SBJ5t 15.72CC 3C1. 413.7 .0542 305. 297. 136.2 1.269 9969 -R

58Ct? 15.790C 3C3. 414.6 .1465 307. 299 137.2 2.013 9832 -R

SBv5e 19. 60CC 34 6 . 414.1 .2C83 308. 302. 139.2 2.373 .9790 -R

Seat 9 15.5800 3C9. 414.2 .2920 336. 3C4 140.1 2.930 973e -R
SBCtC 16.19 C C 310. 413.4 .4529 309. 3Ct. 137.C 4.210 9650 - L'

58.01 23.t500 3C9 413.0 .6419 309. 307. 206.5 6.193 4622 -R
SEit2 23.e5 CC 311. 413.1 .9121 309. 3CE. 207.6 8.330 9476 -R
S ec t 3 27.C800 317. 481.6 1.3458 309. 3C8. 275.6 13.260 .9337 -R
SEte 4 27.59CC 322. 479.3 1.5237 308. 300. 284.1 13.900 979C -W
5btSt 11.25CC 3CC. 355.6 0.C000 300. 300. 138.2 .240 1.0000 -E

SEO6e 11.250C 298. 352.6 .Cc65 305. 3C0. 137.2 720 .9652 -R
Sect? 11.25CC 299. 352.4 .1465 307. 302. 138.9 810 .9629 -R
SECet 11.250C 299. 352.4 .2081 308. 304. 137.9 990 .9576 -R

Se.tY 11.27CC 3CC. 351.4 .2933 309 306. 139.0 1.?40 949c -Rm
N SEL7C 11.260C 3C1. 351.5 .4381 313. 306. 138.0 1.790 9344 -k

5BC71 11.2800 3C1. 351.3 .6376 311. 309. 138.3 2.53) .91c9 -A
1.00CC -9

.110,SE726 7.5200 246. 350.7 0.0000 300. 302. 144.1
SEC73 7.53CC 294 349.6 .Ce94 308. 3c+. 138.1 .32 .o <e -m
Se,14 7.54CC 295. 349.7 .1470 309 3C3. 137.7 .300 049; -e

See75 7.5700 296. 349.8 .2081 310. 3Ct. 137.4 .510 9415 -R

SB076 7.59CC 3CC. 346.5 .2949 311. 3C6. 137.3 .713 9?96 -e
SEC17 7.52CC 3Cf . 346.7 4530 312. 309. 136.3 1.083 9134 -F

a. -R indicates no data

@
CD

'O
~
-
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TABL

MEASURED AND CALCULATED QUANTl f!ES FOR TEST SERIES SBl
- - . _

TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAGs% AIR WATER TOTAL AIR WATER FRACTION QUALITY FORCE (N),p
-

%;;
g 5 6C s A C.CCGC 1 5248 1.5246 993 99t.e C.0000 0.00010 .350

,

~gr ( C.CCO C ) " ( . C15 8 ) ( .015e) ( .050) ( .5) ( .CC50) (0.00C3C) ( .23n>
,3B048 C.CCCC 1.5312 1.5312 .970 994.3 0.0000 0.0000C .400tb ( C.C000) { .0157) ( .0157) ( .049) ( .5) ( .CC50) (0.33030) ( .2?P)L? SE09C C.CCCC 1.5312 1.5312 .970 994.3 0.0C00 0.00000 .360L C.CCCC) ( .0157) ( .0157) ( .049) ( .5) ( .CC50) (0.3000G) { .c?C)301CA C.CCOC 2.C225 2.C225 989 946.3 C.0000 0.0000C .570( C.CCCC) ( .C314) ( .0314) ( .050) ( .51 ( .0050) (0.00010) ( .c33)SBit e .C.C.COC 1.9965 1.99E5 970 994.3 v.vC00 0.7030C .960( C.CCCC) ( .C313) ( .0313) ( .349) ( .51 ( .CC50) (0.00009) ( .2'01telCC C.CCOL 2.C164 2.01e4 .970 994.3 0.CC00 0.0$00s .340

. ( C.000C) ( .0313) ( .0313) ( .049) ( .9) ( .0059) (0.00000) ( .230)5811A C.CC0C 2.3313 2.3313 .969 99t.3 C.oGC0 0.00030 .750( C.CCCC) ( .0314) ( .3314) ( .050) ( .51 ( .0C50) (9.33^7v) ( .230)SE2 15 C.CCCC 2.2368 2.28te .970 994.3 0.C000 0.0000C .74Cu ( C.CCOC) ( .C313) ( .C313) ( .349) ( .5) ( .0050) (0.30030) ( ./30)e SB11c C.CC0C 2 2959 2.2959 .970 943.s G.3C00 0.3037C .717( C.CC0C) ( .C313) ( .0313) ( .049) ( .51 ( .Gt53) (0.00000) ( .230)5EliA C.CC00 2.5796 2.5796 .966 996.C C.0001 0.300SC .421( C.CCOC) ( .C314) ( .0314) ( .050) ( .51 ( .0C50) (0.30000) ( .230)SB12B C.CCCC 2.5752 2.5752 .970 994.3 C.0003 0.00000 .930( C.CC0C) ( .C313) ( .C313) ( .044) ( .51 ( .CC59) (3.00000) t .230)SB12C C.CCCC 2.5444 2.d444 96 7 993.9 0.0000 0.00000 .670f 0.0000) ( .0313) ( .C313) ( .349) ( .t) ( .CC50) (1.70000) ( .230)SE13A C.CCC( 2.1274 3.1274 996 996.C 0.0C09 0.00000 1.340( C.COOC) ( .C314) ( .C3: 4) ( .050) ( .5) ( .0050) (3.7700C) ( .230)SElle C.CCOC 3.C933 3.0933 .973 994.e 0.0C00 1.3906C 1.32C( u.LCui) ( .0314) ( .C3: 4) ( .049) ( .5) ( .0050) (3.00000) ( .230)S E. 3C C.CCCC 3.1308 3.1356 .957 993.9 C . u c ca 0.37030 1.330

.

, ( C.CCCC) ( .C313) ( .C313) ( .049) ( .51 ( .0050) (0.00000) ( .230)3Bl'A C.000C 3.6043 3.t043 963 995.7 C.GC00 0.3000t 1.700 !

,W ( C.CC00) ( .1882) ( .1962) ( .050) ( .53 ( .3C50) (0.7000c) ( .23C)
i

|C SEl*" C.CCOC 3.6006 3.60C6 973 994.t 0.CC00 0.33000 1.790 !

'

'o . ( C.CCCC1 ( .1880) ( .18csI ( .099) ( .;) ( . J C 51) (0.0000u) ( .230)5Bi't C.CCOC 3.5979 3.59i9 .967 993.9 L . J 0 0 ") 0.33000 . 750
,

( C.CCbt) ( .1879) ( .1874) ( .349) ( .51 ( . C .t o ) (3.3300C) ( .230)O ;E1: L C.CCCC 4.3709 4.37C9 .963 99t.7 J. GLOS 0. 30 03 v 2.300
I

|N ( C.ccet) ( .1632) ( .1Ptz) ( .050) ( .51 ( .C050) (1.30000) ( .239)' - 551 M C.CCOC 4.3963 4.39t3 473 494.c U.0000 0.03000 2.c4CNO ( C.CCCC) ( .1980) ( .;SetI ( .049) ( .5) ( .0v56) (3.30C7]) ( .230)SE2~C C.CC0C 4.4325 4.43<c 46 7 9C3.' C.JGC' O.0000C 2.64C( C.CCCC) ( .1879) ( .1674) ( .J44) ( .) ( .vC56) (0.30000) ( .23C)SE oc L.CCGC .0363 5.03t3 .980 9%5.3 0.3s09 1.01710 3.393
,

| ( C.CC001 ( .i881) ( .18el) ( .349) ( .51 ( .0050) (3.03000) t .230)



__ __-_-

|
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TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/ar-m) VOID FLOW DRAG
AIR WATER TO TAL AIR WATER FRACTION QUALITY FORCE (N)

L__ T _ _ _ _ _ _ _ _ _ _ ____
_

i 5 Bite C.CC00 5.0428 5.0426 .973 994.6 0.0003 0.00000 3.460( C.0C00) ( .1860) ( .186C) ( .049) ( .5) ( .GC50) (0.30C30) ( .230)
- SeltC 0.CCOC 5.C291 5.0251 467 993.9 C.0000 0.00000 3 400( C.CC0C ) ( .1879 ) ( .1674) ( .G49) ( .5) ( . c51) (0.03000) ( .230),

5017A C.CCCC 5.0335 5.6325 .960 995.3 C.JCOS 0.00000 4.230( C.CCCC) ( .1681) ( .18 ell ( .J49) ( .5) ( .0C57) (0.03000) ( .233)Sbl19 C.GC00 5.t19e 5.61st .973 994.t C.JC03 9.13000 4.290( C.CCCC) ( .1880) ( .letC) ( .34 9) ( .5) ( .0C50) (0.0000c) ( .c30)SE170 C.CC0C t.t056 5.t05t .967 993.9 C.sco) 1.10700 4.223( C.CCGC) ( .3879) { .1679) ( .049) ( .5) ( .uC53) (0.00030) ( .230)561FA C.OCCC 7.5698 7.9696 976 995.C 0.CC03 0.?)000 d.420( C.CC0C) ( .1881) ( .1861) ( .349) ( .51 ( .0C53) (0.03000) ( .230)SEibE C.CCLC 7.9172 7.9172 973 944.6 0.CCC" 0.30000 - e.390( C.CCGC) ( .1880) ( .18EO) ( .049) ( .51 ( ..CS1) (3.0)e70) ( .230)5Bl:C C.CCCC 7.5461 7.94el .964 993.5 0.0C00 3.0000G o.430( C.CCOC) ( .1878) ( .1676) ( .349) ( .5) ( .0053) (3.33030) ( .Z30)SelcA C.CCCC 8.3260 6.326C .976 995.C 0.0007 0.00000 9.350% ( G.LCCC) ( .1881) ( .18t1) ( .049) ( .5) ( .0057) (3.10000) ( .230)Sel4L C.CCCC e.3160 8.31EC 976 995.0 0.0007 0.7'00C 9.33C( C.CC0C) ( .1831) ( .1861) ( .349) ( .51 ( .0050) (0.0007J) ( . 2 3 '^ )38 4C C.CCOC 6.3257 8.3257 964 953.5 C . 'J C 0 0 3.00000 4.349( C.CCOC) ( .1676) ( .1676) ( .349) ( .5) ( .CC"7) (3.03000) ( .c3C)S E2 7e .6:42 C.000c .0542 1.121 997.1 1.0000 1.00C30 .31^
( .C023) ( C. 0000 ) ( .JC23) ( . s> 4 ) ( .51 ( .J;50) ( .05925) ( .230)582 76 .Q409 C.0000 .04e9 1.366 997.1 1.0003 1.6099C .330
( .tC21) ( C.0000) ( .0C21) ( .95 2) ( .5) ( .JC50) ( .06000) ( .23C)SB27C .C48t C.C000 .C466 1.J56 997.1 1.0c00 1.03C00 .322
( .CC21) ( A.0000) ( .0021) ( .051) ( .51 ( .CC50) ( .361'3) ( .230)SB2c4 .C742 C.C330 .0742 1. 18 1 997.1 1.0009 1.03C00 .c4C( .Cllt) ( C.0000) ( .011e) ( . 35 4) ( .!) ( .0C53) ( .'?i"91 ( .230)SPE6e .Ct9i C.C00C .06s5 .. 16 447.1 1. 00^ 1.330^C .t4^
( .Cllt) ( C.C000) ( .011t) ( .V52) ( .5) ( .vv50) ( .24Cle) ( .c33)

* SE2cc .C692 C.C000 .36sc i.134 497.1 1.JJ00 1.nanqc .64C
_. ( .C116) ( C.C000) ( .Jlle) ( . 35 2) ( .5) ( .0050) ( .?4163) ( .230)O db24A .lC46 C.0000 .104t 1.233 997.1 1.C ^' 1.0303C 1 20C ( .Cl2C) ( C.C000) ( .012c) ( . 35 3) ( .5) ( .02"3) ( .15244) ( .Z?C)--- S B 2 ,c .1C6C C.0300 .lOes 1. d e t> 947.. l . 6 0 ^> 1. 0 v 3 0 2 453

( .Cl22) ( C.0000) ( .0122) ( .J52) t .51 ( .J;5^) ( . l A 29 5 ) ( .231)o _92Cl .lC66 C.CO30 .lUtt 1.137 947.1 ;.v.C' 1.^3C30 1 4*C3
d ( .0122) ( C.0000) ( .0122) ( . J5 2) t .51 ( .s 5') ( .13142) ( .c3')N 59K .1454 C.c000 .14ts 1.374 947.1 1.0C00 1.^?COC c.440C ( .C125) ( C.0000) ( .0125) ( .J53) ( .9) ( . X5^ ) ( .12163) ( .i30)SE3ve .145t C.0000 .1456 1. 36o 347.1 1. ;9' l.71^1 c.ct'

( .0127) ( C.t000) ( .C127) ( .053) ( .!) ( . C50) f .12?17) ( .230)383 C .142e C.0000 .142t . 369 G47.1 1.JCO' l.10Clu <.4tC
( .Cl2t) ( L.0000) ( .012t) ( . ]5 2) ( .51 ( .CC'') ( .1247tl ( .270)SE3;A .1t11 C.C000 .lel; 1.50o 947.1 1.0C07 1.'0010 .o 70
( .C131) ( L.0000) ( .J131) ( .b 3 ) ( .51 ( .uC57) ( .17235) ( .2N)

O O O
.

_ _ _ _ _ _ _ ______ ___ ___
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TABLE 5 (contd) d

7, _

3 TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW ORAG
AIR WATER TO TAL AIR WATER FRACTION QUALITY FORCE (N)q

e.

Q

SE31t .1635 C.0000 .1635 1.511 947.1 1.LC00 1.0000C *.if7
( .C133) ( C .C00 0 ) ( .0133) ( .053) ( .51 ( .0050) ( .10282) ( .230)SB31C .1822 C.C000 .iB22 1.514 997.1 1.CC00 1.S0000 4.140

.
( .0132) ( C .0000 ) ( .0132) ( .032) ( .5) ( .J050) ( .10?52) ( .230)

SE32A .2297 .C.C00C .2297 1.723 997.1 i.CC09 1.1307C 6.260
( .0141) ( C.0000) ( .0141) ( .05 3) ( .5) ( .0C50) ( .38691) ( .2?01

Se32E .2391 L.C000 .2391 1.786 947.1 1.0C0^ 1.00 col t.660
( .0145) ( C.C000) ( .01'5) ( . J) 3 ) ( .5) ( .3053) ( .0A55L) ( .230)

SE32C .2355 C.0000 .23t5 1.755 997.1 1.C600 1.3000C 6. 49 0
( .C143) ( C.00 30 ) ( .0143) ( .053) ( .5) ( .0050) ( .34591) ( 30).56334 4692 C.0000 .4692 3.296 997.1 1.JJ07 1.00000 14.24C

_
( .C196) ( C.C000) ( .015e) ( .05 7) ( .51 ( .0w57) ( .35C64) ( .230)3633E .3964 C.C000 .39t4 2.33d 997.1 1.0000 1.00070 12.;1C
( .C le t ) ( C.COOC) ( .01t6) ( .056) ( .5) ( .0057) ( .36606) ( .23015833C 4C53 C.0000 4053 2.S57 997.1 1.0C00 1.00000 12.31;
( .0187) ( C.0000 ) ( . Ole 7) ( .055) ( .51 ( .3C50) ( 76513) ( .230)SB34A .5401 C.C000 .54C1 3.788 497.1 1.J000 1.00030 16.150 |m

m ( .0216) ( C.C000) ( .021e) { .056) ( .51 ( .0653) ( .75550) ( .c3C) i
S EC 3 7 .1376 .1895 .3272 1.018 997.1 .9679 4?174 5.323 '

( .C1973 ( . C 15 8 ) ( .0541) ( . JS 1) ( .5) ( .CG50) ( .992G2) ( .230)SBC3: .2466 .1993 .4459 1.52$ 94c.6 .9920 .55301 10.100
( .C196) ( .0157) ( .05CC) ( .052) ( .51 ( .UC50) ( 776n5) ( .230)5EC*3 .CC29 4.2190 4.2214 1.754 997.4 .3431 .0007C 5.t30
( .CC19) ( .1885) ( 2.7757) ( .C51) ( .a) ( .5050) ( 71065) ( .230)SEI4' .CC53 4.1866 4.1921 1.675 996.9 4205 .001?c 6.560
t .C019) ( .1884) ( 1.53t5) ( .J51) ( .5) ( .GC53) ( 00065) ( .c30)3Ev4; .C214 4.1346 4.15tC 2.550 99t.3 .is?7 7]S15 1C.;30
( .002C) ( .1833) ( 42t7) ( .va?) ( .31 ( .Cs50) ( . > X 71 ) ( .c'C)

SE 4t .0475 4.1532 4.20C7 a.*99 7C6.C .7CA3 71132 It .15 0m ( .CC22) ( .1663) ( .271C) ( .354) ( .51 ( .uC50) ( .00090) ( .2301
S 6v 4" .146t 4-0461 4.1927 5.322 996.6 .7965 .0340o 2 7.5 3 Co

( .C190) ( .1864) ( .5444) ( .J61) ( .>) ( .0053) ( .006e2) ( .230)O 360 % .13CC 4.0250 4.1549 5.30 5 996.3 .7985 .0312e 27.250~
( .C19t) ( .1683) ( .6553) ( .06 1) ( .5) ( .JC50) ( 30682) ( .230)C) SE>tt .CC99 7.t 85 4 7.6953 3.349 996.1 .2602 .0012e 20.6?O

N ( .CC2C) ( .1667) ( l.3346) ( .050) ( .53 ( .)]57) ( .00036) ( .430)S Ei 5 7 .C226 7.2671 7.29CC 4.060 996.9 4C75 . M 31 a 23.400N
( .CC20) ( .1984) ( .66;2) ( .05e) ( .51 ( .0C57) ( .33040) ( .230)_. idL' .C*lt c.P423 6.0939 4. 79 9CA.C .3264 .''60% 27.200

_
( .CC22) ( .19 d 3 ) ( .40r3) ( .059) ( .5) ( .CC"01 ( .30C471 ( .230)

19 ' k .C077 c.t713 6.62sc 5./57 c95.7 .0ePS 70570 Zw.770
( .LC23) ( .1892) ( .3279) ( .oDO) ( .5) ( .;C"01 ( .30050) ( .J1C)

a. Nu-Ders in parentheses are the uncertainties in the quantities inrediately above. The 95: confidence level
was ase;.



[
MEAStJRFD ann CflLCULATED QUANTITIES FOR TEST SERIES SB'>

I
.

TEST MASS Ft.0W RATES (kg/s) PHASE DENSITIES'(kg/cu-m) VOID FLOW DRAG
AIR WATER TOTAL AIR WATER FRACTION QUALITY FORCE (N)

-.

SEus9 C.0C00 1.3457 1. w i 7 1.132 954.6 C.CCO^ 0.00000 400aD ( C.,CC003 t .C157) ( 5157) ( .049) ( .5) ( .CC50) (0.90000) ( .230)
SEClC C.CCOC 1.E232 1.c232 1.132 994.6 0.0000 0.0n060 .t30

( C.CCGC) ( .C313) ( .2?:3) ( .049) ( .51 ( .CC"0) (0.00000) ( .230)
SE011 C.CCCC 2.thee 7.tste . 12a 994 3 C.CC00 0.00Sn0 1.4PO

( C.CCGC) ( .C314) ( .'3: 41 ( .249) ( .53 ( .CC"") (0.30^00) ( .2301
$ EC 12 C.CCCf 4.t63e 4.te 3e 1.132 994.6 C. GLOS 0.00000 3.940

( C.CC0C) ( .2a90) ( . EtC) ( .044) ( .5) ( .0050) (0.0*CSC) ( .430)
SECIS C.CC00 t.2144 6.214* 1.132 994.6 G.CC00 0.00000 7.000

( C.CJCC) ( .195C) ( .leEC) ( .049) ( .5) ( .6C50) (0.00000) ( .23C)
S EC 14 C.CsuC E.le56 5.18tc 1.132 994.e C.CCCO 0.0007C 12.390

( :.FCCC) ( .is8 ) ( .lerC) ( .J49) ( .5) ( .CC50) (0.3D030) ( .2301
hBC4d C.CCCC 1.335e 2.33tr 1.117 993.1 C.0C00 1.9^660 .310

( C.CCGC) ( .0157) ( . 157) ( .049) ( .51 ( .0050) (0.1000C) ( .0AO)
SElCP C.CCCC 1.E066 1. Ctt 1.114 992.7 C.CC00 0.70006 .570

% ( C.CC00) ( .C313) ( .n33 ( 34F) ( .5) ( .00"') (3.1 F 10) ( . ten)
SB11E C.CCCC 2.1015 2.7915 1.114 992.7 C.0000 0.0000C 1.390

( C.CCCC) ( .C313) ( .3323) ( .248) ( .5) ( .C3*3) (0."1000) ( .080)
SE12E C.CCOC 4.e360 4.63ec 1.114 992.7 0.0C00 0.3009C 3.760

( C.CCGC) ( .1876) ( ._f7e) ( .'Ae) ( .51 ( .GG"") (0.70C00) ( .G80)
SE13E C.CCCC t.1673 e.16i3 1.11" 992.3 C.CCon 1.00090 c.710

( C.CCCC) ( .167c) ( .10 7f 1 ( .C48) ( .5) ( .0C50) (0.00000) ( .086)
hP143 C.CCCL E.;9st e.;cet . 11s 992.3 C.0G0n 0.00000 12.250

( :.CCCC) ( .I-7c) ( .1:it) ( ..4c) ( .5) ( .CC50) (0.00000) ( .060)
StL23 .Cs43 C..]JO .'943 1.075 997.1 1.0C00 1.00000 1.C50

( .C101) ( C.CC3C ) ( .CIC1) ( . 35 ? ) ( .5) ( .0050) ( .15154) ( .230)
SEC24 .1112 C.C0JO .1117 1.671 997.1 1.CC06 1.nn000 1.10C

( .CIC4) ( C . f. 3 7 0 ) ( .31CA) ( . A 2) ( .51 ( .0059) ( .13211) ( .230)
S EC 2t .1524 C..GJC .1524 2 . 1 ? ~. 497.1 1.CC00 1.3703G 2.3a0 I

( .(117) ( t...*C) ( i:7) ( .?52) ( .51 ( .00"") ( .10812) ( .c30). .s

52026 .143t C.")U T4it ;.43? 997.1 1.CCP9 1.190'O 2.000.

( .C11C) ( C.t33C) ( .':r) ( . r" 11 ( .5) ( .CC"01 ( . la 79 8 ) ( .230) i.

> EC 21 .It24 C .e se .if,c 1.n34 991.1 1.tC06 1.70^^C 3.t40
( .C]11) ( C.( F1C ) ( . .; 1 ! ) ( . C '.11 ( .5) ( .CG50) ( .09979) ( .2301 ;

S E6 2 .292e C. Sc; .2% t 7.163 497.1 1.GC00 1.70000 IC. ele [( .t15t) ( C .; 310 ) ( . " I *. t ) ( . e* 2 ) ( .5) ( .0C"01 ( . ') 7 f 4 6 ) ( .2?O) -

SBC3C .?26f C.0070 .32tt 2.367 997.4 1.CCAS 1.00010 12.430 i
4 t .Cloil ( C.C030) ( .Iltil ( ..:23 ( .5) ( .CCr0) ( .07240) ( .230) '

c >SE2?e .Cie4 C .C ) )G . ". 7 f 4 2.634 947.1 1.0000 1.'0000 1.450
( .;I?l) ( :..'~rl f '.Il ( . ? ll ( .5) ( .CG5e) ( .18758) ( .986)

C >56236 .Cs55 (.C ;w . Wit 1.644 997.1 1.0G00 1.90030 1.67C
.

~
( .CIC4) ( C.tG1C1 ( '. f 4 ) ( '';) ( .5) ( .CC"") ( .1 * M 4 ) ( .086). .,

CD a E 2 4 F .113e C .cD C .1;3e ..o39 457.1 1.CC0C 1.'0"7C 1.960
N ( .CICi) ( C.C9TC1 ( . ;s!) ( . E 1) ( .5) ( .C35^) ( .13259) ( .0F^)
N SP2tP .l?2E C.C))O .1 4 . - ..o4c 947.1 1.0Co* 1.1'9'C c . c 10

( . C 11( ) t ;.'
152tF .1456 C.'' '') ( '. 1 ( !!! t .51 ( .00"") ( .117'4 c ) ( .09C)tg , .

. . . ' . ..r'4 997.1 1.eCo* 1.00^9J 3.367
( .C113) ( C . t s ; '; ) t .1: ) ( ..-11 ( .51 ( .CC*S) ( .17746) ( .GEO)

1E2 7 t .1661 C.LC3" . ; *. t i 1.33e 457.1 1.6000 1.03070 4.420

00117)
( C .CC '? ) ( 7117) t - '' ( .5) ( .GC"") ( .'QC12) .v90).

|

. . . .

__ __ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - _ _ _ _
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TABLE 6 (contd)r -g g .
t/ M#

:w.
' C5 I TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAG~~~'

AIR WATER TOTAL AIR WATER FRACTION QUALITY FORCE (N)C
C
4

5B03. .?26) .,768 .402t 2.34t 997.1 9916 .9094C 12 480( .C16t) ( .0156) ( .Jafil ( .05 ?) ( .5) ( .0050) ( .176'7) ( .230)SE032 .3246 .(72e .3973 2.914 99c.9 .9916 .816A6 12.720( .CleC) ( .7155) ( .095?) ( .354) ( .5) ( .0C50) ( .la579) ( .230)$PO33 .3115 .1445 .45tr 2.991 996.6 .9914 58314 13.400( .C154) ( .C157) ( .C'ct) ( .354) ( .53 ( .C050) ( .98947) ( .230)$BL34 .3C9C .2363 .:152 3.3P2 996.6 .9893 .59963 14.250( .C153) ( .C157) ( .;4ts) ( . 35 ') ( .5) ( .0059) ( 96?!9) ( .230)5B035 .3r52 .2959 .e:11 3.275 996.3 .9964 .53775 15.520( .C152) ( .C157) ( t4cc) ( . v5 4) ( .51 ( .CC50) ( 94595) ( .230).5B03t .2483 4543 .752t 3.42C 996.3 9623 .3 6?5 17.670( .C153) ( . 15 7 ) f *4e7) ( .05r) ( .5) ( .C050) ( .33102) ( .230).
SEC37 .250% .t340 425: 3.63u 99t.3 .9743 .31431 2C.620.

( .CISt) ( . 157) ( .t546) ( .C55) ( .5) ( .0050) ( .32503) ( .230 )
+

SBC36 .275I .9136 1.le27 3.914 996.3 .9433 .?3243 23.120( .C161) ( .C157i ( C721) ( .of e ) ( .5) ( .0053) ( .01c60) ( .230).y SEv39 .216t 1.3410 1 554e 3.e54 99t.3 .9071 .14019 23.640( .C155) ( .(156) ( llis) ( .0'el ( .5) ( .0050) ( .01412) ( .230 ).
S PO 4 s. .1734 1.e13? 1.96c7 3.664 096.3 .6702 .qP73c 20.226( .C153) ( .r?ly) ( 17t2) ( . #5 5 ) ( .5) ( .0C50) ( .01097) ( .230).
50C47 .2239 .C827 3Ctt i .*t 5 996.3 .99P1 73012 7.040.

( .Cl34) ( .C157) ( ;612) ( .s53) ( .51 ( .0050) ( .1521e) ( .230).
SE043 .2219 .1315 3524 2.45t 99t.O .9966 .62F31 e.600.

( .C133) ( .C1"7) ( "473) ( .053) ( .5) ( .CC50) ( .19776) ( .230).SEC44 .222C .la22 Alti 2.435 995.7 .9939 .53604 1G.370.
( .Cl3?) ( .c 19 71 ( :42C) ( .95 3) ( .5) ( '.CC50) ( 66306) ( .230).5B045 .2t4L .e937 5tt2 2.435 995.7 .9979 4738C 14.C50.

( .C]45) ( .C157) ( ~c2tI ( .094) ( .31 ( .C C 5n ) ( 04452) ( .230).SEC46 .343C .4;uG s!.i 3.do9 995.7 .9917 42a?2 2L.769.

( .Ll7C) ( .C157) t C4t3) ( .05c) ( .51 ( .CC5n) ( .0??41) ( .2?O).Sec4e .1034 . t ed t 1723 1.672 997.6 .9944 4003e 2.630.m ( .ClCt) ( .015F) ( 4??) ( .35?) ( .51 ( .CC50) ( .16?9e) ( .230).

C""> S 6 L A * .1C04 .1445 74ct . 637 996.9 .99pa 40C83 3.710.

( .CIL2) ( .. lie) ( .3et) ( . M 21 ( .5) ( .0059) ( 1741C) ( .230)C aEC5C .C982 .2063 30 4t 1.653 996 6 9805 .?2277 4.359.~ ( .C1CC) ( .'157) t '3re) ( ''i ( .51 ( .0050) ( .35273) ( .230). .C)5de;. .1464 .2 '6 44it 2.419 095.3 .9911 .3'! 6 6.930N ( .Cllr) ( . 157) ( .'4t 7) ( . 2?) ( .5) ( .3350) ( 63938) ( .230)N S BC : 2 .1424 . <. 5 4 4 . Wet .: . 3 5 1 994 3 .9857 .?'861 9.560( .CICE) ( . 157) ( .M4t) ( .;52) ( .51 ( .03"9) ( 32683) ( .230)u 500t3 .1443 .*224 . oi c i 3 14 - 494.3 .Se3a .23703 14.280( .C12c) ( .r137) ( .r5Et) ( . ;: 3 ) ( .5) ( .G0"') ( .32311) ( .230)SPC54 .2C6t .404 * 1.111e 3.3AO 994.3 .9736 .19605 19.270( .C2*L) ( .t1571 ( ..77%1 ( .5 4 ) ( .51 ( .CC50) ( 91a15) ( .230)IbC;t .C737 .laaE .2724 1.4?' 993.9 .985? 76C40 3.170
.

( .CC9E) ( .rlt?) < .;423) ( .0! ) ( .5)- ( .CC50) ( .35597) ( .000)58059 .109t .2a71 .4]ee 2.21? 993 5 .9651 .2694c 4.60Cf .: IC A ) ( li?) v .D.r,) t 14.1 ( .5) ( .C05') ( .33e77) ( .980).



TABLE 6 (contd)

- _

TEST MASS FLOW R ATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAGc

- - AIR WATER TO TAL AIR WATER FRACTION QUALITY FORCE (N)

.1;-- - __ __

_

,

1

i SEctC .'1 C 6 2 ' 4491 3513 2.219 093.5 .9730 .19423 6.170
( .CIC2) ( .C157) ( .C5t2) ( .051) ( .51 ( .C050) ( 02695) ( .060)

. . SECT 1 .1 cec .<3ac .73ec 2.223 oc3.5 .9e11 .14e19 e.2 0V,
( .CIC2) ( .(157) ( .0723) { .951) ( .5) ( .C353) ( .?lc88) ( .C80)

5E t2 .12:9 45JI 1.02c; i.n73 003.! .4445 .12274 11.L70
( .C1.21 ( . . lt i ) ( . 927) ( .Y1) ( .51 ( .005n) ( .01'54) ( .0a0)

5but? .141e 1.3412 1.4e2e 3.C39 493.5 .9191 19547 15.0PO
( .C133) ( .C157) ( .14CS) ( . 75 2) ( .5) ( .0057) ( .91274) ( .6R0)

3ECtt .C459 .C77" .1237 1.390 997.4 .9450 .37CP6 400
( .0022) ( .C15e) ( .'2:7) ( .05?) ( .5) ( .CCSS) ( ^79173 ( .wPO). i

SPC 67 .C454 .24?? .latC 1.i f 7 996.6 .9203 .?4178 .tSO !

( .CC22) ( .C157) ( . ? 2t ) ( .F2) ( .5) ( .0050) ( .'3126) ( .0eC)
52Ctr .tct; .;a74 .232; 1. ! ? ? 79t.t .9114 .19413 .t70

( .CC21) ( .(157) ( . 224) ( .s51) ( .5) ( .LC50) ( 62096) ( .L80) :

52064 .L44E .295t .34tt 1.549 996.0 .697F .13147 1.000 i

( .(C21) ( .C107) ( .C243) ( .u51) ( .51 ( .CC50) ( 91127) ( .LFO)
'

$ 3EC 7e .c4ce , cc ng ,4g53 3,$t4 995.3 .631 ' .'cla c 1.43:
( .0021) ( . C 15 7 ) ( .;?*9) ( 751) ( .5) ( .0059) ( .37649) ( .v60) i

S EC 71 .C446 .t31- .57ec 1.953 995.0 .6677 1650t 2.100 !

( .CC21) ( .1157) ( .13t3) ( 5 31 ( .51 ( .CC5') ( 17473) ( .000).

SEL73 .C299 .C71* .10:5 1.i64 495.C 9206 .'9418 .16C
( .CCit) ( .(157) ( '22C) ( .051) ( .51 ( .CC56) ( .?6922) ( .CEO).

SEti* .C29' .1302 ..tEl 1.54F 994.3 .t974 .177o6 .260
( ..(It) ( ._157) ( 7211) ( J53) ( .5) ( .CC50) ( 12422) ( .L8^).

SE 75 .C 3C C .2117 .24: 7 1.54 993.9 .664A .12399 .390
( .CCle) ( . C 1' 71 ( .222C) ( .C t) ( .5) ( .CC*^) ( .01306) ( .660)

SRC7e .(299 .2G41 .3/4C ..'19 993.5 .t77A .0c2?2 .57C
( .LCit) ( .;1{7) ( . 243) ( '') ( .5) ( .005C) ( 0'54 7) ( .mE").t

SE;77 .r;9E 4439 472! 1.:rH 702 1 .c6?A . t704 .ba'"

( .L(16) ( . 137) ( .3 .) ( ) ( .51 ( .CCcn) ( .00!?i) ( .v"01'

.

S EC 7' .Ci32 .t9:t .1C47 1. ; e 3 990.6 .9377 .'?147 .150
( .Ct14) ( . Cit 7) ( . N 12 ) ( .v'2) ( .51 ( .CC"9) ( .34605) ( .CPO)

SECT- .C235 . 3t3 . it :t 1.;tt 995.0 .931C .14513 .200
( .Cf14) ( .t157) ( .CCCL) ( 5?) ( .5) ( .GC50) ( 72r72) ( .Cao).,

< 5E't1 .L232 .: e7e . 3.4 1.042 994.3 9234 .10012 .200
C ( .CC14) ( .Cic7) ( . U 2i ) ( ? l) ( .!) ( .CC'") ( .71153) ( .090).

1E 1J . s. 2 3 : . 477 '2"i .."^r- 093.9 .9Ce> .77716 4'Oo .

( .CC14) I . 15 7) ( .-'is) t ; -) ( .5) ( .CC50) ( 7'732) ( .i").
__

O
N a. Numbers in the parentheses are the uncertainties in the quantities immediately above. The 95% confidence
N level was used.
b

I
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MEASURED AND CALCULATED QUANTITIES FOR TEST SERIES SB3'
n

.

|s

TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAG

AIR WATER TOTAL AIR WATER FRACTION QUALITY FORCE (N)
gj -

< - -
g'
,L

- SBCC7 C.CC0C .6352 .6352 1 143 995.3 C.0000 0.0000C .110

( C.0COCla ( .C157) ( .0157) ( .050) ( .58 ( .0C07) (0.90n00) ( .043)

S BC C t C.0000 9092 .9092 1.14 7 995.7 C.0000 0.3001C .220

( C.CCOC) ( .0157) ( .C157) ( .J50) ( .53 ( .CC67) (0.90000) ( .003)

SECC9 C.CCCC 1 3387 1.3387 1 147 996.C 0.0G06 0.00000 .*40

( C.CCCC) ( .C156) ( .0156) ( .050) ( .5) ( .0C07) (0.00000) ( .093)

iB;1C C.CCCC 1.6332 1.8332 1.150 996.3 0.0000 0.00060 7ec

( C.4004) ( .C314) ( .0314) ( .050) ( .51 ( .0007) (0.00000) ( .O 3) |

SBC11 C.000C 2.E233 2.8233 1.15 4 996.6 C.CGoo 3.00000 1.e20 t

( C.CCOCl ( .C314) ( .0314) ( .05 0) ( .51 ( .0007) (0.00000) ( .093),

5bi.2 C.CC00 4.7301 4.73C1 1.136 99t.c C.0C06 0.600nc 4.7?O t

( C.CCCC) ( .1884) ( .1884) ( .350) ( .5) ( .0C07) (0.03006) ( .603) i

58013 C.C4CC 6.3039 6.3039 1.162 997.1 0.0000 0.90000 c.230 t

( C.CCCC) ( .1885) ( .1EE5) ( 751) ( .51 ( .0007) (0.00000) ( .C93) >
*

N SEv14 C.CCCC 8,1986 8.1986 1.166 997.4 0.0C00 9.96000 13.910
* ( C.CC00) ( .1886) ( .18E6) ( .051) ( .51 ( .CCn7) (0.00000) ( .093) !

SEC 20 .C385 C.C000 .C3E5 1.691 997.1 1.0000 1.00000 .130 :

( .0019) ( C .C000 ) ( .0014) ( .052) ( .51 ( .0007) ( .75o78) ( .093) >

S EC 21 .C563 C.0000 .C5t3 1.705 997.1 1.0C00 1.000nc .300

( .CC23) ( C .C000 ) ( .0023) ( .352) ( .5) ( .0007) ( 95870) ( .u93)

50027 .075E C.C000 .C75e 1.716 997.1 1.0C00 1.0000C .670

( .C117) ( C.0000) ( .0117) ( .052) ( .5) ( .GtC7) ( .21764) ( .093)

SECc3 .0942 C.C000 .0942 1.649 997.1 1.0000 1.0000C 1.psn ,

( .C11E) ( C.0000) ( .Cile) ( .052) ( .51 ( .0C07) ( .17712) ( .C93)

SBC 24 .1127 C.C00C .1127 1.711 997.1 1.0007 1.00000 1.460

( .012C) ( C.C000) ( .012C) ( .052) ( .5) ( .0007) ( .1501C) ( .0931 t

56t 2; .1304 C.(000 .13L4 1.727 997.1 1.c300 1.09000 1.640 ' '

@ ( .C121) ( C.0000) ( .0121) ( 152) ( .5) ( .cc07) ( .13156) ( .uC3)

O SEL20 .1454 C.C000 .1454 1 667 997 1 1.CC00 1.90000 2 630 ,

( .C121) ( C.0030) ( .0121) ( .051) ( .5) ( .0007) ( .1177t) ( .C93)

_ SBc27 .1615 C.0000 .1619 1.673 957.1 1.0C00 1.0000c 3.360 .o
( .0123) ( ,C .(00 0 ) ( .0123) ( .051) ( .51 ( .0007) ( .107?3) ( .v43) !

O det2E 4561 C.C00C 45t1 3.257 991.1 1.0C00 1.00010 It.060 |

N ( .C202) ( C.0000) ( .02C2) ( .05%) ( .5) ( .0007) ( .06250) ( .b93) '

N 5bs3; 4197 C.0000 .4147 3.187 947.1 1.CC00 1.0000C 15.290 :

( .C227) ( C.0000) ( .C227) ( .0571 ( .51 ( .vGC7) ( 77647) ( .093) !

S EF 4 .454t C.0000 .4546 3.423 997.1 1.0000 1.7000C 16.600m
( .C21e3 ( C.C300) ( .C216) ( .056) ( .51 ( .JC97) ( 96706) ( .003) '

S EC 31 .4C79 .C794 4873 3 541 09e.3 9991 93706 14.050

( .C223) ( .0157) ( .10C2) ( .057) ( .5) ( .CCn7) ( .17814) ( .003i

SEs :c .397C .1386 .535t 3.690 990.3 .9978 .74174 l',.11F ![ ' f

( .0215) ( .0157) ( .C674) ( .056) ( .51 ( .00C7) ( .1015G) ( .; 3)

5 tl 3: .3E01 .2012 .5619 3.721 99t.C .9964 .654? 4 15,c60

( . C 20( ) ( .C157) ( .C554) ( .056) ( .51 ( .C007) ( .07164) ( .L43)

SeL34 .3761 .2946 .6727 3.903 995.7 9948 ."6203 17.200

( .C205) ( .C157) ( .0512) ( .356) ( .51 ( .CC07) ( .05255) ( .043)



TABLE 7 (contd) i D

_ _ _____ __
-

TEST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAG
AIR WATE: TOTAL AIR WATER FRACTION QUALITY FORCE (N)

- --
__ __

_

- S et 3 0 .3796 .4676 .8275 4.239 996.C 992? 45890 18.420( .C205) ( .0157) ( .C533) ( .057) ( .51 ( .0007) ( .03654) ( .093)C.SEv36- .4C93 .e441 1.C534 4.924 998.1 .9891 .38857 15.700( .C221) ( .C158) ( .0624) ( .061) ( .53 ( .0007) ( .03116) ( .003)SEC37 .3t24 .9060 1.26E4 4. e2 5 997.1 .9e30 .2R572 25.120( .C199) ( .C156) ( .0731) ( .359) ( .53 ( .GC07) ( 02276) ( .140)Sec3t .334C 1.3386 1.670e 4.986 996 6 9671 .19965 27 34C( .0202) ( .C156) ( .1033) ( .060) ( .5) ( .0037) ( .01727) ( .140)56398 .3CUC 1 6268 2 1346 4.953 996.0 .9327 .14428 29.C60( .C21C) ( .C314) ( .15E l ) ( .059) ( .5) ( .0007) ( .31413) ( .14C)SE4Ct .222e 2.6455 3.06e3 4.907 995.7 .6878 .37251 26.640( .C21C) ( .C314) ( .2913) ( .059) ( .51 ( .CC07) ( .00972) ( .14C)SF: 41 .1527 C.C000 .1527 1.740 997.1 1.CCon 1.0007C 2.e90( .C121) ( C.C000) ( .C127) ( .053) ( .51 ( .GC07) ( .11767) ( .093)Seo42 .229t .C797 .3093 2.497 947.9 995a .74221 6.980( .C142) ( .C15 8 ) ( .C641) ( .055) ( .51 ( .CC07) ( .1604C) ( .093)SE'43 .2175 .1456 .363C 2.480 997.1 9940 59899 7.410w
o ( .C135) ( .C158) ( .C453) ( .054) ( .51 ( .0C07) ( .09347) ( .cG3)5B;44 .215C .1980 4129 2.46e 94e.9 .9939 . zes7 a.15-( .C133) ( .015e) t .0416) ( .053) ( .5) ( .0007) ( .061'd) t .G93)SEv't .2t51 .2940 .5597 3.166 996.3 .99?? 4745e c3.t dG( .CIAS) ( .C157) ( .C42o) ( .054) ( .)) ( .C607) ( .S4454) ( .14")See4e .3954 .4480 .6434 4.342 99t.6 4922 45aa4 22 460( .C213) ( .0157) ( .0542) ( .05a) ( .53 ( .GC071 ( .33931) t .140)

'

5804/ .10C 3 C.C000 .10C3 1.627 997.1 1.GC"O 1.0003G 1.227( .C102) ( 'C . C00 0 ) ( .C1C2) ( .051) ( .51 ( .0C07) ( .14453) ( .09?)
.

,

580 4r .1027 .C816 .1843 1.016 996.6 .9921 .55712 2.et0( .ClG4) ( .0157) ( .04C2) ( .052) ( .51 ( .0C^7) ( .13406) ( . L' ? )4SEc44 .1547 .1384 .2931 2.425 99t.t 9970 .c)7"t 4.340( .,0127) ( .0157) ( 0411) ( .35 3) ( .51 ( . jus 71 ( 79*?4) ( .;c')ibi ;- .1497 .2022 .3519 2.436 196.3 .990a 42530 4.470( .C124) ( .C157) ( .0394) ( .05 3) ( .5) ( .0007) ( .'5966) ( .093)5 N ;i .1475 .2926 44C3 2.420 99f.C .9tFS 23406 t.0?C( .(121) ( .0157) ( .C432) ( .052) ( .51 ( .;cG7) ( .342'11 ( .tc3)S Es 54 .1444 4486 .5931 2.409 945.7 9eT9 7 4 35 C 9 06"W ( .C120) ( .0157) ( .C534) ( . 35 2) ( .51 ( .00n7) ( .02992) ( .09?)CD SEs:3 1447 .t321 .77te 2.418 995 3 .9771 .19e'b IC.271
-

( .012C) ( .C157) ( .C671) ( .G52) ( .53 ( .CL37) ( .1227 t) ( .09?)CD 3E0t4 .2C79 .9085 1.11t4 3.298 997.4 0715 .lo671 It.t20'"
( .0131) ( .0l>8) ( .0832) ( .050) ( .51 ( .CCn7) ( 7143c) ( . ;4( )CD SEfti .C740 C.C00C .C74t 1.632 997.1 1.CCa' 1.0006C .tt^NJ ( .01151 ( C.C000) ( .0115) ( .051) ( .i) i .JC07) ( .21605) ( .t 9')_ h. .:t .C 75 ? .C54C .1253 1.598 995.7 4864 .So255 1.360

ha a

m ( .C11t) ( .J1>7) ( .0426) ( .0521 ( .53 ( .0C07) ( .?l219) ( .6971S E c ; ,e .C753 .1458 .2211 1.599 94t.C 9e3? .34065 c.010( .Cile) ( .0157) ( .C415) ( .051) ( .51 ( .0CO') ( .3a?6el ( .0c3)

G G 9
. .
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hl DTABLE 7 (contd)

:= |
- 71EST MASS FLOW RATES (kg/s) PHASE DENSITIES (kg/cu-m) VOID FLOW DRAG
{ $ AIR WATER TOTAL AIR WATER FRACTION QUALITY FORCE (N)
,

52C5o .C736 .2072 .28Ce 1.607 994.6 .9790 .76208 2.370
( .C114) ( .C157) ( .C4tel ( .0513 ( .51 ( .0007) ( .06096) ( .093)

S EC 54 .072e .2904 .3e32 1.60s 994.e .9736 .20041 2.s30
( .C113) ( .0157) ( .C599) ( .J50) ( .5) ( .CC07) ( .14544) ( .003)

SBCtc .0753 .4503 .5256 1.561 994 3 9650 .14319 4.210
( .C113) ( .0157) ( .081C) ( .050) ( .51 ( .CCn7) ( 030821 ( .0431

SB0c1 .1102 .6382 .74E4 2.367 954.3 967' .14772 6.100
( .0117) ( .C157) ( .0619) ( .051) ( .5) ( .0007) ( .02239) ( .C03)

586t2 .1C95 .9069 1. Cit 4 2.349 994.3 .9476 .10773 6.330
( .0116) ( .C157) ( .1093) ( .051) ( .5) ( .0c07) ( .31676) ( .043)

SEtt3 .1434 1.3381 1.4815 3.119 954.3 .4317 .09679 13.267
( .C133) ( .0157) ( .1362) ( .053) ( .51 ( .0C07) ( .01272) ( .003)

5 8C 64 .1431 1.5155 1.6567 3.215 994.6 .9290 .0863C 13.900
( .C13C) ( .C157) ( .1521) ( .053) ( .51 ( .CC07) ( .01115) ( .C03)

5tt: 0 .0469 C.C000 .0469 1.606 997.1 1.CC00 1.00000 .240
( .CC22) ( C .C000 ) ( .0022) ( .351) ( .51 ( .CC07) ( .06612) ( .v03)

5 Eve 6 .C464 .C662 .1126 1.594 995.7 9652 41272 .720 ;
( .CC22) ( .C157) ( .0273) ( .J51) ( .5) ( .CC07) ( .1016e) ( .G93)SEJ _< .0462 .1458 .192C 1.603 995.0 .9629 .?4073 .610w
( .CC22) ( .C157) ( .C226) ( .051) ( .5) ( .CC07) ( 03053) ( .003)--

Ser6c .0462 .2070 .2532 1.561 944.6 .9576 .19753 .990
( .LC22) ( .C157) ( .02261 ( .050) ( .51 ( .0c07) ( .01845) ( .003)

SPLe4 .C46C .2916 .3316 1.583 994.3 .9496 .13626 1.24"
( .LC22) ( . L 15 7 ) ( .C242) ( .050) ( .51 ( .CC07) ( .0117C) ( .C93)

SE(7C .C456 .4354 4813 1.562 993.9 .9344 00523 1.790
( .CC22) ( .C157) ( .C206) ( .J50) ( .51 ( .CC17) ( .On723) ( .CC')

50 7- .0459 .6335 .6794 i.960 943.5 9199 16755 c.521
( .CC22) ( .0157) ( .0362) ( .05C) ( .9) ( .JCn7) ( 30 4A 1) ( .C93)5B_lik .C300 0.C000 .C3Cd 1.663 997.1 1.CC00 1.60000 .11C

NO ( .0016) ( C.C000 ) ( .0016) ( .051) ( .51 ( .0007) ( .'7466) ( .LG')
o 5Es 13 .C314 .C689 .12C3 1.563 944.e 9548 .26197 .32C

( .CC17) ( .(157) ( .02i7) ( .050) ( .5) ( .0007) ( .0500e) ( .003)o 5E _44 .C312 .1462 .2713 1.564 994.3 9490 .1757C .390
.

~
( .0016) ( .C157) ( .C212) ( .051) ( .5) ( .0C'7) ( 373')O) ( .cC3)

CD 5 t . 7 .C310 .2069 .237e 1.565 443.G .4415 .13024 .tif
N ( .CC16) ( .C157) ( .C22Cl ( .050) ( .5) { .0007) ( .31346) ( .co')
N 5 E4 75 .& 3G t .2930 .3235 1.554 943.5 9206 .')9444 .710

( .CCitI ( .C1571 ( .C244) ( *50) ( .5) ( .CC07) ( .00870) ( .L431y .

5FL 77 .03C3 4499 .4EC2 1.302 993.1 9134 36376 1.v90
( .CCle) ( .0157) ( .C3C5) ( .0?0) ( .b) ( .CC07) ( .00"23) ( .093)

a. Nut ers in parentheses are *ne uncertainties in the quantities immediately above. The 95% confidence level
was used.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 8

TEST SECTION FLUID PROPERTIES FOR TEST SERIES SBl

-

TEST TEMP. PRES. DENSITITIES VISCOSITIES SURFACE
v NO. AIR WATER AIR WATER TENSION

{ (K) (kPa) (kg/cu-m) (kg/cu-m) (kPa-s) (kPa s) (dynes /cm)

C1 _

.

S609A 302. 86.0 .99 996.6 1.e4 81.73 71.4
SBJ9E 309 86.0 .97 994.2 1.86 70.63 70.3
Sc]9C 309 te.0 .97 994.3 1.88 70.63 70.3
5ElCA 203. E6.0 99 996.3 1.85 79.98 71.2
561Ce 309 86.0 .97 994.3 1.6e 70.63 70.3
5tlCC 309. Ee.0 .97 994.3 1.86 70.63 70.3
5bliA 303. te.0 .99 996.3 1.e> 79.98 71.2
3E118 30 9. E6.0 .97 994.3 1.88 70.63 70.3
3B11C 209. ee.0 .97 993.9 1.e6 70.63 70.3
5bl2A 30'. 66.0 99 996.C. 1.8) 78.29 71.1
58126 309. t6.0 97 994.3 1.88 70.t3 70.3
5612C 310. 66.0 .97 993.9 1.69 69.24 70.1
5E13A 304. 86.0 .99 996.0 1.65 78.29 71.1
5B128 20t. t6.0 .97 994.6 1.86 72.07 70.4

w 5 313C 31C. 06.0 .97 993.9 1.69 69.24 70.1" dE14A 305. 86.0 .98 995.7 1.E6 76.6e 70.0
Ed1'b 206. E6.0 .97 994.6 1.66 72.C 7 70.4
5814C 310. Et.0 .97 993.9 1.69 69.24 70.1
5bl5a 305. 66.0 .98 99).7 1.80 76.tt 70.0
SH156 306. 66.0 .97 994.6 1.86 72.07 70.4 '7 C]]
>Bitt 31C. E6.0 .97 993.9 1.89 69.24 70.1

bcids5Elea 306. E6.0 .98 995.3 1.86 75,v b 70.8 d
SEltb 306. 26.0 .97 994.6 1.88 72.C7 79.4 @EEDr

atleC Ill. 66.0 .97 993.9 1 89 69.24 70.1 1Sella 30t. 66.0 .98 995.3 1.6c 75.0c 73.9 EEEL
3BA7B 30t. t6.0 97 994.e 1.oe 72.L7 7).4
SE' 7C 31C. U6.0 97 993.9 1.69 c9.24 77.1
SbitA 307. 66.0 .98 995.9 1. e 7 73.55 70.6 b 9-
SElet 20E. ee.0 97 994.6 1.66 72.07 70.4 tjySdlEC 311. et.0 .96 993.0 1 69 67.90 70.0
SelSA 307. 66.0 .98 995.0 1.87 73.5t 79.6
kelSt 30 7. E6.0 .98 99).C 1.67 73.tt 73.6 bd cd
ill4L 311. 86.0 96 993.L 1.69 67.9. 79.7

wo >P2iA 262. 90.7 1.12 997.1 1.76 134.22 76.0 pced
CD 627U 293. 69.6 1.07 997 1 1.eC ICJ.t4 73.2

s e2 7L 294 t%.2 1.06 997.1 1.El 9o.14 73.0 55EDC3 at2tA c e( . 94.9 1.le 997.1 1.7t 142.15 77.3e

-" hP?SB 292. 93.7 1.12 997.. 1.63 103.L4 73.5 b
; CD te2tC 294 93 1 1.lC 997 1 1.el 95.l* 73.0

rs) E29A 2o6 IC1.9 1 23 997.1 1.78 114.L4 74.*
ab290 291. 104.0 1.25 997.1 1.ej 16t.e3 73.7pg)bf24C 292. 10*.0 1.24 997.1 1.30 icd.5% 73.?OC

O O O
. .

e
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c. TABLE 8 (contd)
m:

_

TEST TEMP. PRES. DENSITITIES VISCOSITIES SURFACE
NO. AIR WATER AIR WATER TENSION

(K) (kPa) (kg/cu-m) (kg/cu-m) (kPa s) (kPa-s) (dynes /cm)
-

ac3CA 269. 113.9 1.37 997.1 1. 79 111.13 74.35e3ae 29C. 212.s 1 37 s97.1 1.79 10s.33 74.3563Cf 292. 114.7 1.37 997.1 1.80 163.C4 73.5 T5 B 314. 28t. 124.6 1.51 997.1 1. 78 114.04 74.A5631B 289. 125.3 1.51 997.1 1.79 111.13 74.35B32C 292. 126.8 1.51 997.1 1.60 1c3.04 73.5 M)5332A 289 142.9 1.72 997.1 1.79 111 13 74.35632e 289. 146.1 1.79 997.1 1.79 111.13 74.3 23'-5 0)B32C 291. 146.5 1.75 997.1 1.8u 107.63 73.7JH33A 2et. 272.5 3.30 997.i 1.78 114.L4 74.6 -

ht33t 281. 222.7 2.84 997.1 1.76 117.07 75. 3Sc33C 290. 237.7 2.66 997.1 1.79 10d.33 74.0 ;g'.p)w SE34A 269. 314 1 3.79 997.1 1.79 111 13 74.3" 5EJ37 299. 67.3 1.03 997.1 1.63 67.34 71.0
>

>c 36 295. 129.3 1.53 996.b A.Sl 95.62 72.9:EJ'3 294 15L.5 1.75 997.4 1.e3 87.34 71.9 "
3c049 401. 161.9 1.87 996.9 1.64 63.53 71.6 FM* 5e045 304. 222.4 2.55 99e.3 1.e5 76.cs 71.1O 5e046 304 3C5.2 3.50 996.0 1.65 78.29 7. 1O aV 4e 3C2. 4tl.1 5.32 996.6 1.84 81.73 71.4 h,a N '9 303. 'cl.2 5.31 996.3 1.85 79.96 71.?

-

19050 296. 26e.2 3.35 998 1 1. d 3 64.35 7?.1o aEJ57 303. 354.9 4.ut 996.4 1.e5 79.%e 71.?N de?te 304 41E.2 4.79 996.0 1.e; 76.29 71.1N ;d?M 305. 4 cC .0 5.20 995.7 1.90 70.c6 71.94

- _ _ _ - _ _ _ _



TABLE o

TEST SECTION FLUID PROPERTIES FOR TEST SERIES SB2

e5 TEST TEMP. PRES. DENSITITIES VISCOSITIES SURFACE

/ NO. AIR WATER AIR WATER TENSION

{ (K) (kPa) (kg/cu-m) (kg/cu-m) (kPa.s) (kPa.s) (dynes /cm)

-

-.

580'9 30E. 100.0 1.13 994.6 1.88 73.92 73.4
S P C J C' 3GE. ICC.) 1.12 9 9 4. e- 1.68 73.92 70.4
5BC11 209. ICC.) 1.12 994.? 1.88 71.50 70.?
SeJ12 300. 100.3 : .1? Cc4.6 1.86 73.92 70.4
$E313 306. ICC.C ; .13 944.t 1.Fe 73.92 79.4
SE l' 300 ICC.9 1.1? 994.t 1.88 73.92 70.4
SSL9F 212. ICC.; 1.12 993.1 1.90 66.92 69.*
SelLL 212. ICC.) 1.11 992.7 1.91 66.00 69.6
Selle 313. IC C .0 . 11 992.7 1.91 t6.00 69.6
5tl2f 21?. 3CC.: 1.;; 942.7 1.91 66.CC 60.6
Sel2e 314. 10C.3 1.1; 492.3 1.91 65.C9 69.5
SB1(b 214 ICt.) 1.11 992.3 1.91 e5.C9 60.5

% 58022 295. 141.' ! .e c 997.1 1.81 1C1 46 77.A e
$ P 'J 2 4 295. 3(1.4 1.t 7 997.1 1.01 101.4t 7?.
Sc025 29t. 172.4 2.c3 997.1 1.82 99.34 72.5 @]
SE32c 29t. 139.o 1.63 997.1 1.83 95.10 72.1
SP 27 202. 142.1 1.o t 997.1 1.84 d6.63 71.4

'

5P02F 202. 169." 2.lt 997.1 1.85 84.51 71.2 g
SEC3C 300. 2C2.7 2.37 997.4 1.04 93.67 71.o
SB22E 299. 14C.6 A.64 997.1 1.83 92.99 71.9
56236 299. 141.0 : .0 4 997.1 1.e3 92.99 71.7 (3_J
$224E 29t. icC.1 1.6 L 997.1 1.63 95.1C 72.1
SP2?b 296. 1*C.4 1.59 997.; 1.E3 95.10 72.1 52i 8 ),

|
5edtE 296. 139.7 1.02 9G7.1 1.03 95.1C 72.1 -r'

[c jSE2it 29E. 129.9 1.e 4 997.1 1.63 95.10 77.1 g,

| 5E721 304. 2C4.5 7.34 497.1 1.P5 62.39 71.1 < ,

5FC2? 29e. 247.5 7.91 C9t.O 1.82 99.34 77.5 -

1e323 291. Ef4.0 2.90 % 6 . f. I.ez 97.22 27.2 F~j
w SeC34 299. it4.4 3 . '. - 996.e 2.E2 c2.99 71.9 g

SEC2i 2C1. 27t.a 3.21 99c.3 1.e4 e6.75 71.6CD 5 b0 3! 301. 295.3 3.42 996.3 1.64 e3.75 71.6 U
-'

O SEc27 2C1. 235.2 ?.e5 99e.3 1.84 6d.75 71.A
59 Cit 2C2. 329.1 2.0 996.3 1.t4 66.63 71.4-"

O SP)39 302. 2?5.0 ?.'' C44.' 1.85 e4.51 21.>
r%)
u
O

|
.

O O O
. .

i
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O7.7_ TABLE 9 (contd)
_.

C
c: -

''
TEST TEMP. PRES. DENSITITIES VISCOSITIES SURFACE
NO. AIR WATER AIR WATER TENSION

(K) (kPa) (kg/cu-m) (kg/cu-m) (kPa s) (kPa s) (dynes /cm)
_

StC'C 203. ?lt.5 3.tt 99c.3 1.e5 e4.51 71.2
SE042 295. 2CE.6 2.46 996.3 1.61 101.46 72.8
580'3 29t. 206.5 2.4e 996.0 1.82 99 34 7?.5
5EC'' 29E. 2CS.2 ?.44 co5.7 1.E3 45.lC 72.1
5BJ45 2CC. 252.6 2.42 995.7 1.e4 93.67 71.a
SE0't 302. 334.o 3.t c g4t.7 1.84 66.63 71.4
SEC4E 289. 13 t .c 1.67 997.6 1.79 114.17 74.?
56C'9 293. 121.6 1.f 4 996.9 1.8C 105.7C 73.2
SE750 290. 141.2 1.e t 99t.6 1.62 99.34 7?.5
SECil 2C0. 2Ct.2 2.62 9G'.3 1.04 90.67 71.0
scc 52 305. 2(f.3 2.3t 944.3 1.Et 60.27 7N.7
56353 307. 217.3 3 .1 t 994.3 1.E7 76.04 79.6
5E't4 307. 295.G 3.3r 994.3 1.67 70.C4 70.6 Y
SH'50 30 3. 124.t 1.43 993.9 1.85 64.51 71.7 (, ,)w dE;54 300. 194.3 2 . 2 '. 993.5 1.86 76.16 79.a* SE?tt 30E. 19t.1 2.22 99?.i 1.8e 73.92 70.4 (r m)
SE0tl 309. 197.1 ?.2? 993.5 1.8e 71.eC 7,.3
SE0t2 310. 237.7 7.c 7 993 5 1.69 69.6L 73.1 M
500(3 310. 27L.3 3.'4 993.5 1 69 69.tt 70.]
5Eeff 292. 124.7 1. e ;97.4 1.E0 iC5.7C 73.?

b 9SE t7 293. 133.. 1. , 046.5 1.50 105.7C 7?.2
St tE 299. 125.4 1.: 94t.6 1.63 92.99 71.7
SEvt% 3CC. 132.3 1.5; C96.0 1.e4 9s.67 71.8
SPC7L 3C 3. 12 f . 2 1.5: 995.3 1.85 64.51 71.2

4 SE171 305. 121.7 1.5 m 995.0 1.e6 EO.27 7 ') . 9 b ch
o SPC73 363. 13e.; 1.c e 99t.c 1.85 e4.51 71.2 -

SEli4 IC'. 335. . 1.5 ; 904.2 1.85 62.39 71.1 Wo
5P77) ?Cf. 13 5 . t' I.'c 943.4 1.ee 78.le 7S.a
at;7r 20t. 134.c 1.- 4 ,3 . ; 1.bb 73.42 70.4 C-

O SE li 3GS. IIt.3 1. 4 OG3.1 1.6E 71.60 70.3 g
N SE)79 29t. 124.4 1.; e 9ad.t 1.62 99.34 72.5
u S E '. t . 2ci. 12 2 . r. '.5i 495.' 1.62 97.22 77.3

'f fl 202. 123.t ' . ' ' CC4.3 1.84 66.63 71.4
5Flci 3Cf. 13 2 .t 1.f ' o w l . '- 1.e6 78.16 70.a

.
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TABLE 10

TEST SECTION FLUID PROPERTIES FOR TEST SERIES SB3
__

--

T TEST TEMP. PR ES. DENSITITIES VISCOSITIES SURFACEi NO. AIR WATER AIR WATER TENSIONj (K) (kPa) (kg/cu-m) (kg/cu-m) (kPa.s) (kPa-s) (dynes /cm)
:
T
o

St0C7 305. 100.0 1.14 995.3 1.86 7e.66 70.95e006 304 ICC.0 1.15 995.7 1.85 76.29 71.1SFCC9 30'. ICC.0 1.15 996.0 1.85 78.29 71.159010 303. ICC.0 1.15 996.3 1.85 79.98 71.2SEJ11 302. ICC.0 1.15 996.6 1.84 81.73 71.45eC12 301. 1C0.0 1.16 996.9 1.e4 83.53 71.65t]I3 300. 100.0 1.16 997.1 1.64 e5.41 71.PSP.14 299. ICC.0 1.17 997.4 1.83 87.34 71.9SEC2C 29e. 144.6 1.69 997.1 1.b3 69.35 72.15E021 290. 145.6 1.71 997.1 1.83 89.35 72.155;22 297. 146.2 1.72 997.1 1.e2 91.43 72.3M 5B023 297. 140.5 1.65 997.1 1.8? 91.43 72.3 ' agg'
58',24 29t. 145.3 1.71 997.1 1 82 93.56 72.55EC21 29t. 146.7 1.73 997.1 1.82 93.56 72.5 QZZ9SEC26 299. 143.0 1.67 997.1 1.83 67.34 71.9S E., 2 7 299. 143.5 1.67 997.1 1.63 87.34 71.9 D
SEJ2F 300. 28C.3 3.26 997.1 1.84 85.41 71.A 335d5eJ30 284 259.7 3 19 997.1 1.76 126.93 76.15B30A 26t. 20C.9 3 42 997.1 1.77 120.23 75.?SE231 29C. 294.6 3.54 996.3 1.79 108.33 74.0 G 3SEC73 296. 312.5 3.6e 996.3 1.82 93.58 72.5SEJt3 299. 319.2 3.72 996.0 1.e3 87.34 71.9 E3Ed5b0 4 302. 338.2 3.9C 995.7 1.64 81.73 71.4 ,

SE033 303. 368.5 4.24 996.0 1.65 79.98 71.2 @g cdbB336 294 415.3 4.92 998.1 1.81 98.14 73.05t)37 300 415.3 4.83 997.1 1.E4 65.41 71.9 -

2E036 302. 432.3 4.99 996.6 1.6% 61.73 71.4 /
ic3%E 304 432.0 4.95 996.0 1.85 76.29 71.1 e-SE4CE 305. 429.4 4.91 995.7 1.to 70.t6 70.02E041 29C. 144.8 1.74 997.1 1.79 108.33 74.3 b3B)42 2e9 2C7.0 2.5C 997.9 1. 79 111.13 74.3NO SE.43 293. 208.5 2.48 997.1 1.80 100.54 73.2

CD 5S044 29t. 2C9.6 2.47 996.9 1.62 93.f8 72.5dPJ45 30C. 274.2 3.19 996.3 1.e4 85.41 71.8CD 5t046 299. 372.5 4.34 996.0 1.03 67.34 71.0-" 1EJ 7 296. 139.1 1.63 997.1 1.63 69.35 72.1CD $EC4e 29t. 137.2 1.62 996.6 1.82 93.tB 7?.5rs) SeC49 29t. 2C5.9 2.42 996.6 1.62 93.56 72.5SE050 240. 2C8.4 2.44 4G6 3 1.93 69.35 72.1tg
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TABLE 10 (contd)

v
.

v .;
y , ,
O TEST TEMP. PRES. DENSITITIES VISCOSITIES SURFACE
Z* NO. AIP WATER AIR WATER TENSION
.h. (K) (kPa) (kg/cu-m) (kg/cu-m) (kPa.s) (kPa s) (dynes /cm).

-C'

$EC51 301. 2C9.0 2.42 996.0 1.e4 83.53 71.6SEJ52 3C3. 2C9.4 2.41 995.7 1.e5 79.98 71.2SEG53 304 21 C .9 2.42 995.3 1.85 78.29 71.15B054 297. ZEI.0 3.30 997.4 1.02 91.43 7?.3SE05: 292. 139.5 1.63 997.1 1.83 89.35 72.1Se056 291. 13t.2 1.60 995.7 1.82 91.43 72.3SE057 299. 137.2 1.60 995.0 1.83 87.34 71.95Et 56 ?C2. 139.2 1.61 994.e 1.84 81 73 71.4SE054 304 140 1 1.61 994.6 1.65 78.29 71.158000 300. 137.0 1.56 994.3 1.66 75.06 70.8SLJ61 30 7. 2C8.5 2.37 994.3 1.87 73.55 70.6SEJt2 306. 2C 7.6 2.35 994.3 1.88 72.07 70.4
SECT 3 300. 275.6 3.12 994.3 1 88 72.C7 70.4 %O SE0th 30E. 264.1 3.22 994.6 1.Ee 72.C7 70.458e56 30C. 138.2 1.61 997.1 1.84 85.41 71.85 EC c6 300. 137.2 1.59 995.7 1.84 85.41 71.8IELt7 302. 13e.9 1.6C 995.0 1.84 ei.73 71.45E066 304

}39.0
37.9 1.58 994.6 1.85 78.29 71.15B0t9 306. 1 1.58 994.3 1.86 75.06 70.e5007C 30t. 138.0 1.5e 993.9 1.86 72.07 70.450071 30 9. 136 3 1.56 993.5 1.06 73.63 70.1Sb72P 302. I'4 1 1.e6 997.1 1.e4 81.73 71.45E]73 304. 138.1 1.58 994.6 1.e5 78.29 71.1@ 58074 303. 137.7 1.58 994.3 1.65 79.98 71.7o S E 175 3Ct. 137.4 1.57 993.9 1.80 75.Ct 73.''S PC 76 30 0. 137.3 1.55 993.5 1.Bo 72.07 77.4 c:=:3o 5e'i7 3C9. 136.5 1.5e 993.1 1. ft d 70.63 70.3 g_
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TABLE 11

PIT 0T TUBE AND OlFFERENTIAL PRESSURE MEASUREMENTS FROM SBl

Test Number DP1 (Top) DP2 DP3 DP4 DPS (Bottom) APDRAG

.

2 2 (kPa)2 kg/m s kg/m.s2 kg/m s2 kg/m skg/m s

~

9A ?800 4000 4800 4000 3000 0.5 i

B 2800 4000 4800 4000 3000 0.6

C 3000 4000 4800 4000 3000 0.6

10A 4800 6600 7800 6600 5000 0.9

B 4600 6400 7600 6600 489^ 0.9

C 4800 6800 7800 6000 50u. 0.8

11A 6200 8600 10400 8800 6400 1.2

B 6000 8400 9800 8600 6400 1.1

C 6200 8400 10200 8600 6400 1.1

12A 7800 10800 12600 10800 7800 1.5

B 7600 10600 12400 10600 8000 1.5

C 7600 10200 12400 10600 7800 1.3

13A 11000 15600 18600 15800 11800 2.2

B 11000 15200 17800 15400 11500 2.1

C 11400 15400 18600 16000 11800 2.0

14A 14800 20600 24400 20800 15400 2.9

B 14800 20400 23800 20600 15600 2.8

C 15200 20400 24200 20800 15400 ?.7

15A 17400 30000 35400 30600 22800 4.1

B 22200 30200 35400 30600 23200 4.1

C 23000 30800 36400 31400 23200 4.1

16A 29200 39600 46800 40400 30200 5.4

B 29200 39800 46200 40400 30400 5.4

C 29600 39600 46600 40600 30200 5.2

17A 36600 49600 58000 50400 37800 6.7

8 36600 49400 57400 49600 37400 6.6
C 36800 49000 57400 50000 37400 6.5

18A 73800 99000 114000 100000 75600 12.9

B 72400 97400 112000 101000 74800 12.8

C 74200 98400 114000 100000 75000 12.9

19A 80600 108000 123000 109000 82600 14.2

B 80400 108000 123000 109000 82600 14.2

C 81800 108000 124000 110000 82200 14.2

27A 1400 4600 3400 3200 4000 0.5
B 4800 4600 5200 3400 4200 0.8
C 4500 4400 5400 3400 4200 0.5

! 28A 600 4800 3800 3400 5200 1.7

B 4800 5800 7000 4800 4600 1.9|

C 6800 7800 9200 6800 6600 1.0

29A 7400 13000 13200 11800 10800 1.7

B 11200 14000 16600 13200 11400 3.2

C 12000 15000 17800 14400 12400 2.9

ttS0f00e 900 0234
38



TABLE 11 (contd)

( \
\ )

Test Number DP1(Top) DP2 DP3 DP4 DP5 (Bottom) APDRAG

2 2 2 2 2 (kPa)
'

kg/m.s kg/m.s kg/m.s kg/m.s kg /m. s

_ __

30A 15000 23000 25200 22200 18600 4.3'

8 18800 24000 28000 23200 19800 5.3
C 18000 23000 27000 22000 19000 4.8

31A 22200 32800 36000 32600 28400 7.8
8 25400 33200 38800 32600 26800 8.4
C 25800 33400 39200 32800 27200 8.0

32A 31000 44400 49400 43400 35000 I?.4
B 35600 46400 54200 46000 37200 13.2
C 36000 45800 53400 45200 36600 12.9

33A 66200 92000 104000 92000 70600 28.7
B 59600 78800 90800 79200 61800 24.6
C 60800 80400 92600 80600 62600 25.0

34A 79800 106000 120000 107000 81600 33.1

37 25400 49200 59600 52000 55000 9.8
38 56800 77800 91400 81400 82800 21.1
43 40400 58800 67200 57200 42400 13.8

f') 44 47800 68000 74200 66000 52000 14.1

() 45 93000 109000 104000 109000 100000 19.6
46 156000 152000 139000 162000 166000 31.0
48 263000 184000 164000 213000 272000 55.2
49 258000 181000 164000 208000 274000 54.9
56 114000 157000 178000 162000 122000 49.7
57 144000 200000 224000 206000 156000 50.5
58 181000 251000 277000 257000 197000 56.8
59 207000 282000 298000 283000 226000 60.8

:
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TABLE 12

PIT 0T TUBE AND DIFFERENTIAL PRESSURE MEASUREMENTS FROM SB2

Test Number DP1(Top) DP2 DP3 DP4 DP5 (Bottom) oPDRAG

_. .

2 2 2 2 2kg/m.s kg/m.s kg/m.s kg/m.s kg/m.s (kPa)

. . - - . - ,

10 3630 5560 6040 5690 4370 1.0
11 9290 13560 14820 14110 10970 2.2
I? 23110 34020 36880 35310 27250 5.1

13 40690 60020 65140 62470 47990 9.0
14 70730 104280 112460 107070 82330 15.7
7B 450 680 850 730 650 0.17
Bil 910 1360 1630 1470 1170 0.27
9B 1970 2920 3350 3110 2390 0.51

1011 3670 5320 5990 5630 4230 0.87
118 8870 12700 14000 13400 10100 1.95
1PB 22300 33200 36600 34900 26800 5.03
1E 39500 58700 64200 61100 46900 8.90
14B 69400 104000 113000 107000 81700 15.86

21 2120 5270 5850 8550 3350 0.1
24 4480 8610 9510 12010 6110 0.7
25 9880 16090 17690 20050 13830 2.0
26 10000 16890 18610 20350 12950 2.7
?/ 13480 21910 24090 25470 16990 4.0-
28 36430 55950 60770 60450 43050 16.6

21B 3810 3680 3400 2190 1070

22B 5350 6000 5980 4650 2690 0.12
23B 7530 8940 9240 7770 5130 0.65
248 9950 12300 13000 11400 7310 0.96
25B 12600 16400 17500 15700 11000 1.65
26B 15000 20400 21900 20000 14500 2.62
278 18300 25200 27200 25100 18500 3.88
28B 71800 105000 113000 117000 81300 34.57

30 42870 63980 70880 68970 50860 20.3
31 42990 64360 71160 69030 51260 20.3

32 0? 'i;47490);' 86520 97820 97810 62660 21.1
33 ~47450' 92000 103320 104230 66400 22.0'

34 47410 97880 108660 112670 71880 23.3
35 48810 106240 116340 124250 80580 25.3
36 50250 122080 129580 143050 102440 29.1
37 53870 156100 150100 150130 143110 32.9
38 72410 190920 171420 182370 166100 35.6
39 84830 198100 161860 197950 125300 37. -
40 93070 134940 133020 156810 128040 33.5 .

41 136850 146620 146560 167250 145660 33.1
42 22420 44960 51860 47930 33460 10.5 |

43 29900 61580 69140 68830 43580 12.9
44 32560 72100 79680 80890 51740 15.9
45 40000 90940 100120 106470 70740 22.1

.

'

46 56620 140920 146520 155590 114020 33.1

9001023640



TABLE 12 (contd),o
i

Test Number DP1 (Top) DP2 DP3 DP4 DP5 (Bottom) taPDRAG

.

2 2 kg/m.s2 kg/m.s2 kg/m s2 (kPa)kg/m.s kg/m.s

.

48 5240 16120 24130 23620 12240 3.8
49 7740 30750 37830 33960 15780 5.3
50 8840 40300 45410 44520 18160 6.3
51 19360 60400 66330 71360 41940 10.1
52 22140 86660 88010 92780 58860 14.2
53 31860 125540 116970 127800 100300 21.2
54 57840 171740 142770 159120 132920 30.7
56 890 1190 14860 11820 5120 3.0
57 3350 24790 29840 27380 0160 3.7
58 4890 32870 38060 34820 8560 5.3
59 9390 42470 49420 57640 21180 7.1
60 13350 62910 65380 80740 23960 9.7
61 14310 78210 73480 97400 31620 13.3
62 25350 92890 87420 109280 54860 18.2
63 41250 119150 111960 135620 110460 26.3
66 2220 3470 4310 2810 2320 1.0

p 67 2560 4830 5570 3010 4200 1.2
( 68 620 3410 3190 1710 7260 1.3
'- 69 2280 8190 6850 2530 9880 1.8

70 4080 13470 11010 5830 14500 2.6
71 5760 21510 19410 10410 18400 3.6

a. Test numbers 7-14 are single phase (water) flows and test numbers 21-28
are single phase (air) flows.

-

90010237
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TABLE 13

PITOT TUBE AND DIFFERENTIAL PRESSURE MEASUREMENTS FROM SB3 | h

Test Number DP-lT DP-2 DP-3 DP-4 DP-5B APDRAG
.

2 kg/m.s2 kg /m.s2 kg/m.s2 kg/m. s2 (kPa)kg/m.s
-

7 3220 3480 - 3100 1620
8 3460 4160 - 3820 2100
9 4960 5640 - 5340 3220

10 6780 8140 - 7900 5160
11 12000 15400 - 15500 11600
12 27000 36000 41000 36500 27000
13 46200 61700 61900 62600 46000
14 75500 101000 113000 103000 75400
6A 290 270 360 1490 270 0.00
7A 370 610 720 1650 530 0.09
8A 810 1270 1580 2690 1090 0.32
9A 1870 2750 3610 4490 2370 0.98

10A 3730 5250 5850 7410 4270 1.09
11A 9190 12600 13860 16100 10200 2.62
12A 23700 32800 35900 39400 26700 6.50
13A 42100 58700 56600 68600 47900 11.44
14A 70900 98600 97600 111000 80700 19.18

20 560 920 3540 1800 c .

21 1660 2320 5100 3260 - -

22 3820 5220 8280 6260 2140 -

23 5520 7700 11000 8780 3960 0.04
24 8160 11100 - 12300 6560 0.71
25 10300 14000 17900 15300 8800 1.34
26 13600 18600 23000 20000 12400 2.52
27 16800 22900 27800 24600 15700 3.64
28 69800 93600 105000 96300 67300 29.19

20A 920 1140 1380 7620 1020 0.14
21A 1940 2520 2860 9340 2')20 0.44
22A 3960 5340 5840 12300 4240 1.01
23A 6300 8420 9220 15400 6800 1.68
24A 8360 11200 12300 18600 9000 2.33
25A ;, 11300. 15300 16600 22600 12800 3.33

b :f14800-
.:

26A L 20000 21800 28100 16600 4.77
27A 18400 24700 27200 33200 20600 6.32
28A 59100 83100 90800 107000 69700 31.37
30A 60900 87700 94800 110000 71000 25.68
31A 52900 86400 95700 111000 63600 22.79
32A 57200 102000 118000 133000 72200 26.86 -

33A 60000 118000 133000 148000 74400 28.32
34A 71700 159000 167000 20900 103000 35.55

30 54800 79400 85900 100000 64400 32.29
36 98100 199000 193000 235000 131000 40.30
37 124000 b 206000 243000 174000 42.68
38 184000 b 241000 248000 199000 48.01

9001023842
.



TABLE 13 (contd)
f%
'

Test Number DP-1T DP-2 DP-3 DP-4 DP-5B tsPDRAG

2 2 2kg/m s kg/m s kg/m.s2 kg/m s2 kg/m s (kPa)

.

b 257000 252000 215000 52.7738B 191000
39B 195000 b 267000 250000 175000 53.83
408 b b 201000 229000 232000 53.52
41B 8580 16200 16300 22100 13500 2.7
42B 28300 54000 63300 72000 35200 11.31
43B 22600 49700 54900 74400 37600 11.93
44B 36300 78900 87300 102000 47800 15.74
45B 47300 103000 113000 140000 67500 20.32
46B 78100 162000 174000 212000 99800 36.40
47B 3060 280 2940 8680 2760 0.54
48B 4740 23000 27300 31300 11400 3.90
498 17800 43300 49700 58800 21800 6.51
50B 20200 51600 51900 74100 25600 7.41
51B 29000 68400 72400 98900 34300 9.32
52B 36700 98000 91100 130000 55700 12.62
53B 52500 126000 105000 154000 82400 17.24

A 548 92500 173000 144000 206000 128000 27.82
56B 6880 11400 11900 16400 4460 2.32'D) 57B 10400 23700 26600 25700 5940 3.42
588 12200 39400 35000 30800 6020 3.93
59B 14100 50700 46100 39500 7240 4.87
608 17000 64300 65000 61200 11600 7.16
618 31400 80400 79600 134000 29000 10.30
62B 41200 89100 91900 133000 74200 15.04
63B 75100 126000 11800 157000 132000 24.25
648 91700 128000 125000 158000 133000 25.82

66 4330 9740 7290 8240 3560 1.26
67 4490 11400 7670 8540 5000 1.44
68 5450 14400 8110 8540 6960 1.75
69 6670 18400 9170 9180 10200 2.21
70 8590 31000 14500 12100 16000 3.08
71 12800 43900 26900 15900 23500 4.48
73 - - - 1860 160 0.59
74 - - - 2620 1820 0.86
75 - - - 2800 380 1.19
76 1880 1670 410 5300 6160 1.64
77 4600 6830 2510 8460 10400 2.38

.

a. Test numbers 6-14 are for single phase (water) flows and test numbers
/3 20-28 are for single phase (air) tlows.'

U
90010239| b. Transducer was saturated.

g pcj.g |Dgs ey in place of data represents bad data (too low of range, etc.).

g KI) k I.lO 43



r .. . p... s7+

2.0 i
_

; ; ; ; ; , ,
_

i i , i i i i , i

l.8 - -

1.6 - = 10.3 _.

- -

_ = 0.9907 -

!.4 - -

- -
,.

1.2 - \ -

1 0 - > -

- _

0 8 - -

_ _

o.6 - N -

N
O.4 -

_ _

o2 - -

I I ' I I I I I
0.0

O 2 4 6 8 10 12 14 16 18 20

L oc al D.a .. t v C kg /m 3

U j el , 3 O .a .. t . o..te. bot.on from

. c a na.n g o.a.* tom.t.e. for

gse1.... ..-... - -

9h
r... p o .- i a7e

2.O
_

; j j | |
_

i i i i i i i 1 i

1.8 - -a

2 _ _

) !.6 -

D= 10.5
-

|
" ~

0= 0.9905
- 1

-

c 1 4 -

o _ _

b ?'

W l.0 - -

_ _

_I 0.8 - -

| _ _

! 0.6 - -

g - m,_
i 0.4 - <-

o - _

O 2 - -

-|
'

~

l l I I I I I I I

~

|0.0

0 2 4 6 8 10 12 14 16 18

L' [ 'l a ' i () 0 0 3
! t oc oi D.-..., c=g m 3

o .e . . . , o...-s..., <-om
Fig. 7 90010240

.

. . .. .

,;.. se1 -. . . . . . -

u
_ -. . - _ _ - _ - - _ _ _ _ _ _ _ - . _ . - _ _ - - - . - _ _ _ _ - . . - - . _ - __



- _ - _ _ - - . - - - - - . _ . . . - . - . . -~ . . _ . - -. -.

T..i P..a t ne

2 . 0 . iiiqi nui puimpunno mi.pungn nn omnpio onj,iininipniniupaninigmn.pu innpo unpunan

!.8 - -a

h
_

2 - P= 7.6 -

> 1.6 - = 0.9939
-

u _ -

c I.4 - ~

.

s o _ ,s -

I.2 - ~

- 1.0 -

h
-

8
e _

t 0.6 -
-

s .
-

! 0.4 -

o _ _

'
O.2 - -

' ' '
0.0

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

L oc al O.n .. t v Ckg/m 3

Fin. 8 O*a..*w o .**.but.oa f r om

...--eg .. - ... . m . . . ..,

se1p am , . . .... . . . . . . - -

o Ju.1 Alboo
r... n .- , 4so

2. O joij n oj uispoip uip uijuu ju o u ng o u|niij oiip u ipio p uijo n_

1.8 - -a
_

2 - P= 648.7 -

) 1 6 - u= 0.3503 -

u _ _

c 1.4 - -

o _ _

h 1.2 - \ -

3
- x -

W l.0 - A -

- N -

_I 0.8 -- \ -~

,9 - x

! 0.6 - N-
! x

; i 0.4 -

' o _ _

'
O.2 - -

.

I I ' I I ' I I I I I I I I
0 0

O O 100 200 300 400 500 600 700 800

50 150 250 350 450 Sp)0 650 750
L oc al D.n .. t y Ch g /m

U3 gj .;j . o .- . 4, .....s...- < - -g
" " " ~ ~ ' '~'950i00V " ' " ' _ " ~ ~ " ' '.... . . - . . . se'

~90010241
45



re.. p... 44

2.O u niiiiijinij u nin o jiiiiin niiiiiiniig o nio n;n n g o nin iiinii_
_

1.8 - -a
- #= 558,2 -

{
- a= 0,4409 _1.6>

v - _

c 1.9
--

.?
- _

1.2 - - -

i. _
_

w i,o - x -

- N -

_o 't

g 0 8 - N -

! 0.6 - -

E
- N _

N
* 0 9 - +

o -
_

l. -

0.2 -

I I I I I I I I I I I I I I
0.0

O 5 0 10 015 e c e 5 G O G 5 0+ 0 0+ 5 G O G 5 G O G 5 0 0 07 5 0

L oc.6 0.- . . t y C k g / en )

Fig. 10 0a..*w ..*-.bi.o- 'o- g

. c o --'- g o. - . e t o m. t . , fo-
'

.... .. ... set -

4T e
r... p... 4e

2 0 j iiiiiiiiiiiiiiiiiijiiiiiiiiiiiiiijiii>|iiiiiiii>|iiii_
~

1 8 -m

o io1.6 - a
a _ / -

-

c 1 4 -

-
o -

k 1.2 -
i

~

_a
-

N _ |

x
W I.0 \ --

-

-
~ \

- i

-

< 0.8 'w
- 4

-
'

i

j - K
--

! 0.6 - N
- I

t _ x
" 0.9 -

-
'

o -

O.2 - T
' '

0.0

O 50 100 150 200 250 300 350 400 950 500 550

c..., o.-..., c.,-a> |
0.-.... ....-.s_,..- .-.-y,g, 11

90010242. . . - - . , ..-.... ... . .'

; .,7 g gm se1, -..., .. ... -

43



T.. t p..,i 4s

2.0 u nio n;n nin n;noin n;o nio up o qinij n oin nion;n nio nio nio n

I.8 - -,- m a

/ \ 2 -

P= 268.2 _
I

_ _

D ) 1.6 _

y _ = 0.7334 -

c 1.4 - -

? - _

k 1.2 - ( -

*

!
-

s
-

W l.0 -

.
_ \q \

-

_
_

E O 8 - -

3
_ _

| 0 6 - -

g _ _

| 0 4 - N

8
~

*

O 2 - -

' ' I I I ' I ' ' I ' I I I0.0 i

0 50 100 150 200 250 300 350 400 ,

1
25 75 125 175 225 27 325 375 425 |Ckg/m%)L oc al D n..t v

Fj , 13 D ene.tw o.. t e .bu t .on fromg
. c o n n.n g o.nsetom.t.r. doe

tg |ss:t..i . . - . . . . -

. 1

r..t Po.n t 48
|

2 0 '

_ iiiiiiiii ;iiiiiii;iii;i;iiiiiii _i

i e - -n

a _

0= 182.1 - I

_

1.6 -

,

v -
3= 0.8217 -

c 1.4 - -

9 _ _

k 1.2 - -

, - -

W t,o - A -

- N -

0 8 - N, - !

~

0 6 - N -: N.

E
- N

? O 4 - -'

.8
-

|
'

O 2 - -

,

' ' I I0.0 |

O O 40 80 120 160 200 240 280 320
$ 1'

(,,/ 20 60 100 140 180 224) 260 300 340
L ac e Den .. t v C h g /m

Fig. 13 D.n . t w o..*-. bet.on <-o-

. . < ' g* p . c o n n.n g o nsitometer. sor
,

> I .a \*' t..t ..r... . 581

90010243
.

47
. - _ _ _ _ _ - _ _ _ - _ _ - _ - - - _ _ _ _ _ _ - _



T... p..-. 4s

2.0 iinio njiiii inijoiiiiiiigniii.injinijiii, i n i|iiii j i n ii n i g
-

i e -n

a

a= 154 /
-

c 1.4 -

-

o -

E 1 2 - .
-

_

-.
_

W l.0 - N
-

}
_

N
~

-

O e -

o _

.
_

-

! 0.6 -

E
- %

-

! 0.4 -

o
_

O.2 - 7'

I ' ' ' ' '
0.0

O 25 50 75 100125150175200225250275300325350

L ac ei D.a .. t w Ckg/m J

Fig. 14 0.a .. t v o..*bei.e <ro-

.c o na.a g a. a . t o m. t .c . doe

hse1 _..., . . . . . _

4e P e
T..t Po.n t 85 6

2.0 u n| u n j uii;i n i;i n ij n n o n g o n in o j n u j o n g in iji n i|u n iinin o_

l.6 5= 726.7
-

-^

-

a= 0.2725
-

1.6
-

-
.

-

v - p
-

c 1.4 - <
.i _o _

'
-

k, 1 2 -

_

_

W l 0 -
-

t -

_

0.8 - t
~

0.6
-

-

p _ 3-

? O 4 -
*

_

,o _

o2 - T'
,

'
0 0

O 100 200 300 400 500 600 700 800

650 7505p)050 150 250 350 450
L oc oi Den..t v Ctg /m

Fig. 15 o.-.... ...*-bi.o- <-o-

90010244. . . - - . _ , ..-....-.... . ..'

teau100(
..

, , ** -- - sei -

48
. - _ _ _ _ - . - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - __



.--__ __ _

r... p . .- . w

2.0 iiiijiiiiiiiii;iiii;i iiiiiiiiiiiiiiiiiii[iiiiiiiiiiiiiiiiiii_
_

l.8 -
--

^

2 _ D= 577.9

(^) ) 1 6 _ = 0.4217 / _-

'Q v -
-

c 1 4 -
-

o _ c -

_k, 1.2 -

_, _

W 1 0 - '

_

\_- 0 8
.

! O G - \-
0.4 - S~

c

_o _
-

L
9 g -

0 0

0 50 100150200250300350400450500550600650

L oc al o.n .. t v C k g / m '9 3

Fig. 16 g,,,,,, ,,,,,,s,,,_ , , , ,

.c o mmin g d.m .i t o m. t z e , for

....... .. ... . .

O KsM 3;IK
T..t Po n t S8

2.0 iiiijiiiiiiiii;iiii iii;ii,ij,iiigiiii;iii, iiiiiiii i

1.8 - -n

2 - Da 458.6 -
,

1 6 - = 0.5422
u _ _

-

c 1.4 -

_9 _

k,
- _

1 2 - I

_

W l.0 - -

4 5 0 ('.fl o
-

-

~'
c 0
? _

,.

! O 6 - * i

_

E.
_

x
x

)? O 4 - -

2
- -

|
'

O 2- -

~

0 0 -
l I | | | | | | | |

~

0 50 100 150 200 250 300 350 400 450 500 550-

(sv)
,

' 0 f l)l):E' ' '1

Fig. 17 t oc oi o.-..., c=g 8
3

o.e..., .....b..o- 4..

. c o --. g o.-...o-.i.. . 4.-

90010245se1.... ...... _ -

49



_

r... P . .- i es

2 0 _iiii;iiii siiijiiiijiiiijiiiiiiiiiiiiiijiiiijiisi

1.8 -
-

n

(t _
_

h65 -

'

G

c 1 4 -
-

o -
-

k, 1.2 -
-

_
- .

U l.0 -
-

_
_

_E 0.8 -
-

9 _

! O 6 - N -

g -
-

? 0.4 -
-

o _
-

'
O 2 -

-

0.0

0 50 100 150 200 250 300 350 400 450 500

L .c el D .a .. t y C & g /. 3q
. . . . . . . . . . . . . . . - . . .

. . . - - . - , .. .......... ...

681t..t ...... * *

O( l

90010246

i

O
u-

50



t..t oo .- t se
2.0 u nj u o jio ijio r p oip u pio j o n j o u j o u jiiiij u op o ip io p uij oi -

1.8 -

P= 5.0
~''(% p

(
~

a= 0.9977 -

1.6 -
~ ~

.

m - ~ , . - -

g'9 - ~= -

E - -

. .

* 1 2 - f, -

.*
- ,

-

,

W l.0 - N~ -

-
- -

e
c 0 8 -

]c
-

._.

.

! 0.6 - -
-

_

p _
q.

,
_

~ ' ~ ~ ~ ~ ~ -
,

" 0 9 - H
g ;

.

'

O 2 '- d
! ' I I"'0 0

0.0 1 0 2.0 3 0 9 0 5 0 6 0 7 0 8 0

0 5 1 5 2 5 3.5 4 5 5 5 6 5 7 5 ;4
L oc ei o.-.*, c9 n 2

Fiq. 19 O~='w a * * * b i o- '*o--

5 C O r '* *5 g Ge-atc.ve4ee 8o.

S H L'test ser se = =

i i
,7 . C <? - % k 1

i A
Toai Po <a i h 1 ah

* *'

,

2.0
. o , 7. o < ; pc.or j n uauguiumpua7,mm.,u c u.7..caqmmo.7aum,q ,m ,,7. , o ;pua c,po,; 7, u.,, opo...

,

I 8- -1'

3 L i
|

_ .- 1 iI 6 [- P: 9,1
_.

_
-

'~.
1

, 1

a= 0. 9935 '

4 '
-

1 4 - -<~'s -di
C N %__.

We

e i e -
_.

,

. - , ,

T

t.: 1 0 - *.''% l
-- J, .

< 0.8 -- .- t,0 1
,

.
-

,

'! d.6 - s''. s -i

y
.- ,

" ' "

- - - - . . . _ . ~ ~ ~ 3

[ 0 4 '
- 4

s .
.

' ' o,e --

.4

-N- A- A- i I '
0.0 - a-a-e ... L.-

( 0 1 2 3 4 5 6 7 8 9 1011 121314151617

"" N6650iUO9 ';~ "~''',~t 90010247
"

e w.. ae
,

_e-. 1 ..t. . . . . . , , .

. c O ~. 3 o e .. . tc,e,s. ..

test no- et . SH, .

51



|

r... po.-, 32

2.0-T
| j | [ | | | | |

i i 1 1 i > - - r- ' i

1.8 - -

a'
,

1_

f' A 11.6 __

p= 10.1.

.
~ ." -

a= 0.9931 ~ > '

< l.4 - r ~

~

.

. i e - [- -

.

. - -

U 1 0
_

]< ;= ---

)
-

-
1

0.8 -
~

~'

-40 6 -

%. <

4p _ s

0.4 - --= / ' -|,

c - _ _ _ - - -

,

*

O 2 -- -'

i i i

-
1

} | ^ 1 ~

! I .
'

O O ~ ^ ~ ' ~ " - - - -

0 2 4 6 8 10 12 14 16 18 20 |

-

4
L. o c o e O.-.t C*g m";y

{jp, }} O . ** . t y a..te b ,., 4 o - e c om

. c o - e- g o. - . t o m e t .* doe

o ggQe m.,.., . . ~ . . . .

O
T..t P o .- t 33

2 0
. "" '" 'l"" "' "i "" " "T '" " "T" " ' "T" '' "T "" 'T '" '" T "" " "f " " '" T " ' " "T " " "T" '" "'i " "' " T " " "" f " " ']-

.

1.8 -

ln
;

a *
~

.
___

-
-- |

I 6 . . .

p= 10.2.

" ..

_.J1.4 - a= 0.9931 -

o - %y6

- .-* 1.2 -

%}
-

. - -

~ -. 8a 1 0 -

,~ - 3 )
.

-

i

I O 8 -
-- io

_

g- .~l

1
.

.

! 0.6 -

e w_ . . 1

i 0.4 - ~ ~ ~ ~
i

,0 -
" 4

0 2 -- -!~

1 i 1 I I I i 1 ~ 1 "J' i -
.''

0.0 ~ ~ ' ~

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

-
<o..I o.-.., <., ,m

90010248o ,i e rin. 22 o.-... a.*-s-- o-,
. . . - . , o.-. ,om.... ...

mm..., ... .. . -

32 \
|



l
1

7... n .- , a .4o

2.O
ymiujuu.; o;uiu.uiguai.uiguouu;g.a.u,u;unu.u;unuuq.umni uuam o.u u; umonprio yonoujuu.a .pumg

1.8 -
- I

a

1 -

1.6 - D= 12.3 .' .J |

,

..

\ u - a= 0. 9911
' l |'J

l1.9 - ' 1-;

e 1.2 -

. J, |
0

_ -
.

4

, - m
k j'

b 1.O - D
- *.~ .-

C 'N*

c 0.8 -

0 >

,
-

L.. .<

! 0.6 - w..'' |

1.
<

*

E O 9 -
L .,.

-10
le q

~

0.2 7 -l
0 . 0 -- '

' ' ' 1 i , : : . Jl > 1 i i
,

i
'

.

O I 2 3 4 5 6 7 8 9 10 11 12 13 19 15 16

L oc SI o .a . t C*gy v- )

Firl. 23 o..,, o . . t, . . o - . . o m,

)
. c a -- 9 a.-.,o.e... 4 a. |

~ :.... . . . . . .

o
BR BiMM"

o
.... . - . _

2 0T j j | j j | 77 J i]~'i i i i i t i i

"
1 8 ~"

Q '~___._..1
1.6 - _ .m 1p= 15.1

.

, 1.9 -
a= 0.9884 ''> I"

'
o - - 4

e g e -
j-

-, _
4s ,

.m .

W l 0 - ' '

< 0 8 '~ <I> _j
a

b
',

,
i o

- g -4

g > e0 6 --

| 0 9 - ~ ~ ~ ~ " - ' - '

.O. I
.

-

0 2 -
*

.

O.0-I ~- --' - ' -

r.
( 0 2 9 6 8 10 12 19 16 18 20 22s
\

y [ '' 0:.1 [n",o'' t r! -
,, " ;3 ,- s . L oc e, o.-.,, .y

Fig. 24 0-"''s a''' 6~ ' " - '' -'

.ca-.g o.-.0,.... < < , .

90010249m...., . . . . . _

53
_ _ - - _ _ _ - - _ _ - - - _ _ _ _ _ _ _ _ _ _ _ -



r., na.-, aso

2.0
| ; | | j j j j Ti | i| '_i i 1 > i ii

I.8- -o

D= 19.0 -a s

1.6 - G= 0.9847 < i. -

.

,/ -v

i 1.4 - <[ 1
. -p.
e 1 2 - N-. --'

.

e - <. ,

iW l.0 - ~'

_
- "/= ,

= - h,
"C ~

c 0.8
.

_ .

:-
4

. ~

! 0.6 -
~*

f
,

f *
.

i 0.4 - '' 1
-

,

1

9,y -. a-

--"--^-'~j~

l 1 ! 1 : !
>

, .
'

0.0 '- --

0 2 4 6 8 10 12 14 16 18 20 22 24

Locon C.a. ', i.y m 7
"

Fi t:. 25 0.-.,, o . + o s o- <om
.co- g o.-.ic,m.e.c 4 c, .

%\99ss...., . . . . - .

og@
% O

-

, . . . . - . .-

2.0 iiiijiiiijii>>jiiiijr1 >|ii''lin |>> '!'']
1.8 --

--

-

d - D= 26.4 C- ~

I 6 -- a= 0.9776
a,

.

v -
w

s

1c 1.4 - >
e < -4

e 1.2 - s/.A ~~
-

p - 's
! W l.0 - ',

~

; _

<- 1

.

3
< 0.8 - s i

3
2 1

.

! O 6 -
'

1

, - u ~.~. .

1-7, O4 - *-
- - -

. . _ .

- -i.
1

0.2 - "~

~

| t i i - j'
.

0.0 --

0 5 10 15 20 25 30 35 40 45

'
90010250

...co. o.-.., <." ~

e4 e. 23 0.-.... . ..s,-- -

,y . c o -- , ..-. ........ ..

e, u,3 o m s...., . . . . _ .

54



-.-. . . . - - . - - _ - - . . - . . - - . . - -. ... . . . - _ --
.

T... p.,-. as
3' 2.O

o ongnainapuunn;n uniujuinun;nnin o;nnon.puu n nj onno rjonion nin,niponnupunn u_a

I- 1.8 -
-

a .

a !.6 - I d= 49.4 --

v - '

a= 0.9547
I . 1.4 -

[
. .
.

* l.2 - '
*

1
-

.
.

W l.0 -

?
- <

* i 0 8 -
-

D s

. ~
! 0.6 - N

-

g - *
.a,

.?, O.4 - N--.._____---..__._,J,I
'

O.2 - ~

O . 0 [- I : 1 ' i 1 1 '
'

I' ' '
- ' - - - ' - - - - -

0 10 20 30 40 50 60 70 80 90 100110120130
L .c ei D.- . t tag w. " )v

| Fiq. 27 D~='i a ' ' b ' o- u-

. e o ~. 9 ..-... ,..... .e.
, .... ... .. . . .

. ggg-

)
r.., p... se

; 2 . 0 - T-] j ijijijijijr ~ j | | ]1

1 !
) 1.8 -

1
,,

3 2

1.6 - . .r ' 6= 80.1 -1.

a= 0.9238 d
'

w - -

1.9 -
"'

.

c 1.2 ~
,

N| ? ^

| U l.0 -

{ 1
'

I . 1
e
4 0 8 -

% ~jN
i

- x

! 0.6 - '' . ',I-

t - N.
% ,

f 0 4 ~~ ~"-- ~~~_.._ ,j
,

.

0.2 ~ ''

O O '- ----- ' " ~ ~ ~ - ~~ ~ -

0 20 90 60 80 100 120 140 160 180 200 220

1- . c . . D..,, < . , , . >

(pt. yI L M.,,m r4a. 2a 0.-... . . . + . . - . . . , .

90010251. . - - , ..-...-.... ...

.... . . . . . se- _

|
, , . . . . _ _ . - - . - -- . . - - . . - . - .5 5- -. - - - - -



r... n.-< seo

2.0 i i i 1 i i i i iijiii ; j j i| | ; | i| j
_

1.8 - --n

85951.6 -- a
v - g,
( l 9 ~

/
0 - / d
e j,e - ,' -

.

e - -

U 1,o - -

.
_ s

*Ao
< 0 8 -

x
-

C
~'

. .

! O 6 - N'x _
-

,

p - a
i~.

O 4 - ''
- ._.i~?, _ .3

g g -_

" '
j~

| | 1 ~ i I | 1 i i . . iI

0.0

O 2 0 9 0 6 0 8 010 012 014 016 018 E O T 2 T 9 8 6 T 8 G 0 0

*2L oe o < o.-..., t.9 -

hFiq. 23 0-is o * * ' b i o- ' - = +

. f. d e' - eg O.es. tometer for

&,g O
sm.... . . . . . _ _

r... po.. 62

2.0 7 " i n " j " " "i" j " i n " " j i "" i " > |i " "" " j i " " "" j " i " " "|"i " "" | " ' "" h ""' " " | " ' "" " j " "Ji

1.8 -
~i

^

2 - p= 2,7 1
A o= 0.9999 ~11.6 %.

" ~ .]
1 9 - %

o - / I

e t,e -
"

e -

]

7 ~|W l 0
%

I 0.8 -

- ' ~l
o a' -1
.

~

! 0.6 - *

t - .' N ,y
! 0 4 - *' 1
0

_.

-
-

4

~

0 2 -
J

~

I ~ - ^ "l I I i I !

0 . 0 --

0 1 2 3 4 5 6 7 8 9 10 11 12

t oc oi o . - . + ., t.9
,>

;
. ;suu..

Fig. 30 0.-*. a.*b*o- <-o+
,

900102521 . . . - . , o.-.,o-.... .o.

~.... . . . . . _ _

\

| 55
- - - . - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ - - - _ _ - _ _ - . _



!
r... n .- 4 65o

2.O
i n u u n p u r n oipii n iuip io ni n p iin o n p u u n u p io n nipin ui"p "i""i ji""] f

i.8 -n

('' 1 -]-

!( . l.6- P= 4.6
,

, g,y _

g~~~~~ >
~

!u -

a= 0.9981
g ''>* --

*

e * 1 2 - ''- . \.

~I
, - .--

, A
/ '

W 1.O C_ i
* _

* j4
\C Y -.k( 0 8 ''

N !*
- % __ '

$ 0 6 - "~

y - m.- 1
~ .

? O.9 ~
- - - - ~

. _ _ _ 4~~

0
- - -

. _ . .. j
'

i~

0.2 -
~

\

dl i ^
!

--- ~I i
^

! I
c 0.O

0 1 2 3 4 5 6 7 8 9 10

L oc si o . . e ., c.y ...,2

Fig. 31 o . - i ,, o . - b a o- .o+

.ca-.eg a . e. s sn er. o + u * 4 o*

s.
|

g.... ... .. - -

D

D -%

r... p.-. .

2 . O
{mumjounmpuiumpioinupunaupuimojou m opmmujoionu;"u mupaioury"mo'p""u"jum _

1.8 -n
~

Q -

% -

v -
%_.-1.6 _

.

_ p= 7.5

a= 0.9952
~

.

i !.4 - %
1e

4.
4

i
1 2 . l-

y 1.0 -

N.
__

~?
-

N ~

I O.8 --

O
-

' j

) 0.6 ' ,

]- . . , ,r

7 O4 ' - - '-~....'~'~"10
'M

i'

O.2 ~4
~

,
~ ~ ~ -~~ ' - ~ ~ ~j0 . 0 -- J ~i ~i ' i l 1! i '

0 1 2 3 9 5 6 7 8 9 10 11 12 13 14
'a r i . .
i i.; ! i . l. .i

'

.ac...i 0.-.., <., >

MSO100V no. 32 o-. e~ ""~

90010253. . . - . . . . , ..-. ......... ..

f..# ..e .. * () h a *

57



1

)
Test P.... 45

2.O moiu7 auu n p u uuu jouioujuaim pai nopa iaup a u. apoaa >7+ ".7 m"a g. ""m y s u". t">"" t;i * y""" "j """ _

1.8 -
- |

a'' - 0= 9.4 -
'

a= 0.9939 -l.6 - j.

u - y
-'

1.4 - N
,

~

- -

e 1.2 -

< .

1
?

- %._ .
~

W l 0 -

3
- - .

g 0 8 - q _

1 --

! 0.6 -

j,

t - y
i 0.4 - -

- - - - --
.

.o -

O.2 - 1''

0.0
l ! l I l | I l 1 l I i < ! 1._..d~

*

0 1 2 3 4 5 6 7 8 9 1011121314151617
he.

Loc.' D .- . t Cay -~~~) v
v

hFig. 33 o .- . i , a..b..- <o-
9 W

. c e -- 9 o.-...o-..., ..

gss2 -.... . . . . .

9

r... no-, . c,

2 . 0 r- j j j ; j ; ji i i i i i i

I 8 -

1''

- 16 _ ' - ~% B = 11.4 1
a = 0.9929 _ y.x a1i s _ x.

o - ,#' ]
,

,

e i.e - N .~' H
. - q
W l,o - q

.s

a ,

( 0.8 ~~ < 'N. 1-
o

~ . _ _ ' ~ " " l.

! O 6 - -

.
e

- - - _ . _ _ _

0.4 - '-
_ 1*

.

*
.

,o
i

O 2 - i'

~

I
^ ' - - - " - -

0 0
^ I i'

0 2 4 6 8 10 12 19 16 18

L oc e, e..,, c.y , " .

3 90010254e4 . 3c o.-.,, . . . . s_,o- ..o.
,o; n-, .<--y o.-...-... ...

~ s
m.... . . . . . . _

58
__ ._ - _________ _ ________________



7..i m..-4 -e
2.0 _ i;i;i| | | | j j | >|

_

> 1 > > > > i >

1.8 - -a

/-s) 2 -

5;.42 ~

t %
1.6 #- a= 0.9975

~
.

v -

c 1.9 -

./
- - '

0 -

..,_ g

; )
-

"
3,p 3

a g,o - 's,' s,,
! ~

-

-

.
- * -'.

*
} : % ~ ,. ;
g -

<% d
' O6 -

*
% $

i 0.4 - '
,, _

" -- .- . _ -- . -_.. j
__ ..

~

0.2 -

~

-" d |0.O ^ I ^ ^ ! ! ll ! I i
^ -" - - - - -

<

0 2 4 6 8 10 12 14 16 18 20 22 24

L oc ni o . - . i ., c., ,. " ;
Fig. 35 0 . . i ,, ..*.b,eo- < o e.

... _ , ..-...._.... ..

..... .. .. . .m

dr... p. .e 4 .s e
2 0

_

j ; ; i;i ; ; j { [ j | jii i
_

> i i . i i > i
'

1 8 -

1
-

1 ^L D= 4.8
1.6 -N a= 0.9969 - " .

l
.

>
1,..

[ x) -.
!

3

-#e 1.2 ~l |3

f - , - 1

'J ! O 6 t
_~% .

s s
'

l
6 0.8 -

s
'

| N_ I

! O E -~ ' -x, ~1

p. ._ 4
,

| 0 4 ~ '-
---

- _ _
-

. ,',
,

O 2 '- ''

''
" ~~ji . ;

.
< t .

- " - " - ^ - - - '0.0-"---^'-"~~^-~~--

["%} '
,

O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 I

'N J

m si < a|v 1- ,. . . . . v.-.., .., ,.

90010255 |Ar%0 ! 000 Fig. M D"~'''' " ' ' ' ' ' " - -

. < - - , . . . . . , . . . . . .

_b b ei..' ..F .6 * *

59
_ _ - _ _ _ _ - _ _ _ _ _ - - _ _ - - _ _ _ _



Teee Ao.a t SO

2.0 iji;i;ijijr | j j iji| Ii!t Iiji|
_

i i 1

1.6 -

D= 7.7
"

~7> a= 0.9941 --

i 1.4
0 N -

1 2 ~ ag

!
-

N ,

W l.0 - g ]
0 e - 2 Ji

^

o N -)

'. 0.6 - '
iu

f - N 1

E O.4 -
'

--

--.__. _
'*

~

0 _

-

9 y - .;~

-'-' d
~

l l I ! l I l I
'

' ^ " - ^ - ^
0 0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

L oc eb o .a . t (, a g ee >9

fj }J C .a . t 0 .te but.oa d e c er-9

s c o n e- ng o.a. tore..ee 8ce

ssat..e . . . . - -

om o 9-
-

9 9
7..t p .- t si

Pf1 gj i f -

,m _
- - #

2.O
_

ji;i i;ijijiii ji i i

l 8 - -^

2 -
,

I 6 - 4 ,% _p= 8.4 4
.

. - 'y
a= 0.9941 Q3*9 _ g' Wi i

~

1
e 1 2 -

f -

.

N

b 1.0 -- N) -I
. -

-

/s
-e

< 0.8 -

s.

| - x__ 4

! 0.6 '-

3
4

f ~

d_-_~'~~...__..._. --i 0 4 -

,

0 -
-

O 2 - -1
'

l-- j
0 0

- 1 I i i
'

1 1 ' - '-'

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

t_ oc e i o..t, c.3 *; '

n S' ,3 o.-..t, o.t. s_t o- ..o,

90010256 i
~

soiuw ,Ce- e o.-.to ,.... .o.
mt..e . . - . . . ,-

1

60



_ _ _ _ _ _ _ _ _ _ _ .

r... no-. or
2 0 TTTTT'' ' i " ' ' I " " P " ' I ' " ' I ' " ' l ' ' " l " " I " " I ' " ' I ' " "T"FFl

l 8 - _4~

2(m
. 1.6 --

D= 13.3
~

m

\
o - ,f' " a= 0.9892

_
i 1.4 ~~

N.o
. .> 4

o 1.2 -
g ,

a.
4

e - 'r a

W l 0 - 4 _;
j~ >

? O 8 -
d

,'

4't
- !

; O 6 -- ' ~ . ~ i.,
s.a

.
-

? O 4 ~ ~- ,

2 -

~ ~
- - -

--- .

0 2 ~
.

0 0 -- -- -" ~ ^ ^ ~ ~ ~ ' '

O O 5 0 10 0 15.0 20 0 25 0 30 0 35 0 40 0
2.5 7 5 12 5 17 5 22 5

21 ).
5 32 5 37 5

t_ o c e , o . - . ., :.9 m

p $ ,y . , o. o.-.., o...se, o- . - > -.,

.ea-- , a.....a.,... .o.

.... ..- .. - ss. -

1

,)
r... no-, u s, D '9

'

%
' '

m 9

2.O_i R I\ m
.

;i;i;i;i;i;i ; ; a Se 7 m- ,~ , 7-
. t4 > i ..

I 8 -'

1 -

1 6 -
i

v - s
- d'*
p= 16.7-

c !.4 - < a
a= 0.9867

: -H .

r

1 2 ~ i ao
~

W I O - m' -

. -

# d.c
1,

t oe -

~.;% d
,

O

0.6 -
~~~. l

3. '
g - '

,

. ay 9 9 .- '

e -
~ ~ __ , )

O 2 - 4'

j
.

0 0" '- ' ' ^ -- '

" - - * - - " -
!

- - ~ ' - -

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
\

t.oce, o..,, ..y ,. ,"

g4 . e o.-... ....m..- ..m,'9
._ - ; i 90010257' ) L _.i ;j. };., 7 ,, y s ,}o,i . . . - - , . . - . . . - . . . . .is.-.

m' i. -, ..., . . . .. - w- -

51



_ - _ _

Tee, P o .a . S4

8 iii|1 || giI ii|3 |1 |1 |3 |3 'II 3 'iiI iI I i iI 1 I 1 I 3 I I I i
1

1.8 - ~1n

2 - 1

1.6 -

b= 25.8 [
v ~ I a= 0.9779 ~

.

g q _ (,

0 ( ~

' ~

e 1 2 -

/ ,
*

.

W 1 0- ( ~

'Ae
< 0.8 -

'7- _o
- .'

! 0.6 - ,N, -i
*

f %.' 1
oy 1e _ _ .

" -
9'

i
"-

0 2
}~

i ,

| | i i i i

0 0

0 5 10 15 20 25 30 35 90 95 50

L oc o. o.-.,y c.y -, 2

fa.-.., a..s.,e- * a ,.

Fig. 41 .co-,y 0.-. .o ,.... .a, 9
( Dess.... . . , . . . -

r... no.-, e c,

2.O ou nojunuia jo u"iupu uuo ju u oi upu u nojo""otiuoaijou o u t'"""to"''"j""""'l"i"""I '"

1.8 -
-

|n

2
-

'

._ l
t.6 - p _ 1.1

,

a= 1.0005u -
.

i 1.9 - E
o _ 1,
-

e 1.2 - 1
-.

U l.0 - N
_

- 1

I 0.8 -
~

0 w - ., _ s' ~j.

! O 6 - N_ i

E d', '

~]
'~ ~ ~ ~ - '

? O 4 7
- --

- _ . . _ _ _ ,

~0
f 1

'

O 2 7 |
'

r i 1 i ' ! I i . i

O.0-''-~
~ 1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 19 i
i
i

,,>
|m o. o.-.,, .y

0.-..., ....s_,o- ..o,.

c;u HW: '~
9 -;' 90010258r4 . 42 -, --

.

m_..., ... .. - _

S2

- - _ _ _ _ _ - .-_



i

:

r... p o .- , s~
2.0 iji| j ji| | | | j j | 'l i | '| 'I'_

i i i r i > i '
_

1.8 -n

1.6 --

D= 5.5
~

v
4 0= 0.9960 |

14! N - |

<

/- e 1.2 - ~

! % ~

c 0.8 - '(m
-W l.0

-

a
/ ~~

*
- g -

|
,

! O 6 - 's -'

E N 4

! 0.4 - - - _ _ _ ' ~ ' ' ~ ~
- - ~1

i

o _ . _ . _ _ ,
4'

I~

0 2 -

1

0.O ^ - ~ ~ ^'~

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

L oc ai C.a. t 06g3 er e

C.a.,3 04rbs, om 'eom
Fig. 43

, , , , , , , , ,,,, ,, ,,,,, ,,,

<.., . . - . . - ss; -

D{{D }
r... po.- e se

2 0 mj ,r
; ,ji,ii ,,, ;,;,,,,,,,,,,,, ,,,,, _, ,

1 8
)

1 6g " '
-

,-
5= 9.5

~

-

g y a= 0.9920,,

.
*

1 2! -

r
,

* *
. _

1 00 <
1

-

L >

C I _4

0 3[ --,

r .. -
' |i 0 6[ -

,
. . .

I N.
''

- ~ _ _ _ _ . . _ _ _ _ - _ _ . - -
0 4 |,

a ,
~

|0 2 - \

--I - - - - L ' ' '0 0 -- ^

O O 5 10 15 00 25 30 35 40 45 50\s
u - ,. v.-.., e., ,

90010259n.x o._.,, ....s,o- ..._o
al%iQ (,@W

.

. . - . , o.-. ,0 .... .o.

..., . . - . . . _ sso -

t

i O



. - - _ _ _

r... po.... os
2.O ro i j n Trn i i i n i p n i p n i p n i o o p i i i j n TTyr u r [ n r rT"' ' U ' ' ' r " ' U ' '

~

I 8 -
'

, -

' - > p )1 0
/1'6 -

,/ u= 0.9904 _
'

k.k ~

I
0 -

%~ ,

* '' -
.

1 2 -

.-
3

-
1

W l 0 - 'N] --

H
-

se
< 0.8 - 'y

-*
- 4

f. 0.6 - N' %
..

~

E
-

~~ 1
! O 4 -

'-

-"

,0 -

~

0.2 -

'
'

0 0
~

0.0 5.0 10 0 15.0 20.0 25 0 30 0 35.0 40 0
.5 32 5 37 52.5 7.5 12.5 17.5 22.5 2'(3Locei o.-..y .,

-

C .- . . t y o.ee bo,.oa 8eo-

Fig. 45 .co---g .. ... .... . ,o,

sep.... ..c .. - -

@ G
r... o-, c.c

2 0 ui>}iiiijiiiijrivi|ii;iji>>>jiiiijiirrjirrijiriijirTr|'t'i]miiri'']
1.8 -

_
~~1n

2 p= 20.2 1,

# a= 0.9820 -j1.6 --

,-.

- -

.N -*

g y -

,

* 1

~~ l
.

* 1 2 -
,

1
? {

,

1u 1 0 - %
~

-

~ie
c 0.8 -

A.%. -40
-

1
i

. '

t 0 6 -

s .

'g '

' *

i 0 9 - *-
-- _ _ _ _ _ _ . _ . _,

*
4

~ 0.2 *

O.0 -
- ^ - - - ~ - - - ~~~ ' ~ ' '

O 5 i O i5 e0 25 30 35 90 95 50 55 e0 e5 70
s

t. . . v.-.., <.,

i- :9
i

. te' o i o m; 0.-.,, . . . . m .o- ..o-

90010260rio. 4e .ce---, .....,o..... ..

s-, _..., . . . . . _

64



- _ . _ . . _ ._. . . _ _ .

v... a.-, et
1

2 . O g" " " " j u o m i n p " " " " p " " " " P " " " " I" ' " " " I' " " " " I' " " " " l" "' " I" " I
-,

k
~

'' y\
1.6 -

-
_ _.

P= 29.0 j
.

- -
f

< a = 0.9732
c 1.4 -

} J l

_,

0
*

1 ,5* '

* I.2 --

/ Y
4'

W l.0 - ' -4

*
- > <

f

0.8 - .

O
_

N
- .g

. ~

t 0.6 - ' ..

k -
s

.

n.
' O.9 ~ '

~ ~ ' - ' ~
-

..:
o .- ~

~

0.2 - .

i- , i j, . .

0.0 __ _ .

0 10 20 30 40 50 60 70 80 90 100

-s
t oc . c.-.., :.9 -- -

Fig. 47 C..,, e *e b ., * o- * * ' * -.
-

.e.aa .g so- s * ow a * u* 'u*

D **'' '*' "' *""~ ~

d
v... po.-, s2

2 0
u " + oj """> ug "" n oij ui u" " j u no "> j '"" "" j"""" t """' T "'"i"i"""" T " """I' """" j """' "I'" "" l'""""i" " |

l.8 -

~1
^

1 -

f d= 42.4
1

1.6 - ~'.

: 1 4 - a= 0.9603 iu -

0 -
1

4

e !.2 -

-; - |
~

1
W l.0 - %

s
_ \ 4

A
t 0 8 7 %'s0
.

! 0.6 -
~'

E -
'' N

N i
.

i 0.4 -

2 -
- - - [j

'

O.2 - !.

~

i 1 i i i i ! I 1 ! L.____...__g g

0 20 90 60 80 100 120 190 160
10 30 50 70 90

4>0
130 1501

o .c3 c.<. o . - . . . ., <.y

s,'gbg(b' 0.-.,, . .,~o- . . . . .

900 LO261rio. 48 ...-- , ..-. , _ .... ..

.... ... .. _ s. -

55
_ _ _ _ _ _ _



_ _ _ _ _ _ _ _

r.., noe, e .e

2.0 j ; ; j ; | j 17 | j
_

i 1 i i i i i i ',

2 I
^

*

1.6 -

P= 67.6. .

" G= 0.9354
I.4 -

t .

o - - .

_
, , , _

( ~

-

-

.*
~

\

L! !.0 - 1 1 -

,
- A J

'
E q.8 -

s
o

- N
0.6 _ N. d(

E
- x'. ;

1

; O 4 -

,..__

..~._ _ '''q
,0 - -4

*
- --

O.0 - --

i *- - _]
~

i i !
- ' - ~

0 20 40 60 80 100 120 140 160 180 200 220

L oc o' O.a..t c.y m"'3

Fiq. 49 0.-**v o ' b , o- '-o~-
E L O - '' g QS-S ,OTe9 97 8O'

e. s 2.... . . - . . . -

3 D
#''

D *t
'

}S v. od ~1dr.., p..-, se i

2 0
7unuguninojuiuoi7s ciopiouuy.aniujuuuoynionyumu ;uonuq,uuuap,. . uu.; ujou.ouj,oa pu :,.t

1.8 - -4n

2 - !

!.6 - --4
0 -

'-' 0= 37.5 j

c 1 9 - a= 0.9640 i
e - J
.

* 1 2 -

-i
. - . .;

I

tJ l.0 - 1
_

- -4

0.8 - 2 l
{
,

- s

! 0.6 - N
I ~

s. .

1 -

% __. ' '' - -| 0.4 _- -.-____.-4. ,

'

O.2 - *

'
0.0 ' " - - - -- - -

0 20 40 60 80 100 120 140 160
10 30 50 70 90 11Q 130 150 170

u_.. o.-.., <.s -

0.-.,, o...e_,- . . . , '.

90010262,

.c 4r 9 Fig. 50 . c o -- - a o. . ,o ,..... .o.'

O N, ,! Id *
,

ssa.... . . . . . _

65



r... n o .- . e-
1 i i i > > ' > ' '

i| | [7 j j | | j | j l2 0 i

-
1 8 - Ia

Q C= 47.0 1~ ,

1.6 - '/ a= 0.9544 ~i

]
.

v v

!.4 --

c -1
0 .

~!; 1.2 - #

\ .1
,

-

W l 0 }- ~

_

E 0.8 -

s

~

l,o
_ (

.

's ~1! 0.6 - -

'- <

y ..

' - - - . .
, 0 4 -

4,
. _ _ .

-0
-

m
~

0 2 -
|

0.O
~ - " - - ~ ~ ~ ~

0 20 40 60 80 100120140160180200220240260 ;

m )L_. o c S I 0.a . t C.g9

o .- . i , a.*b,o- -om

jFig. 51 .co-.-g o.-. ,om.... ,o,

ss,t .. . . - . . . -

<-'

D** ~T
'*

*

V 1.r... n-, os oo ao _,

I

_

2 0 .jrj i,,ji ;,ji; ; , ; ; ; t 7 i ; r7 7qi

i

1.8 - -1'

1
E= 60.4 i'

a= 0.9409 l. 1 6 '- '

,7 ,_

1 4 ~~ ;

c _ t
.

.

C } g -- G -N

. -s
-

~'J l 0 - A
, ..

e 4 j; O 8 x
.-

.

t 0 6 - '- '

..

i *

0 4 -- ~ ~ ~ ~ ' ' ~ - - -.
e *

_ .

o _. ,
. .

0 2 -- ,-

2- " "i i i i ,

* - - - ' - * - "
i I

' ~ - - " - - " - - -

0.0

A 0 40 80 120 160 200 240 280 320

20 60 100 140 180 220,: 260 300 340
<_o<e. o.-.,, ;., m

i Co**t o . ' " t' w ' o^ 'oep .l f q) w

em, . 52
. ,, ,7. > , o. ; , , . 90010263- ._, ..-. . _ .... .o.
,

s ..- . u .... . . , . . . .

67

_ _ _



n.-. ceT... o

2.O iiijiiiijiiiiniiijiiiijiiiijimjiirijriiijiiiijiiiijmijiiiij<ii,iii:
_

1.8 -
-

,,

2 -
-

I'6 ~ p- 72.1
~

;
! a= 0.9292

c 1 4 -

< -,
o - ) 4

e i.2 - -l -

, .. 4

u : o - -1

- 4

; O 8 -

\ --ie
x t0

- x 1
.

j! 0.6 - '

s''
~_

_

-.

. - - -
~

1

{ 0 4 -
-*

a

*
_ 4o

|
'

O 2 - 1
-

i i i
. . 1

0 0" - i i
I

0 2 5 5 0 7 510 012 515 017 2 0 T 2 T 5 T 7 53 0 G 2 53 5 G 7 5

,. " 3L oc . o.-.,, t.y

.
a.-., o... w . e,- ..a.,.

Fla. 53 -h. c a -- g o.-..o ,...., ..

9ssas... . . - . . . .

O

Dh%
7.s 4 Po-1 'O

2 0 iiiiiiiijiiiij rij1 ijiriijii iji>iii r1 iiiii v

g,g -
-4

.,

J3 _

J Ei= 87.9 i1.6 -

.

'.
- [ a= 0.9133 1

- - '

1.4 - <c
O ,. ,

.

.

n a
c n,e
_e

- N

W j 0 - -j
6

~

jse
( 0.8 - s ,

'J
s

! 0.6 - N .. 1 i
4

r - ~ ~ ~
< *

i 0 4 - ''''- -
-- . . . _

-- .a
e

|
~

0 2 ~
*

0 . 0 - -^ A ' ~~'" * - - ~ ~ - ' '

1

0 50 100 150 200 250 300 350 400 450 500

O;-
L oc o > c.-.,, c.9 .. ;

90010264 iD."*'s o''''io^ ' "-,. Fig. 54
q.. v () i b, u, ,

,..).;. g , s' sea-a 9 o-'or.'- 'o-
|

|s8st .t . . . . . .

|

38



__

' r... no.-. ~1
2.0 r ivi iiii;1 iiijiiir rij iiiijiiii;1 iiijri,i[1i i ,1-

3,g -
-

n

Q -

, _

/1.6 7 p = 102.8
~~

,

= 0.8983<

, g,y q
C

_

4*
Ic 1.2 -

1
.

I

W I.0 -
\ i( ;

' f O.8 -- \0 N
.

. '
1

! 0.6 - N d

p _ w~s'%x ,

e 0 4 -

-(
1. _ . . _o .

- ...
,

- oe |.

l I I
- 1- - I- - - -0 0

0 50 100 150 200 250 300 350 900 950 500
~

L oc e, o.-.,, c.g ")-

Fig. 55 0. . * w a.*b+o- -o+

. c o n e. ng o.n, vom.... 4 o,

+..+ . . . . . us. .

D 0

d} }U
D

v 6 -

T... po.-* 73
2 0 r- i jijijiji;iji | ; i ; i j , j g r7 i ; p-i 1

I
1 8 *--

2 -
1

.n

|
4

.

1*6 - d; 5 = 52.3 j

c 1 9 - 0= 0.9490 t
-4

jo
- u

,

e
1 2 -

H<

f
-

k 4
U i 0 - < M

i
-

-1I 0.8 -

\ dD

A
i.

! O 6 - N._ 1t - N ~~ i
* i o9 'N~ .

'
_- . _ _ _ _ - ~

_ . . . _ ,-4e

oe - ]
'

O.0 - I l- - - - - ' - - ' -

0 90 80 120 160 200 240 280 320

(nD) 20 60 100 140 180 2 2 0,? 260 300 340
L oc ai 0.- . t Cag my

^
o.... o...s_,o- .. ~

;)g ({} } ij()(y Fig. 56 90010265,c,__.,, ,,,.,,, ,,,,, ,,,

i... . . . . . s s ,- .

,.. .n.
.Y s J .] \ 59

_



._
. _ _ _ _

n.-, 74r.., o

2.0 -

1 ijii1 i;iiii;iiii;iiii;iiiijiinjii>i i i

(-

p= 70.4 $1.8 -

g''

--{!
" *

- ]1.6.

v ;
~

e 1.4 -{
-~"

1
.

-
-e 1 2 -

. -
-

'
W l 0 -

~

-
-.

f 0 8 - \
1'

0
- s

.

! O 6 - N -t

E
- '~-%. I

~i, _
~~~~-.----__".10 4 -

,

9 y -
.j-

l - ~ ' '--"0 0

0 50 100 150 200 250 300 350 400 450

"3 -L oc a, o . , . . ., t.y

j*' D % D
' 3 q ,)-

,, ,.

o.e.-i, a..,L.o- .,o,. -

~\ La
. J6 6 -|Fiq. 57 . c a ~- 9 a.-...o-..., . . .

ss;.... . . - . . _ -

r... p o .- . 7b
-

2.O iiii|i iijiiiijiiii|iiiijiisr |>isijiiiijiiiiji'i1 |i
i

_

1.8 - H''

2 - p = 80.8 i
= 0.9203 -j1.6 - a

.

v - -1
i

c 1.4 -

1
o

- 1 ~J
8

-

e 1.2 , ,

?
~

1
W l 0 - -j
.

- 1
6 0 8 - A Ho

\
Jo

_ s i.

! 0.6 - 'N i
3

- ~ ~ . _ .

O.4 - ' ' ~ ~ ~ - -

-

_ . 1,
'

,I, _

~

0.2 - *

"~~---*---]
'

'

i ^ ' "-O.0
'

l I 1 I
"

0 50 100 150 200 250 300 350 400 450 500 550
|

*)i L oc a' O . - . t ,, C.y -

o.-.<, a.<,.s,c- ..o,.

m 0 t o m.1 rin. sa
~- ,.

900102.66.c,.,_., --- -

ss-..., . . - . . _ _

70



n.-, 76r.., o

2.O iiijiii1 jiiiijiiiijriiijiii>|>ii.ja ir]iii1 ;it ii;i i _
-

1.8 -

]'
'

h 3
r> = 88. 5,

i

( ,/ 1.6 / u 0.9124 1=

v -

; -]
1.4 - i. "

0 _ i .

'' e 1 2 -

,, -

U 1 0 -

7.4~

j' '
0 8 s

4s*
f

i 0.6 - N 1
t

- ~ ~ _ . ' a
,

!
' O 4 - ' ' ~ -

~1_.._ _._"

.-
-

^*0 $

. ' -i
9 g

3 ' - "~~ ~ ~ ~ ^ ~ ~" ~0 0

0 50 100 150 200 250 300 350 400 450 500 550
~

L oc oi O.-., c.y 'a-

, o .- . . i a.,b.io- .o+sF10. 59
.co g a.a. +ow.+- *o-

o ' , BqR
. . , .~. . ..

- s s .?D - -

77r.., po-, i

2.O _aiiiji>>> ii>>|,1 ,,iii,1 ii>>jirii71, j;11 17,i;i 1 ;>rirr

1 8 -

-4
,

1 ~

e - = 103.8 1

.

1 6 - '
0.8970 1

. u
( i

-

c 1 4 -
' -4

0
-.

,* 1 2 4 1
. -

3 2
U 1 0 - \ -

_
'

4
0 % ); O 8 -

x -1
.

- . >

k 0 6 -

t - N_.'ww .

I, O.4 - ' ~ '
-

- . _ _ .
4

-.
_

~
.

4

r
~

0 2 - <
,

.

i I ! I '

0 0 ---

0 50 100150200250300350400450500550600-)x

.n...t. J,C< . , .
-c a. ei o..., <.y - >'

90010267o._.,, a.,,m,o- ..o-

.A,;;C010tiiR) Fig. 60
,,,,__g ,,_. ,, ,,,,, ,,.

,

t..e ..e .. . ss;.

71



Test Point 79
2 0 _""|1'ijo"piop">|""i""I""l""I"'l"'l""i'"I""l'"!'"I''_
1 8 -

-4

d
n

2 -

[
~~

p = 43.7
1.6 - u = 0.9577.

v -

l.4 -

$<
0 ,

-[
~

e 1 2
. -

.,

u 1.0 - d
-.

-

? O 8 - \
_

-

C

e ~

! O 6 - '
E '-

O 4 - __~~~-~~~~~-.;*
J! _ 1

'

O 2 -
4'
'

0 0_i | [ l ! i | ! l i t ! _ ___ . . _1_j_
.

,

0 50 100 150 200 250 300 350 400

375 425274>32525 75 125 175 225
u .< a . o.- s ,, c.s m

o .- e. 3 as,..s.,o- <o,.

Fiq. 61
,,,___y ,,_, ,, ,,,,, ,,,

ssa,es, s o, .. s . -

D**D "D'T 6
80 oo o - - "r.,, no,

2 0
i 1j iiirjiisiji'iil'i'iji''li'i'l''''l';'I''''l''''l'''}

1 e -

]
.,

I ~

' = 69.7 .) I1 6 - '
1= 0.9316 1* ~ a

..
I 9 - .J

U 1.- t i,
4a 1.2 -4 _;

. -

W l 0 -
g

_ g _

? 0.8 - \
D

~ N ! .|
N

1
.

N ); O 6 7 I

t 'm
i 0 4 - ~

---
~

_
,c. -

.

0 2 -

l _

1 i L i i _i.
'

.._-__.___i'
.

0 50 100150200250300350400450500550600 i

} .'r"i "i.ke !\ L oc oi Cea e t

e
,

~g ?,) I. 4, ( f .;
3 C*g m

68{j gg D ea s 4 o s ie b4 oa 8eom3

scena eg a.as.'ome'ee 80'

SH2test ser es * =

79
._ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - . - - - _



T... P..-, 81

2.0n>>|riiijiiiijiiiijiiiijiiiijiriij'ir7 |i m
_

iiii iiii iir i

g,e - -,,

2 p = 78.1 -*
,

\ 1.6 - u = 0.9231 --

.

La *

(
o

1
.

-

Jo 1 2 -

Je -

'a 1.0 - ~'
.

. .. s q
e \ i( 0 8- x -

o
4

.
.

! O 6 - 'N 1

0 4 -- ' ' ~ ~ ~ . _ _ _ _ _ _ ' ~ ' 'i ^

e
--

- ]~ ~ ~ ~ - -

,o -

,

-

0 2 --

1

i i ' ! - ^ '~' dO.0 ' I ' " * - " ~ ~ ~ - ~ '1

O 50 100150200250300350400450500550600

't .<o. o.-., c.3 - >

C.a. . . , o.trbo, a- *-om

. C O r' ** ** g O ge .i . ' O - . 0 na ' Iue

1; s ...... . . - .. . -

M*
*[)'3~{frL=

gYL [)

11r... . - . n
2 0 m 7 Ti jiiii jiii>|riiijiiiij,1 ; ga rtp rr7m r7niiii 1 : i i

I 8 -

-~ 1
'

2
, D = 9 3.1 1

1 6 - / a 0.9079 --1
, - / .

, s _ -,

i
c -O

e -

1

W l 0 -- 'I
_ s

\e
( 0 8 -

s
0

.
- ,

,

L .- %. -b

> ~ ..

O 9 -

~.
_'~

.

,i - . ' .
~-

.

0 2 4
.

O O -- -~- - " ^
! r

' ], , ! i
' .

~ - ^ - - ~ ~ - "~'-- '

O 50 100150200250300350400450500550600650

i ...<ei o.-.,, 14 mnd.g,il.y-auu.,e-
l

90010269a ea
.

o.-.., . ..m,_- . . . , -

Fiq. 64
.<e-, ..-. ..-.... ..

.... . . . .. . ~ .

73
_



Toot Po.n t 31

2.O n u n u juonnijininin p u niniji n n u n juin u n junin n jin n u n join n n ju nn ui

1.8 -
-

a

a _
-

-

1.6 -

p = 4,7 _

c 1.4 -
a = 0.9978 -

o _
-

.
-* 1.2 -

.

. _
_

W l.0 -
--

_
-

_? O 8 -
-

'

a
_

-

;

| 0.6 -
-

E
-

-

! 0.4 - s
-

o _
-

Z
9g _

_

'
0 0

O 1 2 3 4 5 6 7 8 9 10

L oc al Don e.t w Ckg/m9)
O.-..t, . . 4 - . s . i . .- <-om D** 3'*

Fin. 65 e.,,,,, o e ,, , , t o ,,, e t e , , ,,,

-
- '** *seato.4 . . . . . -

O
Tes t Poin t 32

2 0 jouun ju nninj ninun ju nunijoiun uj nnoin; nun nipun no un nu
\

1.8 -
-

n

(t _
-

\
> 1 6 -

p = 62.
-

-

" - a = 0.9978
-

c 1.4 -

o -
-

.
-

a 1 2 -

, _
-

W l 0 -
--

_
-

_! 0 8 -
-

| _
-

! 0.6 -
-

E
-

-
.

| 0.4 -
-

o .
-

'
O.2 -

-

.

' ' ' ' ' ' I
0.0

O 1 2 3 4 5 6 7 8 9

9
L oc o t Done tw Ckg/m J

, ,

\ ' "y ' ,1 k f I. i s 'Y O s m o. t v a.e t r ibw t.on from

iO' bb n e o nain g sen si t ome t e r , for

SBBtest seesse = *

74
_



r... p . .- , as

a . O mrninjuninnpuniniguninnpununpoiningunnin;ninnnjununijunion unun;

1.8 -- --e n
/ a _ i .

I 6 }- p = 7.6
-

= 0.9964
-

c 1.9 - a
o _ -

~

k. 1.2 - --

_ _

W 1.0 - -

-
_ _

_I 0.8 - -

o
,

- _

1 0.6 - -

g _ -

! 0.4 - -

o _ _

lZ
0.2 - -

,

,I

I I ' ' ' ' I ' '0.0

O 1 2 3 4 5 6 7 8 9 10 11

L .c ol O.- . i t y Ckg/m )

Fiq. 67 O - ''* *'**"'b**' '"**-

. c o --. g o. - . 4 . m . t . c . ,o-

sea.... ..r... . -

go D D 3~
~

'

r.., m . .- , s.
2 . O munn;nunnipnunnpununponnn;nninn onuni n,.ninjununipuunnpunnnginunnp.n.no;ninnu

, , , -@kv . C.)

n i e -
_

k
-

-

> 1 6 -

u _ G = 9.4
-

,

. |

= 0.9920 __ i, 3 9 _ a

.?
-

_

e 1 2 -
-

. -
-

W t 0 -
-

_
_

_i 0.8 -
-

.e _
_

! 0.6 -

! O 4 - > -

E -
-

.

1
- \ -
~

W.-

I I l l I I I I I 1 1 1 I l0.O
P O 1 2 3 4 5 6 7 8 9 10 11 12 13 14i
k

m.., o.-..., <.,~a>
90010271v.\50100V ny. c3 o-- " ' - * - ' - -

.
. . . - - . - , ..-...._... . ..-

0\Uil00( 4' - - - - sa" -

,

l

75



T... P . .- . ce

2.0 i
_

; | | | | | | j j | i|
_

i i > i i i i i i '

^ l.8 -
--

1.6 - b = 12.5 -

u _ a = 0.9920 -
,

c 1.4 -
--

o _
-

3 1.2 -
-

"

e -
-

,

1

E 1.0 -
- I

_
- .

_E 0.8 -
-

| -
-

|

| 0.6 -
-

g _
-

| 0.4 -
--

0.2 -
-

0.0

0 2 4 6 8 10 12 14 16 18 20 22 24

a,to..i o.-.... c=,em
Fig. 69 o...., .....6....- <.m og. b. . . - - . - , ..-...._... . ,.-

9seai... . . - . . . - _

O
T..t P. - t a6

2 0 _ iji| i| i;i | ; ji i;i;i ji ; |
_

i i i i i i

1.8 - -n

G _ _

) 1 6 - 6 = 16.3 -

= 0.9889 -u - a

c 1 4 - -

o _ _

i 1 2 - -

3 - -

W l 0 - -

_ _

,E 0.8 - -

; _ _

| 0.6 - -

e _
.

!o* _
/ :

-

0 2 - -
.,

' ' ' ' ' 'O.0

O 2 4 6 8 t o 1214 16 18 20 22 24 26 28 30 32 '

u..., 0.-.... c.,~a>
'
1

90010272e4 . 70 0.-.., ......s_...- , . -g i t; 9.

. . . - - . - , ..-.... ... . ...

ses.... . . . . . . _ _

76 j



__ -_ -

r..i 9. .- 4 s7

2 0 iiiijiiiiiiiiiiiiiiji ii;iiiijiiiiiiiii;iiii_
,

n i e -
-

~

r -

1.6 -

\j E3 _ 22.4 _
> -

v _

a = 0.9826 _

, j,y -

o -
-

-
-

i 1 2 --

. -
-

W i o -
-

. _
-

-

< 0.8 -
-

0
_

_

,

1 0.6 -
-

-

g -
_

i 0 4 -
-

a _
-

L
0 2 -

-

__

I I I I I I I I

0 0

O 5 10 15 20 25 30 35 40 45

,

L ,- o l 0.n .. t w Ckg/m 3
F14. 71 o .- . 4, .....s...- <.m

.c.-~-, . . - . . . . - . . . 4.-

ses*..t . . - . . .

-w
g g g- --oo o

.S.. -oo o
r... . . - , se

2 0 i n o n n join u n ji n niniji n n u n jin ninijin n u n ji n n u n p u n n u ji n o n n ju n n ui
-

1.8 -n

a -

_

\ ~

> 1 6 -

p 39.0
_

,

g,y _
0.9662 _

v -

a
,

-

o _

k 1 2 -
-

3
-

-

W l 0 -

[
-

_E O 8 - \ -

; _ ( _

-

: 0.e -

_, _

\ ~

.

!. 0.4 -

N -

_ s
-Z O2 - ~

_

'

_

l l I I I I I I 1

0 0

O 0 10 20 30 40 50 60 '70 80 90 100
.

V :. G, 4 lhi'
u.... 0.-.... < . , ~ " > 90010273

n.o. 72 0.-.... .....s...- , . _

. . . , ~ - , . . - . . . . - . . . . . . -
ei50,iUOV.r

ses _.... . . . . . . _

77



T.. = . . . see

2.0 i i i i i i i
; ; ; i ; ; i|

_
_

;iii;i| i ii

1.8 -
-

n
t _

_

\
> 1.6 -

D = 72.1 _v _

" = 0.9330 _
, 3,y _

o _
_

~
-

.

* 1.2 -

_.
_

_

W l 0 -
-

-
- .

c 0.8 -
-

o
,

_
_

! O 6 -
-

g _
_

! 0.4 -
-

o _
_

Z oa -
-

I ' I I I I I I ' I '
0 0

o 20 40 60 80 100120140160180200220240260

3
t o. . i o.-..., cus- 3 .

Fiq. 73 0.a..*, . . = * - b e t . .a < . - 0
...---, ..-.... ... . e.-

ses.... ..-... - -

O
r... p..-* 4 e r..

2 0.,i;iii;iii|i | i| .| iii; j>1i|i _

l.8 -
-

^
g -

_

\

> 1.6 - 5 = 109,4
-

0.8953
~

" - a=

c 1.4 -
-

o, _
_

k, 1.2 -
' -

_
_

--

W t,o -

)-

-

_I 0.8 -
-

0
_

_

;
-

! 0.6 -

-

t
- .

! 0.4 -
-

_; _

0.2 -
- .j

l l l l l | | | | | | 1 l | | l
10.0

0 40 80 120 160 200 240 280 320

2 0 260 300
<., g>20 60 100 140 180

4
4

.

u..., 0.-...,

o...., ......s...- < - . -
rin 7a ...-~-, ..-....-... . ...

90010274ses -.... ...... -

78 |
|



2.0 i i i 1 i i i i 1 .
_ | ; | | ; ; | |

_

1.8 - -n

E ~ [ -

, y 1.6 -

p _ 7.1
-

-

( v _ _

, g,y _ = 0.9956 _

o _ _

.

a 1 2 - -

2 - -

.

W l.0 - -

_ _

_i 0 8 - -

| _ _
-

| 0 6 - -

5 _ _

; 0.4 - -

0 _

2
0.2 - -

I I I I I I I I I
0 0

O 2 4 6 8 10 12 14 16 18 20
l

L oc o s O n e.tv cvg/m3) |

Fiq. 75 O*"*'*w a'**"*iaa '"a*

e c o nnin g o n e e t o m. 4.e . foe

sea<..t ..co.. - -

- .-

2 0
_

| | | | | | | | |
-

,

i i i i i i i i i i

i

1.8 - -n
a _ _

\
> 1.6 -

i

- = 7.9 _

-

p
y _ .,

= 0.9947 -a
, ;,y _

|;? - - 1

1.e - - I

i,
_ _

W l.0 - -

_ -

_I 0.8 - -

; _ _

! 0.6 - -

E
-

s

! 0.4 - ---

o - _

Z
0 2 - -

'
~

l l i l | | | 1

~

0.0

0 2 4 6 8 10 12 14 16 18 20 |p
|

L oc al D.n e. t v Ckg/m J

90010275* " * ' ' ' " ' ' ' ' * " ' ' ' ' ' * *

t)' ' ( j) | {}} { O Fiq. 76 I
-

.

e c o nnin g a.n e s t o m. t .e , foe .a '

|
sea.... . . - . . - -

79 |

;, \ ';0 i ()W,



T... p.... 44

_

j i ; ; ; i i i | i i iii ,i i . i i i i i i i i2.0
-

1.8 -n
-

2 - ''- =89N
1.6 u

d { = 0.9937 -

-

c i.4 -

_

o _

k.
-

1.2 -

_

_

-

W l.0 - -

_

_

_I 0.8 -

-

,9 .

-

-

1 0.6 -

-

E
-

-

! 0.4 -

0
-

Z -

O 2 - -

_

'

0.0
O 2 4 6 8 10 12 14 16 18 20 22 24 26

L .c oi 0.n .. t v Ck g /- ) ,

'

Fig. 77 o....,.....6...., , , - .

. c.nnin g .. n . . t o-. 4 .e . for

ses -.... ...... -

O
r... p..,. 45

_

| iji;igi j ; | ; | ;i;i2.0 . i i i > i i i

1.8
~

-n

a -

_

) 1.6 - 0 = 10.4 -

i

= 0.9929
- '

" - a

c 1.4
- .

- '

_

o _

k. _

-

1.2 _

-

W l.O-
-

_

_
_

c 0.8
-

-

.' -
.

-

-

1 0.6 -

- .

E
-

t. _

0.4
-

-

-

0.2 -
.

l 1 I l | I I I I I I i l=
~

|~

|0.0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

'1 u
|

u...,o.-..., c.,~a>
90010276

-

| rig. 78 a.-.......-.e....- , . -

...---, ..-....-.t... ...

eee -.... ...... -

- - - - - - - - - - - - - - _ - - - - - - _ _ _ _ _

00
.



T.. t s=..e t 4s

2.0
_

| ; ; i j i g ; | g
_

i . i i , i i i i i i

1.8 - -n

O a _ .

) !.6 - E = 12.6 -

u - a = 0.9920 -

c 1.4 - -

. E
- -

; 1.2 - -

. _ _

W l.0 - -

- . .

.I 0.8 - -

0
- -

;

1 0.6 - -

e - .

! 0.4 - -

3
- -

0.2 - -

' '
0.0

O 2 4 6 8 10 12 14 16 18 20 22

3
L oc al D.n .. t w Ckg/m 3

Fig. 79 D..,t, . . . t , ,6, t , . . , , , ,

. c a nnin g ee n .it ome t .c . for i

t..e .. ... ses
1

( D**D *D 3' Y fM=|** e
r.., . .. t .. .

1

2.0 iiiiji iigiiiigiiiijiiiijiiiijiiiigisiijiiiijiiiijiiiijiiii}iiii
_

n 1.8 -
-

g .
-

) 1.6 - D = 10.2 -

v - a = 0.9914 -

1 [ 5*

j i.2 -
-

, .
-

W l.0
-

-

-
-

_I 0.8
-

-

e _
_

.

1 0.6 -

_

s. _

} 0.4 -
-

. -
-

2 --

0.2 -.

0.0
\". 0 5 10 15 20 25 30 35 40 45 50 55 60 65
' \'A b } "' u- n') y

, * \ t . .. e l D.a ..t v Ckg/m 3
O' O.m.i t y e..tribwt..a f e.m

. e e main g e. m .e t . m. 4.e . doe

sont..t . . . . . . -

W
- _ _ - _ - _ - - _ _ _ _ _ __-.



_ - - _ _ _ _ _ _

r... p . .. . 4e

2.0 i iii iii1
_

; ii|iiiigiiii;iiii;i,,ijiii,;,iii;i,,ii i

_

^ 1.8 - -

t - _

1.6 7 P = 11.0 _

, 3,y _ = 0.9914 _

.?
_ _

= 1.2 - -
.

. - _

W !.0 - -

_ _

_I 0.8 - -
~

.e _ _

| 0.6 - 1

E
- -

! 0.4 - -

0 _ _

Z
0.2 - -

' ' ' ' I
O.0

O 5 10 15 20 25 30 35 40 45 50

ygg ag 3 1gL .. . i o.a.., cwge a,
,4,. e1 0..... . . . . . . . _ . . . _ ..._

...aa.-, . . - . . . . . . . 4.,

t... .. ... ess

O
T..t P. in t 50

2.O 1iiiiii iijiiiijiiii jiiiijiiiijiiiijiiiijiiiijiiiijiiiijiiii_
_

1.8 -
-

n
t _

-

\ -

> 1 6 -
-

v - D = 12.4 -

c 1 4 - a = 0.9901 -

9 _
_

i
i, 1.2 -

' -

_
_

W !.o
-

-

_
-

_I 0.8
-

-

e _
_

.
-

0.6 -

3
_

I 0.4 -
-

'

e _
_

Z
0.2 -

-

~- - .
.

I I I I i l | I I I |
0.0

.

0 5 10 15 20 25 30 35 40 45 50 55 60

u ...i 0.-..., < . , ~ " > 90010278
-

,

rio. e2 o-...-..- <-.

. . . - - . - , ..-.......... ...

|eee..., . . . . . . - _

|
82



_ _ _ _ _ _ . . . . _ . - . _ _ _ m -_

i

.
,

!

7.. e p. . . 51

2.0 ii n g o Tpiiiji n i giiiijiiiij niijii n gini jiiiigi o gi siiji n i[ui g j
_ ,

n 1.8
-

-

t _

_P = 14,8
~

_

\
> 1.6 -

a = 0.9877 _

v _

c 1.4 -
-

o _
--

k. _
-

1.2
-

-*

W g.o -
---

-

_
-

_? 0.8 -
--

5
-

-

1 0.6 - 1
- )

g -

i. 0.4
_

-

IZ
0.2 - - ,

' ' I ' ' ' ' ' ' ' ' ' '
; 0.0

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70

L .c o l D.- .. t w Ckg/m 3 i'

Fig. 83 O *" * * * w d'**"'6"i'*a ''a*

j,

...-n.-, . . . . . . . . < . . -
qsas. . . . . . . . - -

r... p . ., . e2 .

I2.O inninn;nniini;nnginiginiin niniiinninniiniiinijo n uninniin.
.

"
-

^ !.8 -

2 -
.

> 1.6 - 5 = 19.5 -

0.9829 -

V - n =

c 1.4
-

-

o, _ r -

k. 1.2 -
' -

-
-

W t.0
-

-

_
-

_I 0.8 -
-

| _
-

| 0.6
-

-

E
-

-"

! 0.4
--

e

Z
_

_

_ _

9y _.

_

l l I l l l I I l | I l i I I I

~

0.0

0 5 10152025303540455055606570758085 j

u..., o.-.... c.,~s, 90010279 |
U*"*''S ' ' * * " ' ' " ' ' * * ''**

06 90 h/dM. , ;, , Fig. 84 . . . - - . _ , .. ...._..... ...

ses -. . . . . . . . . . -

83 j
- --. ..- -. - - ._ .- .-



T.. t P..a t er2

2 . O ninimjnnoinjunnniginunn;ninungunninjunnnigiumni)nninnjuninnjnnmn;nininijnnnui

n 1*8 - 5 = 26.8
~

" _g _

' -x = 0.9756 -N
> 1.6 -

t
_

v _

-

c 1.4 -

_

o. _

i 1.2 -
' -

.

_

. _

-

W l.0 -

_
_

-

_i 0 e -

_

9 _

-

! 0.6 -

_

E
_

i 0.4 -

_
o

Z
_

-

0 2 -

I I I I I I I I I I I I

0.0

O 10 20 30 40 50 60 70 80 90 100!!0120130
L oc al D.a .. t v Ckg/m 3

U*"*''* ''**"'6"''*" ' " * *
Fig. 85

. c o n n.n g o. n . . t om. t . e . for
ses -t..t .. ...

D"" *D'3"
'

"}-~&& d, a
r... P... 54

2.O n nu ngnni n n jm n n ngi un nn gin n n ngnin u n gn u ni nji n n n n ;m ni ni;i n n nii ji n nii n ji nii n,i

1.8 - -
n

~ 6 = 31. 2 -

(
> 1.6 - a = 0.9722 -

v _

c 1.4
--

o
:

- , _

* 1.2 - -

.- -

,

W 1.0 -

_

;
-

< 0.8
_

-

9 _

.

! 0.6 -

_

E
-

.
.

! 0.4 - -

j - _

0.2 - -
.

I I I I I I I I I I I

~

0.0
0 10 20 30 40 50 60 70 80 90 100110120

' ' ' L oc al D.n .. t v Ctg /m J

0..... ...t.st..- ...m

90010280rig. ac .c-_._, .. ..t.m..... ,--

se,t..t ...... _ _

84



- . . . . - . .- _- -.. - - . - - . . . - . - . -_

|
|
|

|

T..< P..a t es

2.O unningninunpuniniginonnjni, nngnoinnginonngninunginnnoguninnguinnnginnini

1.8 - -'

2 -

5 " I0'2 -

_

\
l 6 -

d _ u = 0.9853 _

c 1.4 - -

0
.

- -;

, I.2 - -*
. .

3'
.

,

W !.0 -

g
-

.

-

'

-,.

-C
c 0.8 - -

? _ _

e

! 0.6 - -

s - -

!. 0.4 - -

, _ _

Zi
' O.2 - -

=
i .

'
-

I i l | | | | | | | (~
_

0.0
0 10 20 30 40 50 60 70 80 90 100!!0120

; t o... o .a . . . , cm, a,
o .- . i t , e. . t r b u t .n .e.m

,

Fig. 87 .c.-~as ..-..t.~.t. . *.e
t..t ..re.. - ses .

D**]D *]D 3' 3 h
o J u . S . .S Inl so o Ju

T..< P. .a t 57

2 . 0 nin >5nin.n;m.. .gmi mg.mn.jui...ipn...ign.i.ngnn.n;i.n.n;nn.m i... .; i.n g.manpo.i ipi.uini

i.8 - - |n
E

s > 1.6 -

p = 20.6
~

a = 0.9810
-

U - -

c 1.4 - '

.?
. .

,

. 1.2 - ! -
'

. _ _

w i.0 - -

- -

-E 0.8 - -

| - -
.

I | 0 6 - -

E
- -

,

!.
'

0.4 - -

.
. _

Z
0.2 -

-

-

' ' ' ' ' ' ' '
0.0

O 20 40 60 80 100 120 140 160

10 30 50 70 90c1,'i q l 0 130
c., y > 90 0281%850Iu..puim.

,

w. u..., o.-....
oy o .-.... ......s....- . . . -

rig. as . . . - - . - , ....i..~..... ...

SBSt..t ..re.. * =

-_ - - . _ _ . - ox ___



.

Toot Po.a t 58

2.0
_

; g | j | ; ; ; ; g
_

i i i i i 1 i i i i . i

!.8 - -^
2 -

-P = 25.8 ~

-

N
). 1.6 " "-

= 0.9757v - n
-

d
c 1.4

_o r
.

* 1.2 - } - .

2
--

,

W l.0 !,
-

i .e
-( 0.8 -

0
--;

1 0.6 - -

E - -

! 0.4 -

.0 -

Z
0 2 - -

' '
0.0

O 20 40 60 80 100120140160180200220240

L oc ol o.a .i t y C k g /- 3

D* D *D,

o.e..., ...... bot.*" ''** '

Fig. 89 (
...--.-g ..n....-. ... e.,

,,
ses.... ...... - -

O
T. 4 Poin 4 59

2.O i i i i i i i i_ i| i| [ j j j } igijijiji|
_

n 1 e
-

G - f
-

r = n. :i -: i e _,
a = 0.9692 -

v - .

c 1.4
--'

o _ r -

~
d1.2

-

, -
-

W t 0 -
--

}
-

-

0.8
-

-

; -
-

1 0.6 -
-

E
-

-

~

{ 0.4 -
-

2
0.2 -

-

,

' ' ' ' ' ' ' ' ' '
0.0 <

0 2 0 4 0 6 0 8 010 012 014 016 018 E O T 2 T 4 8 6 T 8 03 0 0

t .i o...., c=,a, -

o .a . . . . .....6...e ...-
.

o 1 1s2 ,

r4 . 90 . . . - - . - , ..-....-..... ...v- '

900102.829
see -.... . . - . . . -

05



T... p . .. . se

2.O inij u n j in ij in iji n >|iin j e ni|u o gn n g n n j u n| niijin iji ni jiin |n u_

!.8 -n

(~ (t _
'

_

i N D = 42.2 _3*g _
,s

d
U

_ '' = 0.9592 _

, y -; -

.e _
'

- * i 2 ---'

. _ _

W l.0 - -

. _ _

c 0.8 - -

9 - _

! 0.6 - -

p _ _

; O 9 - -

o - _

Z
9g _ _

' ' ' ' ' ' '0.0

O 50 100 150 200 250 300 350 400
25 75 125 175 225 23 5 325 375

Local o.a .. t w C kg /m 3

o.e .. t w . . . o r .t ..e arom
Fig. 91 . c . e o. , .. .... 4.r. ...

ses...i ...... - -

%,

.
#

2 0
_iiiijiiiijiiiijiriijiriijiiiijiiiijiiiijiiiijiiiijiiiijiiiijiiiijiiiijiiri_

^ 1 8 - -

a - i
_

) 1 6 - D = 45.2 -

= 0.9570u - p -'a

c 1 9 -e

9 - _

~

g 3 - -

j _ _

W t 0 - --

_ -

.E o9 - 1 -

o
_ \ _

! 0.6 - -

g - _
-

i 0 9 - \ -

o - N' W
-

Z
0 2 -

I l | J_ l l I l l l I ID~0.0

0 2 5 5 0 7 510 012 515 017 T O T 2 T S T 7 53 0 G 2 53 5 G 7 5

L oc ei o.e...y c s. 3
3

M;0 WOO
. 90010283o-- -- - '--

Fig. 92 .co-~ 9 a.-.. .--i., - so,

ssa. . . . . . . . . . - -

07
_ _ .__ ni O $ s .t u_.



T.. t P.. t sa

2.O inijuu|nu|nojinijunjunginigunjou;iniginijonjunjunjuujun

1.8
--a

g a
iN

_.

> 1.6 - P = 60.5 -

= 0.9416 -' - "

c 1.4 -
-

a -
_

c 1 2 - -
.

. -
_

W l.0 - -

-
~ ~

.

g 0.8
--

;
_

_

! 0.6 -
-

t _
_

! O 4
--

o _
_

Z
0.2 -

-

I I I I I I I I I I I I I I I I
0.0

O 50 100 150 200 250 300 350 400

27 375 425
C k g / m% 3 2 525 75 125 175 225

L oc al O .a . . t v J

O.a .. t v ... t r .h t.on vrem
Fig. 93 .c aa.a s ..a......t.r. e,

ses.... ..r... .

D *L
[)

* *
D

'9' {$'- 11n, . . . . . .a t e,

2.O u n j o u jin ij oiiji n i;i ni ji nijo n;u n j u n g uii| u s ijin i|iin jiin j ui,

n 1.8 - -

2 _ _

) 1 6 - P = 74.1 -

v - a = 0.9286 -

c 1.4 - -

o. - i _

~

l.2 -
" -

. _
'

_

W l.0 - -

_
_ _

g 0.8 - -

;
_ _

i 0.6 - -

E
- - .

t. 0.4 - -

_ _

Z
0.2 - -

' ' ' ' ' ' ' I ' I I I I
0.0

O 50 100 150 200 250 300 350 400

Ckg/m]32 5 325 37525 75 125 175 225
L oc al D.a ..t v

| c.0,"o, rig. 94 90010284- - " - ~ " ' - - " -

. c . n a.a . ..a..t._.t. . ...

sest..t .. ... .

83



_ _ . . __

r .. . p.... e4

2.O nii;iiiijinijiin iisigiiii iiiijiiojiiiijiiiijn ijoiijiii>|iiiiiiiii_
_

1.8 --n
g -

_

\ -

). 1.6 _
-

v _
p = 78.8 -

, ;,y _ a = 0.9241 -

? _
_

~

I. 1.2 - " -

_ _

_

W !.0
--

_
_

_E 0.8 --

0
_ _

;

| 0.6 --

!
-

-

|

! 0.4 --

; _ _

0.2 -
-

-

#~

l | I I I I I I I I I I I |
0.0

l
0 2 5 5 0 7 5 10 012 515 017 T O E 2 T 5 G 7 S O G 2 5 5 G 7 5

L o.el D.- .. t y Ckg/m 3

Fi . 95 O*"*''w * ' ' ' ' ' ' ' * * ' * " '""*
9

. . . - - . - , ..e.......... ...

ses.... . . . . . . - -

D *]D T
D }v *l

'

o JU. A N .mo ,

r... e. .- 4 es 1
2.O iiii

_

eiiijiiiijiiiijie iijiiii|eiiijiii>|iei ij

1.8
-

n
.g _ f

- - '

-

) !.6 --

E = 42.7 -

v _ ,

a = 0.9587 -
-

, t,q
f _n _

i,
.

"1.2
-

-

G 0 -/ --

-

%
_

-

: O.8 -
--

1

? _
_ l

.

0.6 -
-

. _

g _

i 0.4 -
-

o _
-

Z. 9g _ -
__

' ' ' ' ' ' '
0.0

O 50 :30 150 200 250 300 350 400 450

3gg@p c...,m.-.... <. _ >

900102850..... . . . . . . . . . . - ..._-

Fig. 96 .e.--.-, .. ..t.-.t... e.,

SBB...t ...... * *

.. . sg**
.

_ _ . ._ . .



T... p..-. s7

2.0 iiii;iniiiiiiijiiii;iiiiiiiiigiiiiji iiiiii ;iiii_
_

n 1.8 -

f -G

- L
_

45.4 -

) i.e - -

v - P =

= 0.9560 --
, g,y
o - i -

} 1.2 -J
.

3 - -

y
W l.0 -[

-

-

_I o,e -- -
*

o
- -

;

! 0.6 - -

e - -

! 0.4 - -

o -

Z
0.2 -

-

-

'
0.0

O 50 100 150 200 250 300 350 400 450 500

L.c ol O.n .. t w Ckg/m )

Fig. 97 D * (" ]) ]fO*"*''W "'**"'b"''*" ' " * * r '3'
~ '

. c o --. g ..-.i.m... . e.
*'

.... . . . . . . ses
- "

O
r... .. . ee

2.O _iiiijisii;iiii;iiii iiii;iiiijiiiijiiiijiii jiiii;iisi

!.8 -n
G - f -

\

> 1.6 -
,

v - i. = 51. 6 -

= 0.9498 -~ a
c 1.4
o i. _

* 1.2 -'

o - -

E 1. 0 - -

_ _

_I 0.8 -

!
-

o
- -

,;

| 0.6 -

E
- - .l

! 0.4 - -

,

o - - i

Z
0.2 - -

.
<

l
~

l | I I i l i I I 1
"~

0.0 l
l

0 50 100 150 200 250 300 350 400 450 500 550

L oc al D.- . . t v Ckg/ms)
90010286.: t j ; 0..... ....-..,_...- , . -

l
.

Fig. 98.

. . . - - . _ , ..-....m..... ..-

ses.... . . . . . - -

90,

| |
- . _ _ _ _ _ - _ _ _ . - - . - _ _ - _ - - . _ _ _ _ .



_ , - . .- -

T.. t p... es
2.0 i o .iiiiiiiiii p iii g i s ii j iiiiiiiiiiiiiiiii o p u i g i o i g n ii p i > >_

,

1.8
-

a
fs

t _ f' = 60.7 _-
1'6

b _

' a = 0.9405 _

c 1.4 *

O _,
_

k 1.2
-"~

_e
-

-

W t,o -
-

'

_
-

.

.E 0.8 -

_

[ _

1 0.6
_

-

g _

I.
Z

_
_

0.4 -

9g _
_ _

1

'

I ' ' I I I I I I I
O.0

O 50 100150200250300350400450500550600650

L o. e l D.a .. t v Ckg/m 3

D .n .i t y ...tribut.on f r om

F19. 99
,

... . . ..... tom.t... ...

sest... .. ... . -

~

D} D
*

D
'

%
~

}
k\ ,

f\f ,

A RXon
r..t p . .e 4 7e

2.0 1oi;u n n oin o ju nio np oign oin nin o pinjo uinnin o j u n,
,

n 1.8
_"g . '

) 1.6 n E = 77.2 -

= 0.9239 -
,av --i

e i.9
_

|-
io _i.

i,
_

_

'1.e
_

W l.0 -
-

-
_

-

c 0.8 -

_

[ _

! 0.5 -

_,

g .

I. _
_

0.4 -

Z 0.2 - -

-,

0.0

,1 0 5 0 10 015 e 0 m s m o s s o4 0 0+ 5 m 0 m s m o m 5 07 0 07 5 0
.

e a, i, L. .Q,
u..., o.-..t. < . , = >.. m.. .

90010287b8$0iU00 o - 6 ' -- < - -
g 9, 100 . . . - - . - , .. .4.m.t... ...

SBB1 t..t ..r... * -

91
__ . __ _ _ .



_ _.

;
1

T..t P . .- * 71 !
'

2.0 u n g n n | n n j o n gi rcip r.; j o n g u n ;n n j n ii j iiiij n n;nii;iin ;i,n g,ii,

1.8
-

a
t _ f _

~~

E = 93.0'

a = 0.9079 _

~
c 1.4
o

_

.-
_

! !.2 -'.
-

-

_

s -

-

W l.0 -

_

;
-

.
_

0.e -c
i,

-

_

;
-

| 0.6 -

E
- s

_

-

i 0.4 -

_j -

0.2 - -
-

~

I I I I I I I I I I I I I I7 ^
0.0

0 100 200 300 400 500 600 700 800

50 150 250 350 450 Sp 0 650 750
L. o c o l O e- .. t y Ckg/m 3

h0. .. t v .. . t .bu t o- f em
Fiq. 101 D 0 "

. . . - - . - , ..-..t. .te . ... |

SGS etest . e-s e e o

O
Te.t P o .- 4 73

2.0 iiiijiiiijiiii;iiiigiiii;iiiijiiiigiii,;iii, iiii;,iiiiiii,;,ii,

-

1.8
-( -

n
_

G -

\ 5 = 55.71.6 :
->

" ~ a = 0.9456
-

+
c 1.4 '

o a
'

- .. ~

* 1.2 -

"

, _

W !,o i
-

-

-

e -

g 0.8 - .

;
-

-

\

1 0.6 _
~

-

E
-

-

! 0.4 -

~

o _

Z -

0.2 -

' ' ' I I I I I I

-.

O.0
O 50 100150200250300350400450500550600650

t_ o c o i D.- .. t v c k,'m ~8

-

o-.t. t6..- <- 90010288
..<. .r. , i , . x g40. 102.

. . . - - . - , .. ..t._.t... ,.-

SBS .test . e- e s *

i

92
_ - _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _



. .. --

T... p . .. . 74

2.O
_iiiijiiiijiiiijiiiijiiiigisiigiiiigiin;iiiigisiijiui;isingiiiijiiii_

!.8 -n

( - l p= 62.1 -

> 1.6 a = 0.9392 -
' ~

v :

c 1.4 * * -

! n
_

i 1.2 i. -
-

. - -

E ,o J. -

.
- -

;
c 0.8 -

0
- -;

| 0.6 - -

E -
-

!. 0.4 --

Z
-

_

0.2 --

' ' ' ' ' ' ' '0.0

O 5 0 10 015 02 0 02 5 03 0 03 5 CP+ 0 04 5 05 0 05 5 06 0 06 5 07 0 0

L oc.t 0 .n. sty Ckg/m 3

Fig. 103 D a *' * w a'**"'6''aa 'e==
. c .nmen g e.n .'to m .t.e , for

ses.... ...... - -

) D**D DY
Aeel e

r..< e. .n < 7s

2.0 _ii n | u ii p i o p u i p u ip i o j u ii p i n ii n i p iiip io p iiiii o ii n ii_
n 1.8 - -

g -

p = 70.0 -

-

:N
> 1.6 ' :

a = 0.9312 -v s

c 1.4 H -

. _a -

k.
'1.2 ~

- -

E 1.0 -2
-

-
-

-

c 0.8 --

?. - -

! 0.6 - -

E
- -.

!. - -

0.4 - -

2
0.2 - -

.

' ' ' ' ' ' ' ' ' ' '
0.0

O 50 100150200250300350900950500550600650700
k ,s

' , .
,

m. ipy u...,o..... c.,~=>
o.-.....,...s....- ...~y,y, 30, 90010289U?S0iUW - - - ' - '' - ' - ''

sea; .... . . . . . . - -

93



T.. e p..a e 7s

sin.O nujun|inignojini|iingiusjunjunjunguijinijainigini;14,i
n 1.8 _

0 - f -

1.6 p = 82.6
a = 0.9184 _

+
c 1.4 _

e _a
.- - .

* 1.2
7_

-

.
-

W 1.0 _

_
- *

-

g 0.8 -

_

;
_

-

! 0.6 -

_

E
_

-

!. _

0.4 _

-

Z
-

0.2-
I I I I I I I I I I I I I I I i

0.0
0 100 200 300 400 50, 600 700 800

50 150 250 360 450 Sg0 650 750
L .c ol O.a .t v Ckg /m 3

O*a*'*w * ** bwi'oa *.m
Fig. 103

...ame, ..-.......... 4.. a .

D D 3
- . .

.Dsa3 k.
..... ..-... . c..

O
r..< p..< 77

2 . 0 n ujunjuiigini|i.ijiiojiin;ungnugon inijningruijnio|,injun_
_

_

1.8 _n
1g _ o

1.6 = 99.0 ~_s

d = 0.9019u _

*1.4 _

c
,

e _. _

k. '_
-

1.2 _

W 1.0 -
-

_ -

_I 0.8 _-

? _
-

! 0.6 _-

p _
- -

i. 0.4 -
_

_

o.2 -
m-

_

Z u

I ' ' ' '

0.0
0 100 200 300 400 500 600 700 800

650 750
Sp)050 '50 250 350 450

L .c ef O n.it y Ckg/m

0.-...w ......s...- . . . .
3

- r4y. 103
x;

-t,
> . . _ . _ , ..-....m..... ...

90010290cee --.... ......

94



__..

VI. REFERENCES

1. J. H. Keenan and J. Kaye, " Gas Tables", John Wiley and Sons,
Inc. , New York ,1948.

2. .ASME Steam Tables", Third Edition, The American Society of"-

Mechanical Engineers, New York, 1977.

.

90010291

.

9

9

.

f|

: 95

.. - . - -- - _ _ _ _ - - - _ - - ___. -_



,- - - - - - - - - - - - - , a _ _ ,a , - - - - -

:

!
t

O
'

|

.

4

APPENDIX A

SCANNING DENSITOMETER-DETAILED DESCRIPTION

90010292

0

1

*

.

r

O

-



,Q APPENDIX A

U
a

SCANNING DENSIT0 METER DETAILED DESCRIPTION

.

The scanning densitometer is a low photon energy, moving -
detector system (Figure A-1) assembled and checked out at EG&G Idaho,

,

Inc. Significant portions of the system were purchased from
Westinghouse Nuclear Energy Systems where it had been used

2previously . For use at EG&G, Idaho, a new spool piece and
traversing framework were built, a new source was supplied, and these
were combined with the Westinghouse detector, electronics, and
traversing motor and control to form the new system.

At the spool horizontal centerline, a 19.18 mm diameter hole was
drilled in each flange at a distance of 7.19 cm from the center of the
flange bore. A 19.05 mm uiameter shaft, aligned like a flange bolt,
was mounted through and between these holes, and served two

functions: (1) it was the axle about which the detector rotated, and
(2) it housed the radioactive source. An axial hole was drilled
halfway down the shaft, and the source, mounted at the end of the
source holder rod, was inserted in this hole. The wall of the tube,

on the side nearest the plexiglass pipe seament, was cut away at the
source location so that only air existed between the source and the
plexiglass. Thus, the source was not collimated. A roll pin was used
to lock the source holder rod, axle / source tube, and the upstream
flange in relative position. This assured that the source was
maintained in a known, fixed position, relative to the plexiglass,
regardless of detector position.

For Test SB3 a new source holder was fabricated to be used with.

the standard Semiscale low energy source configuration. A photo of
. this source holder is shown in Figure A-2. Two separate axis (one

I \

a Significant portions of the follow description are from Reference
1 and used by permission of the author.
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on each end of the source holder) passed from the holder through the
holes drilled in the flanges and roll pins were used to lock the
holder, axials, and flanges in relative position.

.

The liquid nitrogen dewar and x-ray detector were mounted on a
traversing frame constructed of rectangular aluminum tubing. At one

,

end of the frame, vertical arms connected it to the axle / source tube.
Sealed ball bearings were pressed into the arms and provided low
frictional resistance between the stationary axle and rotating arms
and frame. At the frame's outer end, a vertical circular arc segment
was attached to the frame. A chain from the drive motor sprocket was

attached to the bottom of the arc, so that pulling upward on the chain
raised the detector. The chain unwrapped from the circular segment

causing a detector movement linearly related to the rotation of the
drive motor.

The radioactive source used for test series SBl and SB2 consisted

y of approximately 45 mci of accelerator-grade Cd-109, prepared in
May 1977 by New England Nuclear Company. The active material was
electroplated on a silver disc which was housed in an hermetically
sealed short cylinder, the ensemble noted as capsule Model LE-66A.

The primary radiation is the 22.1 kev silver Ka x-ray with a yield of '

better than 95% per disintegration. Kg x-rays are also present at
24.9 and 25.4 kev, as is an 88 kev gama. The electron capture ]
decaying isotope has a half life of about 453 days. '

:

The radioactive source used for test series SB3 consisted of
approximately 350 mci of Am-241 prepared in November 1978 by

New England Nuclear Company. The active material was in the form of a
ceramic cylinder housed in an 1100 series aluminum capsule,-

Model LE-66B. Photons of only two energies were used in the
- experiment: the 60 kev gama ray with a yield of approximately 36%

per disintegration and the 17.8 kev Np L x-ray with a yield of
approximately 18%. The yield, self absorption and capsule
transmission losses precluded effective use of the other Np x- and

M 0!00? 90010296
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g ama-ray s . None of the high energy alpha particles emitted in the
decay of this 430 year half life isotope were detected exterior to the

capsule. The 17.8 kev x-ray was used exclusively for the final data
taking, because of its significantly greater sensitivity; the 60 kev
gamma was used only for some initial setup work.

.

*The detector was a 1.0-cm diameter by 5-m active depth Si (Li)
crystal, cooled to near liquid nitrogen temperature in a common vacuum
5 liter dewar, Ortec Model 78916-10300. The 3.81-cm diameter

evaculated cryostat snout was sealed against the atmosphere with a
0.0254 m thick beryllium window. A detector shield was mounted on
the front of the cryostat. It consisted of a lead sleeve and 25.4 mm
thick shield. A rectangular collimating hole was machined in the
shield and had a cross section 10 mm wide by 3.17 mm high. Thus, the

collimating hole length-to-height ratio was approximately 8 to 1.

With the source / detector distance of 17,79 cm, the 3.17 mm

collimating slot height corresponded to an angular beam height of 1.02
degrees, and constituted 1/10 of the flow diameter. Photon energy

resolution of the detector was 274 eV full width half maximum at
15,000 of the 22.1 kev x-rays per second with a main amplifier shaping
time constant of 2 ps.

I
1

Figure A-3 is a block diagram of the pulse counting system and
detector traversing control. Charge pulses generated in the detector I

by photoelectric absorption of incident x-rays are integrated and :

amplified in the preamplifier. The resulting voltage pulses are
inverted, shaped, and further amplified in the main amplifier and
presented to the input of the single channel analyzer (SCA) or dual |

1discriminator. The pulse height is proportional to the absorbed x-ray
|

.

energy, so a pulse height or x-ray energy window can be set by
adjusting the upper and lower discriminators. If the pulses are of a

height to fall in the window, a slow-logic pulse is sent by the SCA to
the dual counter / timer where it is counted. Pulses are counted for

O
'o o. 90010297
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the selected preset time (that is, 10 s for tests SBl and SB2, 20 s

for test series SB3) set on the dual counter / timer. At the end of the

preset time, the number of pulses counted is transferred by the
printout control to the teletype. Upon completion of printout, the

. ,

counter is reset to zero and counting automatically reinitiated. Also

at the end of the preset time, a control signal is sent from the
~

counter / timer to the preset indexer to start the detector traverse
motor and move the detector to its next azimuthal position. The

traverse motor is a precise, phase switched dc stepping motor whose

output shaft turns 1.8 degrees per step (or preset indexer output
pulse). When the preset rumber of steps (200) have been accomplished,
power to the motor is turned off. The speed of the stepping motor is

adjusted so that the detector is moved to its next position in
slightly less time than is used by the teletype for data printout,
that is, slightly less than 3 s.

Thus, a traverse is started by moving the detector to its initial
position. The x-ray pulses are counted for 10 s (or 20 s), and the
number counted is typed on the teletype. While the typing is

proceeding, the detector is moved by the stepping motor to
position 2. The counter is reset and counting reinitiated at the new

position. This procedure is repeated automatically for the 25
azimuthal detector positions, at which time the operator stops the
process and returns the detector to its initial position for the next
data run.

Main amplifier gain was set at 45 so that the 22 kev photons from
the Cd-109 produced pulses of about 2.4 volts; thus the accompanying

88 kev gamma rays did not saturate the amplifier. Bias voltage used

was -1500 Vdc, and upper and lower discriminators were set at 2.50 and
.

2.10 volts, respectively for Tests SBl and SB2. For Test SB3 the

upper ahd lower discriminators were set at 1.69 volts and 1.25 volts,
with a main amplifier gain setting of 35. A multichannel analyzer,

Ortec Model 6240-04, was used in setup of the pulse height windows and

to provide information for applying scattering and background

.m

|
90010299
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corrections. For the test series SBl and SB2 in which the Cd-109
source was used, it was found that the scattering and background

corrections were negligible. However, for test series 583, in which
the Am-241 source was used, the effects of scattering and background-

radiation were significant and coiisiderable care was taken to account
for these effects in the data reduction. Details of these corrections,

are provided in Appendix B. Dead time corrections were also found
unnecessary at the ount rates encountered in there tests.

As noted above, a total traverse consisted of obtaining data at
25 positions, each position separated by 200 preset indexer steps
corresponding to an angular movement of 1.207 degrees. Thus, the

1.02 degree-wide interrogating window was moved the 1.207 degrees from
position to position. Measurements of traverse angle were made for

all 25 positions. The 1.207 degrees per 200 indexer steps represents

the average angular displacement. Standard deviation, of this

measurement was 0.017 degrees. Data were obtained at several detector
positions in the plexiglass wall, outside the flow area. This was

done as a means of verifying repeatable positioning of the detector,
regardless of flow condition. As the total angular range covering the
flow area was 18.1 degrees, two phase data were obtained at 18
positions.

Densitometer calibration was accomplished by obtaining count rate j

traverse data for known density, all-liquid and all-dry air
conditions. Data were reduced using the scanning densitometer data
reduction computer program, PATDR. Chordal average densities are

'lculated using Equation (A-1) and cross sectional average fluid
der.3ity is calculated using Equation ( A-2). The weighting factor used
in the latter equation accounts for the angular segment beam area-

as'so'ciated.w|i.tbthepolarcoordinatesetupofsourceanddetector.U1()jy
^#

I(e) |
j"

,r ' ,'n I le),

f''og(OD, p - (of-o) (e) (A-1)
f g

'"
te) 90010300f
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EP (e ) 0.5 (D +D )(Cos 0 ) X (e$)oe]c j g 3 4 f- i=4 (A-2)p =

22

E
$_4 g 3 j f (e )oeJ.5(D +D )(Cos e ) X

~

j

* where

the density of the suocooled water giving rise too =
f

traverse count rates I (e)f

the air density "%1 ding count rates I (B)o = gg

the chordal average density determined from theP =
c

'Ur | phase fluid count rates I(e)
; two

|7
plex'lgikss'p'ipesegmentouterdiameterD =

o

twice the distance from source center to nearestD =
3 outer surface of the plexiglass pipe segment

traverse angle (Figure A-4)e =

fluidchordalpathignqth=Xf =

(Dj -(Do+D )2 sin 2 g)2ig s

plexiglass pipe segment inner diameter.Dj =
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APPENDIX Bp

SCATTERING CORRECTIONS APPLIED TO SB3 DENSITY DA1A

.

For test series SB3, Am-241 was used as the x-ray source for the
scanning densitometer. The 17.8 kev x-ray was used to increase the

'

sensitivity of low density measurements. At an x-ray energy of
a17.8 kev the ratio of count rates for all air to all water is 32.3,

whereas for the 22 kev x-ray (the primary Cd-109 peak) this ratio is
only 7.8. However, to use the 17.8 kev Am-241 x-ray extra data
reduction was found necessary to correct the Sincle-Channel Analyser
(SCA) data for scattering. The scattering correction decreases the
SCA count rate to eliminate those x-rays counted, the energies of
which had decreased since leaving the source (i.e., eliminate those
x-rays counted which had had some interaction with test section or

fluid atoms before being detected). The effect is described by
equation (B-1):

O
I -I = Bl

SCA back uncoll (B-1)
|

where
l

I The SCA count rate=
SCA

I The background count rate (due to the 20.8, 26,=
bd

and 60 kev x-rays)

I The uncollided 17.8 kev count rate=
uncoll

The buildup f act (due to scattered 17.8 kev x-raysB =

detected within the SCA window).

1

Figures B-1 shows typical photon energy spectra obtained (with j
- the multi-channel analyzer system) at the diameterical detector

position for the given reference fluid condition, i.e., all air. In

/'

( a This ratio is quoted for the detector position at the pipe
's diameter and is given by:

R = (I /I ) = Exp (y)f (of - o ) Xg f g f

B-2
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this figure, the symietrical, unshaded area is associated with the
uncollided flux of 17.8 kev x-rays. The cross-hatched area at the

base of the figure is associated with non 17.8 kev x-ray photons
(these are principally scattered 60 kev photons) designated as

'

background. The shaded area, at the lef t of the figure, is the
portion of the total signal due to scattered 17.8 kev photons. Then,

*

B, the buildup factor, which is the ratio of scattered plus uncollided
x-rays to uncollided, is given, in terms of the figure, by:

SHADED AREA
B = 1 + UNSHADED AREA

which is simply a restatement of equation (B-1). Values of B were

determined from MCA data on all-air and all-water fluid conditions by

using equation (B-1) and calculating values for luncoll (double the
high energy side of the spectral peak), for Iback ( verage the high
energy side background and multiply by the total number of MCA
channels associated with the 17.8 kev peak), and I (sum the counts in

the total number of 17.8 kev MCA channels). These B values were then

plotted versus the corresponding n values, n being the total number of
mean free path lengths as given by equation (B-7). (The n values'

could be calculated directly since the reference densities (o ,
f

o ) were known.) This plot lead to the empirical relation:
g

B (n) = Cy+C2" (0-2)

where the least-squares-fitted values of the coefficients were found

to be:

C0 EFFICIENT VALUE

C 1.048
1

C 0.015
2

.

With the relation for B and an additional fit for Iback (given
next), equation B-1 was used to determined values of Iuncoll from

SCA-system values of I f r all-air and all-water fluid
SCA

conditions, i.e.,

!

M 10 W% t!
g_,



I ~IA air air back
~

g (0) E luncoll * B
I

I ~Iwater water back ,

If (0) =_ Iuncoll " B
\

are SCA-system reference fluid condition countwhere I air' Iwater
rates; B is given by Equation (B-2); I and I are the reference*

g f

air and water count rates corrected for scattering; and I ISback
given by Equation (B-5):

II =C3+ 4 SCA
~

back

COEFFICIENT VALUE

C 251.43 counts /sec
3

C 0.127
4

The above procedure, used to correct all-air and all-water
\ condition reference rates for scattering, could not be used to correct

tests run count rates because, with the fluid density unknown, n

values (hence B values) could not be calculated. Thus to correct the
run data for scattering, the following iterative solution was used:

was chosenat a given value of 0, an initial value of Iuncoll

(I SCA) and a value of 3c calculated.
This value of p was used

c

toderiyeja'valuggf{nandsubsequentlyB. The B value, along with

I and I values, were then used to calculate a new value of
SCA back

I This sequence is shown in the list of equations below,uncoll.

in [I(0)/I (0)]f

U (0) = pf - (of - o ) in [I (0)/I (0)] (0-b
. c g

g f

n(0,E)-p(E)X(0)+(y)f(E)5(0)X(0)+p(E)X(0) (B-7)p p c f a a
.

n (B-8)B=Cy+C2

I (B-9)Iback = C3+C4 SCA

90010508
t e

g
I

$4

B-5



I ~I
mix SCA back

I(0) =_ luncoll " 8
-- (B-10)

where

are the linear attenuation -

u (E), pa(E) =
p

coefficients for the pipe wall
and air at an <; erg: of .

17.8 kev
are the path lengths at theX (0), X (0), X (0) =

p f a
angle 6 within the pipe,
fluid, and air, respectively
is the mass attenuation(u/p)f(E) =

coefficient for the fluid af
an energy of 17.8 kev.

This iterative procedure was considered complete when successive

values of l did not differ significantly i.e., when th.:uncoll
old new 1/2

(guncoll ,guncoll 3

old new <i was satisfied.'relation Iuncoll _ guncoli
( c

t /
In this relation t is the counting time at each position. A

c
typical printout of data from the data reduction program is shown in

Table B-1. Values of raw, and uncollided count rates, along with
chordal-average density, are shown at each value of detector azimuthal

~

position.

90010509
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TABLE C-1

TYPICAL PRINTOUT FROM DATA REDUCTION PROGRAM

- .________ __. ___

Data B Scat-%
Pos i t ion IscA, Converted Ih 3c q tering Average
Angle of Rae % to MCA Back- Buildup Uncoll Chrodal Position
Det. Dath Loss Equivalent 2 Ground Factor Data

'

Densitz)
No.

(degrees) (rQ)a (c/s) (c/s) (c/s) (gm/cm

$_

=
. _ _ _

-

12.67 9968.5 0.00 9976.3 1518.4 0. 000 0.05 0.000g i

16:11 1111%:'2 8:38 hl!"i:t lif8:4 i: lif 9879: :fif65 3

i:ll lifil:! |:3 clift:1 1*'5t:: 1: i n n8e88:: : Si2 3
6.64 13668.2 13734.0 1995.7 1. 569 1097.7 860 6

2:1! 1 lli:4 8:| 1:111:1 182!:4 !: 122 1128!: : l's e ;
. .

I:lf ltiti:t :38 ittil:1igT8:i 1:8!!! 11138:1 : It! 13
.60 14185.3 14259.2 2 62.3 1.0565 11536.0 790 11. .

.60 13969.1 14039.7 2034.5 1.0567 , 352.0 838 12. .

-1.81 13619 0 13684.0 1989.3 1.0571 054.7 .0007 b3. < ,

-3.02 13142.8 13159.8 1922.7 1. $77 ,615.6 .1034 o*,co . <

-4.22 12574.6 o2623.3 1854.6 1. 583 a 167.6 .1153 :5: ' .'" -5.43 12011.1 .2050.9 1781.9 1. 590 689.1 .1314 16.
-6.64 11334.7 .0 .1363.9 1694.6 1.0598 9115.7 .1523 17
-7.85 19347 0 0.00 10360.7 1567.2 1. 61 8278.9 .1892 18
-9 05 9141.7 9136.5 1411.8 1. 63 7259.5 .2462 19.

'
-10 26 8339 6 8321.7 1308.3 1. 64 6582.5 .3024 20i .

-11.47 10862.0 10883.7 1633.7 1. 599 8719.8 .3240 21.
-12.67 15649.4 0 15746.3 2251.2 1. 549 12782.1 .3438 24
-13.88 6199.9 0.09 6148.4 1032.3 0 00 0 9. 00 0 23
-15.09 52.0 0 00 -96.0 239.2 0 00 0 0. 0.0 0 24
-16.29 46.2 0 30 -101.9 238.5 0.Ju u 0. 0.0 00 25

AVERAGE DENSITY (KGICU-Ml= 109.4 RHOC= 5.76
AVERAGE VOID FRACTION .8953 RHOF= 995 7=

e AVERAGE HOMOGENEOUS QUALITY (2)= 4.71
.

'

, ,

| C _

t o
! - a. (Counts /sec ) .
l o
j u b. To use the MCA derived scattering corrections, the SCA data must first be converted to
| an MCA equivalent. Th is is due to the slightly different energy window settings in the~

C set up of the SCA and MCA.

c. For pos itions 1, 2, 23, 24, and 25 the x_ ray beam was partially or completely within
the pipe wall and therefore densities were not calculated.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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