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1. INTRODUCTION Y DTRA

Phase Il of the LOFT Test program in Germany, consisted of
two-phase flow calibrations in the three-inch pipe. The instruments
intended for calibration were the LOFT Modular Drag Disk Turbine
Transducer (MDTT) and a three-beam gamma densitometer. The DTT is of
the modular design and is representative of the type to be used in the
LOFT L2 (nuclear) series. The test section provides free field
calibrations; that is, the DTT is smailer than the inside diameter of
the test section. The gamma densitometer is a three beam unit
representative of the configuration used in LOFT, but modified to fit
on a smaller pipe.

The experiments are a continuation of the experiments reported in
Volume I.

Data were obtained in a three-inch schedule 160 pipe in steady
state flow. The major objectives of these tests were:

(a) Obtain comparison performance data for the Modular vs the
original plenum design DTT instrument.

(b) Determine if the stiction in the LOFT modular drag disc was
less than in the previous design.

(c) Provide wider data base for the experiments reported in
Volume I.

In addition to the instruments being tested, a three-beam gamma
densitometer of the LOFT type was built to fit three or four inch
schedule 160 pipe.

This report contains the experimental test description and the
horizontal performance calibration data of the LOFT piping mass flow
instrumentation. The testing was performed in the
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| | FK 2784
Kernforschungszentrum Karlsruhe (KfK) facility at Karlsruhe, West KFK

Germany, in February 1978. .

2. TEST PROGRAM SUMMARY, TEST LOOP DESCRIPTION,
INSTRUMENTATION AND DATA ACQUISITION

Four test series were conducted; two with the MDTT at nominal
pressures of 15 and 40 bars and two with a plenum DTT at nominal
pressures of 15 and 40 bars. The reference mass flow rates were
measured with orifices in single phase flow before mixing. In some
experiments, radiotracer measurements were available which were able
to measure the velocity of each phase, and in combination with the
reference mass flow data, are capable of providing an estimate of the
void fraction. A scanning (vertically traversing) reference gamma
densitometer was used to provide void fraction distribution data.

2.1 Test Program Summary

The DTT (Drag Disk Turbine Transducer) testing at GfK in
February, 1978 consisted of both single-phase calibration and ‘ .
two-phase tests. The tests included an experimental modular DTT

design of the type used in the L2 series and a production plenum DTT

design of the type used in the L1 series. The turbine in the

experimental MDTT failed early in the testing. The failure appeared

to be an open circuit in the ECT (eddy current transducer) resulting

in no signal from the turbine. The open circuit in the ECT was

pressure sensitive and apparently closed at lower pressures, and

subsequent experiments invoiving the modular DTT transducer were

conducted at 15 bars instead of 40 bars after the failure of the ECT.

Lowering the test pressure to 15 bars resulted in obtaining eleven

(11) additional two-phase test points with the modular DTT completely

functional. The ECT then failed completely. Testing continued with

Just the drag disk unit of modular DTT functioning until a temporary

shutdown of the test facility allowed replacement of the experimental

MOTT with the fully functional production plenum DTT. The data on the
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drag disk of the MDTT is a completely different design than the KEK 2784
production unit. These tests showed that there was considerably less

stiction in the modular drag disk than the plenum unit. Due to the

different ranges of the DTT's, the modular DTT has a drag disc of

1.52 cm (0.6 in.) in diameter and the production DTT has a drag disc

of 0.76 cm (0.3 in.) in diameter.

The three-inch test section was instal]ed and initial instrument
calibration was accomplished on February 10. 1978. On
February 22, 1978 the MDTT (Serial Number EXP-M-1) failed. The plenum
DTT was installed on February 23, 1978, and testing continued with
this unit until the final day of testing which was February 27, 1978.

2.2 Test Loop Description

A schematic of the facility is shown in Figure 2.1 and
Figure 2.2. The facility is capable of either air-water (low pressure
and temperature) operation or steam-water (high pressure, high
temperature) operation. Different supply lines are used for the
air-water system than for the steam-water system but the same mixer

and test sections (described 71ater) are used for both. The air-water

system is supplied by a high volume water pump and four air
compressors. After the air-water mixture goes through the test
section, the individual phases are separated with the air being
exhausted to the atmosphere and the liquid being recirculated. The
steam-water misture is supplied by two boi]ers.' Two methods of
operation are available. In the first, termed mixing runs, either
boiler may be used to supply the steam. In the second method, either
one or both‘boilers may be used to supply high pressure saturated
1iquid which is then flashed to a steam-water mixture. The mass flow
rate through the test section can be controlled by the pump speed and
air compressor control system in the air-water operation and by the
boilers in the steam-water operation. Additional control is achieved
in the steam-water operation by use of the boiler bypass.
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KFii 2784
For air-water flow testing, the published maximum Toop capability
is 30 kg/s water and 1.0 kg/s air at a pressure of 4 bar. Operating .
pressure can be increased to 10 bar at reduced maximum flow. For
steam-water testing, two steam generators are used. The lower limits
of flow are approximately 0.164 kg/s for water and 0.024 kg/s for
steam at 25 bar pressure. At Tower pressures and flows, accuracy of

flow measurement decreases. With both steam generators producing
steam, the upper. flow limit is 3.75 kg/fs. With both steam generators
producing hot water, the upper limit is 5.5 kg/s. Throttling of the
hot liquid alone can be used to produce qualities up to 20 percent.
The flow rate capabilities versus quality are shown in Figure 2.3.

The two-phase loop consists of air-water and steam-water supply
sections, mixing section and test sections. The reference flow
measurement orifices are installed in the supply sections before the
phase mixing.

2.2.1 Air-Water Supply Section. The schematic diagram for the

air-water supply 1ines is shown in Figure 2.1 and Figure 2.4. Both
the air input section and the water input section have three orifices
with different measuring ranges. Both "A" orifices remain fixed, but
the "B" and “"C" orifices are interchanged. The dimensions of the
pipe, orifices, the discharge coefficients of the orifices, and the

thermal expansion coefficients of the orifices are given in Table 2-1.

2.2.2 Steam-Water Supply Section. The schematic diagram for the

steam-water supply lines is shown in Figure 2.2 and Figure 2.5. There
are tow boilers; the Henschel Boiler and the Benson Boiler. For
mixing runs, either of two combinations may be used: NW65 (steam line
from Henschel) and NW50 (water line from Benson) or NW100 (steam line
from Benson) and NW32 (water line from Henschel). For throttling
runs, the water lines from both boilers, NW50 and NW32, are combined.
The dimensions and coefficients of the pipes and orifices are given in
Table 2-2.
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TABLE 2-1
DIMENSIONS AND COEFFICIENTS OF PIPES AND ORIFICES FOR AIR-WATER SYSTEM .
ORIFICE D d Cd €
Air A" 4.,2165 1.4992 0.6132845 0.9785
Air "B 2.0157 0.74567 0.6196883 0.9783
Air- gy 2.0157 0.3752 0.6113050 0.9789
Water "A" 4.2165 o 2.3445 0.6444408 1
Water "B" 2.0157 1.1618 0.6560336 1
Water "C" 2.0157 0.6000 0.6148216 1
D - Pipe diameter, inches ‘
d - Orifice diameter, inches .
Cqg -~ Discharge coefficient, function of Reynolds number
€ - Thermal expansion correction factor
Mass Flow Rate
W = Cq €2 Ay o 28PJp
where
Ay = d214, orifice area, m?
o = density, kg/m3
Ap . = pressure drop across the orifice, N/m2

10
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| TABLE 2-2
| . DIMENSIONS AND COEFFICIENTS OF PIPES AND ORIFICES FOR STEAM-WATER
« ORIFICE - SN D d Cd € €]
NW 65 - SN 13696A 2.681 1.098 0.6127 1 0.0000116
NW 32 SN 13694 1.291 0.5906 0.6205 1 0.00000705
NW 100 - SN 13697A 3.917 1.7343 0.615 1 0.0000187
NW 50 - SN 13695 2.004 0.9043 0.6165 1 0.00000966
D - Pipe diameter, inches
d - Orifice diameter, inches
Cqg - Discharge coefficient
€ - Thermal expansion coefficient, ¢ =eg +e1 + T

where T = temperature in2 OF

11




2.2.3 Mixing Section. Figure 2.6 shows the mixing section.
Mixing of the phases is accomplished by means of a perforated tube.

This tube has a wall thickness of 3 mm and contains about 600 drilled
holes (diameter 2 mm) which are inclined slightly in the direction of
the flow. For some tests, these holes were partly closed by a sleeve
‘to make sure. that even at low volumetric flows the pressure drop
across the holes was big enough to ensure stable behavior of the
mixing chamber. There are two methods of operating the mixing
chambers. In the first method, steam flows through the center pipe
and water is injected from the outer annulus into steam. In the
second method, the mixing chamber is revolved by 180° so that water
flows through the center pipe and steam is injected into the water
from the outer annulus. The first method of operation may be used
with other inserts for special purposes. For example, another insert
is available to help promote a well developed annular mist flow in the
test section. For the testing reported here, the second method of
operation was used where steam is dispersed into water. This method
of operation allows a closer approach to steam-water thermal
equilibrium at the mixing chamber outlet,

There are two mixing chamber inserts available with outlet
diameters of 50 and 80 mm. Between the mixing chamber outlet and the
test section entrance, a connecting pipe (length 1.36 m; diameter 50
and 80 mm) which contained the junction to the bypass was positioned.
In all the tests reported on in this volume, the 50-mm mixing chamber
and 50-mm connecting pipe was used. ’

2.2.4 Test Section. The exit from the mixing section is 50 mm
or 80 mm pipe. The three-inch test section is shown in Figure 2.7.
The total length including adapters is 649 cm. The first and last
sections adapt the 80-mm pipe to the three-inch section. The second
and third pipe sections contain the radiotracer injectors and
detectors and two fixed impedance probes. The fourth pipe section
contains two gamma densitometers. The first is the LOFT three beam
system. Because of support interference, the densitometer was mounted

LTR L0-00-80-113




Dempt; Lutt (Wasser)
steam, av {woter

Nw 8O
(e T S s e
o i L b " K

{ '
L_L__.‘.‘\ : P et
% 4
N N ./
[ E—y
d !
f S
< S
' \
B \

w

: s
iy it H =
| M ’ boye “V"“s
e el :;w—'—}". : 1 //’4' ' .O - : } 2 I
; - \ : ; i |3 © P S
. /,M——\\\\‘ ; 1»_- : L ~ b4 f L*-,.JJ | ‘o . SN
T . | i
P ——g B SUU oo, - Y \\ ; | . Yeststrecke
R S, | T T s s e ibon
. . . i ;
) * L o ELLTJ.A , ‘ ! i Nw80rso
A eV B Ty s s =
! SN / ! — Ty - e
/ {" ! ; \j ! 1 S
! l" i \\_"I - V‘A i - A " . - .
A i t F :j
Cod . i< e ' é i
. @ ‘ (’\ y ""‘—-‘——"“ l‘ /,’. - ) i
N v \‘;; i ‘-3. \ t { Joi
‘\%-——) 3

Wy <
Ay .
=\ SN
\:\ - ~\\
AR '
\ V¢
Y I
B
! P
. b
| f ! ! P
S S O O P
WNW 60

wasser (Damg! Luft)
water {steam air)

890

o
-~
e

L

€11-08-00-01 Y17

Figure 2.6

Mixing Section

=
——
gb




158 cm '
£8.58 cm

37.1 cm ;
27.64 cm ! 3?;1 cm 2784 cm
143.28 cm--——=4=—-143.28 cm ————147.85 cm , et L i
. . Radioactive
Radioactive tracer tracer Gamma Radioactive
injections detectors densitometer tracer

detectors

Pl

0\
=

[«
L

Fieﬁ k»rI._mL.n_aJC

Pipe
. Drdg-disc turbine
Lead shield outsr
shie diameter . OFK - transducer (S/N 16)
Pipe impedance ] ,
inner diameter 5.0 ¢cm 7.62 cm probe Scanning INEL-A-11 456

densitometer

4
i

V8¢ M4
€11-08-00-01 ¥17

Figukrre 2.7 LOFT Three Inch Test Section




LTR LO-00-80-113

A

upside down on the test section. The second is a scanning reference i e
densitometer which was intended to supply the density distribution

information on the three-inch pipe. The next three sections house the

DTT and consist of the same three inch to five inch adapters used on

the five-inch pipe and the DTT spool piece. A pipe insert has been

added which keeps the internal diameter through these test sections

the same as the rest of the three-inch pipe. A radiotracer detector

is p]aced on the last section of three-inch pipe. Another is placed

on the 80 mm pipe which should give further information on change in

void fraction through a contraction.

2.3 Experimental Instruments

The advanced ‘instruments which were used in these experiments
were supplied by LOFT, Semiscale, Institut fur Reaktor Bauelemente
(IRB), and Laboratorium fur Isotopentechnik (LIT). The advanced
instruments supplied by LOFT, the drag disk turbine transducer (DTT)
and the three-beam gamma densitometer ( ), were being calibrated in
these tests. The advanced instruments supplied by the other
organizations were used as suppiementary measurements of the two-phase
flow in the test section. The relative locations of the instruments
were described in Section 2.2.4.

A schematic of the DTT installed in the test spool for the
three-inch test section is shown in Figure 2.8. The drag disk is
installed upstream of the turbine for all of the tests reported here.
The same test spool was used for both test sections. A sleeve was
inserted in each installation so that no pipe diameter changes
occurred in the test spool. The drag disk (DD) force is measured by a
Tinear variable differential transformer mechanically coupled to the
drag disk. The turbine (T) rotation rate is measured by an induction
coil pick up which senses pasSage of the blade. Detail drawings of
the DTT are given in Appendix 7 of Volume I.

15
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: The LOFT three-beam gamma densitometer beam orientations for the =~ '--
. three-inch test section are shown in Figure 2.9. The methods of
averaging the beams to obtain an average density are also indicated in
the figure. Both a beam length weighting method and a vertical beam
span weighting method are used. Both methods usually produce similar
averages. The beam orientation desired includes one beam through the
bottom of the pipe, one beam through the center, and one beam near the
annular flow. The beam size is approximately 1.27 cm in diameter.
The source is located above the pipe in LOFT installations. It was
necessary to mount the source below the three-inch test section

because of interference between the detectors and the support
structure. The details of the LOFT three-beam gamma densitometer are
i given in Appendix 7 of Volume I.

Impedance probes were used to measure the local void in the test
section. The measurement principle is based on the different
reflections of high frequency electri wave as a function of the
terminating impedance at the open end of a coaxial line. The
different terminating impedances are caused by the different electric
losses to the two phases at the tip of the probe. Two fixed impedance
probes were installed upstream of the gamma densitometer. The probe
sensing tips were 10 mm from the top and the bottom of the pipe inside
surface, respectively.

The traversing reference densitometer supplied by Semiscale was
used on some of the experiments in the three-inch section to supply
void fraction information. A diagram of this equipment is shown in
Figure 2.10. This system uses a single source and a single detector.

The source-detector combination rotates about a fixed point at the

| source location. This instrument is intended for use in steady state
experiments. It scans the entire cross section of the pipe-
sequentially. In utilizing the scan information, the assumption is
made that the value that the densitometer reads at a given location is
constant. In actual operation, discrete readings are taken at 68
different radial positions to cover the pipe cross section. These
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values are obtained with the use of a programmed positioner which
stops at each of these positions and records a value integrated over
three seconds. The resultant data can be used to plot a beam length
averaged density versus vertical position in the pipe. Thus, it is
seen that this instrument supplies the same type of information in the
three~inch pipe that the impedance probe supplied in the five-inch
pipe. The details of this equipment are described in Appendix 7 of
Volume I.

The radioactive tracer injection technique which was used to

- measure the vapor and liquid velocities was supplied by the LIT. The
injection ports were mounted as close as possible to the upstream end
of the test section. Two ports were used to inject Argon-41 at the
center and at the pipe wall, respectively, to measure the steam
velocity. The other two ports were used to inject Manganese-56 in a
similar manner for measurement of the Tiquid velocities. A minimum of
three pairs of Scintillation detectors (NaJ) and photomultiplier tubes
were Utilized to determine the time between two detector ports. The
phase velocities were determined using the time required for the
radioactive tracers to travel between the detector axial locations,
and the distance between the detector locations. The details of the
technique is described in Appendix 7 of Volume I.

2.4 Data Acquisition

All reference values such as pressures and temperatures in the
test section and upstream of the single phase orifices, and the
pressure differences of the orifices are recorded analog by two H.u.B.
(Hartmann und Brown) 12 point printers and digitally by the KfK
PDP11/40 computer. Tne PDP1l also reports the calculated single phase
~flow rates and the total flow, and the temperature differences between
the single phase and the saturation temperature. The quality (x), the
void fraction {a), and the superficial steam and water velocities are
calculated for the condition of the test section. The reference
values for all the experiments are included in Appendix 2.

20
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The LOFT data acquisition system consisted of Bay Laboratories
signal conditioners and ampiifiers, Ampex FR 1300 analog tape
recorders, and Honeywell Strip Chart Recorders as well as all the
peripheral specialized signal conditidning and monitoring and
calibration equipment required for data acquisition. The outputs of
the Bay Lab amplifiers were also input to a Hewlett-Packard 2100
computer with data printed out on a type 33 teletype printer. The
strip chart recordings of the experimental instruments (except the
radiotracer data) are included in Appendix 4. Time averaged values of
the digitized analog data are included in Appendix 5.

21
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3. SOURCES OF RECORDED DATA

This document contains hard copies of much of the recorded data.
In addition, analog tapes are available for time analysis. Strip
chart recordings are available for all of the LOFT recorded
instruments. Calibration information is supplied in Section 5. A
summary sheet is included in each experimental section which contains
all the reference and experimental instrument measurements in
engineering units. The remainder of this section summarizes all of
the hard copy data contained in this report.

3.1 Operation Log and Set Up Sheets

This Appendix presents a log of each test as well as comments.
Reference is made to each instrument-recording set-up for the given
experiment, Setup sheets are included which relate the instrument
identification to the apparatus diagrams in Section 2 and the channels
which were recorded on the analog recorders and the strip charts. The
amplifier settings are also included.

"3.2 IRB Referece Values

The reference values of the flow rates are included in this
section. The flow rateskméaSUred in each supply line are presented as
well as the fluid conditions such as supply line pressure. The total
mass flow is presented as well as the quality (uncorrected for heat
loss),. the void fraction (without slip), and the superficia1
velocities in the test section. The analog signals are reported by
two 12 channel strip chart recorders.

3.3 Instrument Calibration:Data

This appendix lists all the calibration data used and discussed
in Chapter 5,
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3.4 EGuG Strip Chart Recordings (Voltages)

Strip charts are presented which Tist the most important
parameters as a function of time. The recording rate is 1 mm/sec.
This allows the determination of which quantities fluctuate with time
for a given experiment. The voltages presented may also be used to
evaluate errors inthe engineering values, Values of the LOFT three
beam densitometer, turbine, and drag disk. Strip charts of the other
recorded quantities are also -available but not included in this report.

3.5 Time Averaged Digitized Analog Data (Voltages)

This Appendix contains the voltages obtained from the analog
tapes by digitizing at a rate of 120 samples/second and averaging over
a time period of 20 seconds.
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4. EQUATIONS FOR THE PRIMARY DATA AND THE COMPUTED VARIABLES

The data in terms of computed variables are included in
Sections 6 to 9 inclusive. The first sheet of each section presents
all of the primary time average data in engineering units. That is,
calibration equations have been applied to all the voltage readings to
produce engineering units. A1l data manipulations are referred to as
computed variables and are included in all the pages other than the
first. This section describes the computation procedures used for
both the primary engineering unit data and the computed variables data.

4.1 Primary Engineering Unit Data

The first portion of these data sheets consist of the pressure,
temperaure, and reference flow rates. The second consists of advanced
instrumentation data.

4.1.1  Reference Flow Rates. The reference mass Tlow rates for
the air-water runs are calculated as described in Section 4.2.1 with

no other corrections required. On the other hand, the steam-water
mass flow rates of each phase must be corrected for phase change
effects. ~Although the total mass flow is unchanged by these
corrections, the total volumetric flow rate (or superficial velocity),
the quality (x), and the void fraction (o) are affected by them. The
method of correcting these mass flow rates incTudes the following:

(1) The flow rate and thermodynamic conditions are given at the
metering section for each stream. The liquid supply is
subcooled and the vapor supply is superheated enough to
insure that each stream is single phase through the
measuring orifice. A check is made to ascetain that
two-phase conditions are not encountered in the orifice.
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(2) Assuming that the heat loss through the piping walls and
_. kinetic energy changes are negligible, each stream is
throttled to the test section pressure (a constant enthalpy
process)

t
wl hly(Pl,Sl) = wl hl (Pt’ Sl)
My h, (Pys,) = W, hy (P, ,s5)

2 2z vzt T e v e

Where W = = mass flow rate

= enthalpy

‘. pressure

= entropy

conditions at metering section in stream 1
= conditions at metering section instream 2

N = »n T
L]

= test section conditions

(3) The two streams are mixed assuming infinite heat transfer
rate between the phases

’
Nt ht = Nl hl + Nz h2

where h{ is the mixture enthalpy neglecting the heat loss.

{4) The heat loss between orifice and test section is subtracted
from the mixture at constant pressure

860

: ¢ 0
W, h, =W h - (0.1 Tt -7°C) 3600

tt t 't

where T, - saturation temperature in °C corresponding to
Pts hy is in kcal/kg, and W, is in kg/s.

The heat loss is often a small correction.
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(5) By definition, the mass flow rate of each bhase in the test
section is calculated from the flowing quality with the

following equations except when x is outside the range of 0

tol
Wg = We X
w'l = wt (l-X)

A quality outside the range of O to 1 means that the flow
was single phase, in which case the total mass flow, wt
would represent the single phase flow rate.

(6) The flowing quality, x, can be calculated for the test
section from the conservation of energy.

W h W h (Pt) + N] h]

t't " g9 (P

)

()

Wy x hg (Pt) * Wy (1-x)i&

where hg and h; refer to saturation properties of the
gas and liquid phases at pressure P

Solving for X yields.

hy =0y

X = p——
hg - h]

The qualities reported in Appendix 2 are uncorrected for the heat
loss of Step 4. The mass flow rates presented on the engineering unit
data sheets in Chapter 7 through 11 have been corrected for this heat
loss term.
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The superficial velocities, Vs,ywhich represent the volumetric 4

. velocity divided by the full pipe area, are obtained by the equations

and

where P  and oy saturation densities of gas and 1liquid
sa :

sat t

respéctively corresponding to the test section pressure, and A is the
pipe cross-sectional area.

The vapor fraction referring to a two-phase mixture without siip
is: :

R =3 Rap

If both boilers are delivering saturated water and the steam is
produced in the throttle valves before the mixing section by flashing,
the above equations are used to calculate the superficial velocities,
the steam quality and the vapor fraction in the test section.

Table 4.1 shows a typical printout from the IRB PDP11 if one boiler
delivers water (Wasser) and the other steam (Dampf). Table 4.2 shows
a printout where both boilers were delivering water and two-phase
conditions are being obtained by throttling. The IRB output for all
experiments is included in Appendix 2.
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~ TABLE 4.1 - COMPUTER OUTPUT

STASILE VERSUCHSZUSTAENDE ERRE1CHT—(1)

RECHENWERTE

VERSNR =

7.0378
ZELT «1 0133139
P T - DT H
{ BAR) [CJ (C1 [KCAL/KG)
55.509 239, 131 3! + 363 2&6.a95
53.333 293.34¢4 2%.40 690 55
(:y,SI.OJB 262, 468 R 000 327 l30
X ALFAH
b3 ,
O.129 C.815%

ROR O,

LTR LO-00-80-113
KFk 2787

v‘

tMss53

’4.69
9998
0.000-

MP
(KA/5)

My ©

3236

300
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TABLE 4.2 - Computer Qutput forv
Throttling Runs

STABILE VERSUCHSZUSTAENDE ERREICHT’@

)

RECHENWERTE PfSS STRECKE!| :'JASSER MESS-STRECKER2 1WASSER

VERSHR = 17.0278
CEIT  allil6:2d

P T 0T H v
{unn) (C3 [CY (KCAL/KG? [Ms5] CKG/ST
inf(:%?XQ g22 -38-003; 217 487 5391:) O 95%;>
<400

208.254 ~43.223 212485 3 400, 2:929

@@=
15, 3!3 {97 .089 0.000 713.669 0.000 3838
o | D

ALFAR

O~O]Z 4
DOO?‘J 00733
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The meaning of values in the PDP-11 output is described inthe
following:

- "Stabile Versuchszustaende Erreicht" means that water is slightly
subcooled and steam is superheated so that single phase
conditions,are obtained in the orifice.

Conditions before either water orifice
2= Pressure, bar
Temperature, 9C

Subcooling, °C

5-  Enthalpy, kcal/kg

Mass flow (one or both orifices), kg/s
Conditions before either steam orifice
Pressure, bar

Temprature, ©°C

9-  Superheating, °C

10- Enthalpy, kcal/kg

11- Mass flow, kg/s

Conditions in the test section at changeable
location.

12- Pressure, bar
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13- Temperature, °C

14~ Enthalpy 6f mixture, kcal/kg

15~ Superficial velocity of water, m/s
16—  Superficial velocity of steam, m/s

17~ Total mass flow, kg/s

18- Steam quality

19— Void fraction

4.1.2 Advanced Instrumentation Data. The equation used to
relate turbine velocity (VT) values to voltages (T) for the Modular
DTT is given by the equation (VT)

n
Vp = 0.04548 [m/s] + 1.407 [ ez . vOltsturbine

Two different equatidns were used for the Plenum DTT:

15 bars e
Vy = 0.0386 [m/s] + 1.1874 [E_T_VBT?EJ - voltsgyrbine

and 40 bars m

Vp = 0.0322 [m/s] + 1.3468 [ "] . vOltspyrpine

The equation used to describe the modular drag disc output was:

“)op = -966.1 [kgmé ] + 2286.0[K—— ] vorts,

mes = volts:

(oV
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Two different equations were used for the plenum DTT:

15 bars

2 2 kg 7.
(6V9) pp = 1306.0 [kg/ms® ]+ 2593.0 [;T;gt-;;;;;} voltsy

and 40 bars

(+¥%)pp = 1299.0 [kg/ms?] + 30010 [—48——]" valtsy,

mes“s volts

, The calibration of these instruments in single phase flow is
described in Section 5.

The calibration equation for each gamma densitometer beam is
related to the voltage by a logarithmic equation of the form:

o; = X5 In (Y /volts, . 0)

and were calibrated daily.

The radiotracer technique is based upon measurement of the time
that it takes a radiotracer to traverse a known distance. Thus, the

velocity of a phase i, V;, is estimated as

D -y
it

1

v

- where D, _ p, = Distance between two detectors and t. =

2 1 i
time required for the radiotracer of phase "i" to traverse the
distance between the two detectors.

The radiotracers may be injected at a rate of 10 injections per
second so it is possible to determine the change in velocity with time.
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4,2 Computed Variables

Most of the computed variables fall into four categories: the
mass fluxes, the superficial velocities (volumetric flow rates), the

vapor fraction, and the phase velocities. Other parameters are also
calculated.

4.2.1 Mass Fluxes. The mass flux (G) can be calculated in three
different ways by combining three instrument readings of density
(ey), turbine velocity (V;), and drag disk momentum flux

2
((pv )DD)'
W
vy DD . 2
6 op =& =4°y  (Vpp
W
X _'T °
B
and
Wrp (Vg
Srpp="A =7

-

Each of these methods depends upon two of the measurements and
not the third. Therefore, if one of the methods od calculating G is
superior to the other two methods, then it can be supposed that the
two measurements involved in that calculation of G are accurate and
the inaccuracy involved in calculating the other two G's is due to the
third instrument.

The total mass flux is calculated by adding the mass flow rates
of the two phases and dividing by the pipe area. The total
steam-water mass flux can also be obtained from Appendix 2 by dividing
the mass flow rate by the area.
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The average density calculation is described in Section 4.2.3.

The beam length averaged density is used in these calculations since
it is negligibly different from the vertical beam span average.

The tabular values of the mass fluxes are given in Table 2 of
each. series, -Comparisons of each of these mass fluxes to the
reference mass flux is given in Figqures 2 to 4 of each series. The
numbers plotted on these figures and all others are the last two
digits of the Test ID.

4,2.2 Superficial Velocity or Volumetric Flux. The total
volumetric flux is calculated by adding the volumetric flow rates of
each phase together and dividing by the pipe area. This is equivalent
to adding the superficial velocities of both phases.

Two velocities are measured by the LOFT advanced instruments.
The first is measured directly by the turbine (VT). This is the
only measurement which can be compared directly to a reference
measurement. The second velocity is calculated from a combination of

the drag disk and gamma densitometer as

The tabular values of these velocities are with reference values
in Table 3 for each series. Figures 5 and 6 compare these velocities
to the reference volumetric flux.

4.2.3 Pipe Averaged Density and Void Fraction Calculations. The
average density is calculated by weighted average of the densities
calculated for each beam. The procedure recommended in the L1 series
consists of selecting between two different averages. If the density

of the upper beam is less than the middle beam and if the middle beam
is also less than the lower beam, then stratified flow is assumed.
The average to be used in this instance is based upon weighting the
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vertical component of the beam length passing through the pipe
(vertical beam span averaging). The average for homogeneous flow
regimes is recommended as a weighting of the length of each beam (beam
length averaging). Both of the beam averages are included in
Section 2.3 for each test section. Both of these averages are
included in Table 4 of each series for all data points. Since these
averages are very close, the beam length averaged density is used in
all the following calculations of computed variables. The densities
measured by gamma densitometer vs reference densities are shown in
Figure 10.

The vapor fraction in the test section may be calculated from the
densities measured by the gamma densitometer:

where °g and oy are the saturated densities of the gas and liquid
respectively.

The thermodynamic vapor fraction (or vapor volumetric flow ratio,
a flow quantity), ay, can be calculated by the equation

. - ng N e a R
T ng + VS] uTvg + (l—aJV] aa,S + (1-—&,)

where Vg and v] are the phase velocity of the gas and 1iquid’

phase. The ratio of<*3 and oy is a measure of the slip between
phases. As the slip ratio increases, the thermodynamic vapor fraction
decreases.

The vapor fraction can also be calculated from the radiotracer

velocities measured for each phase and the superficial velocity of
each phase. The vapor fraction calculated from the vapor phase is
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The vapor fraction calculated from the liquid phase is

-

sl
“r1 T 1l -y

1

=z

Agreement between<iRg and ofpq provides a measure of the
accuracy of the radiotracer velocities and the reference flow rates.
If these two values agree, then the agreement betweep oy and o,
provides a measure of the accuracy of the gamma densitometer vapor
fraction. |

Table 4 of each test series presents the comparison between these
vapor fractions. A comparison of the radiotracer vapor fractions are
presented in Figure 7.

4.2.4 Phase Velocity Comparison. The velocity of each phase can
be calculated from the superficial velocities and the gamma
densitometer vapor fractions as

v
Vv o oe-29
Y9 “Y
and
v
v =-S5t
Y1 l-a

A comparison of these velocites to the radiotracer velocities are
presented in Table 5. ‘
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The s1ip ratio is calculated for sets of velocities by the R A
equations
y
s -4
vy V
7
and
v

4.2.5 Comparisons to Singlte Instruments. Three quantities were

calculated to attempt to evaluate individual instruments. The turbine
is evaluated directly by comparing it to the total superficial
velocity shown in Figure 5.

A reference density can be calculated from reference values
assuming equal phase velocities by the equation

o = Gref"
H Vsl+ v sg
The value of the length averaged gamma densitometer density is

plotted versus oy in Figure 10.

Two different reference momentum fluxes can be calculated. The
first is obtained using only reference measurements assuming that the
velocities are equal.

(°V2)H = (B)pep (Vy * Vgq)

g

The other momentum flux which can be calculated depends upon the
densitometer measured void fraction (av) by using the definition

2— + -
DVY = (ayong) Vg ((1 ay)p]V])V]
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or

v v
2 sg s

The drag disk value is evaluated by comparing the drag disc

outputs with,(pvz)H in Figure 11 and with pVi in Figure 12.

These values are presented in Table 8.

4,2.6 The Dependence of Measurement Error On Void Fraction. The

interested measurement quantities, mass flux and velocity, is thought
to be dependent on void fraction. The deviations of the measured mass
flux and velocity plotted versus void fraction are shown in Figure 8
and 9 respectively for the turbine and gamma densitometer.

4.3 Flow Regime Determination

The flow regime can be estimated from three different techniques;
(1) a standard flow regime map, (2) the LOFT three-beam gamma
dénsitometer, and (3) the IRB impedance probe on the five-inch test
section reported in Volume I and the Semiscale reference gamma
densitometer on the three-inch test section.

4.3.1 Standard Flow Regime Map. The flow regime map used was
taken from Govier and Axix (1972:523) and converted to metric units.
This flow regime map requires knowledge of the superficial veolcities
of each phase. The coordinates of each data point are plotted on a
f]ow'regime map in Figure la in each series and the flow regime
indicated is Tlisted in Table 6.

4.,3.2 LOFT Three-Beam Gamma Densitometer Technique. The gamma
‘densitometer used in these tests provided three beams, from which
three chordal average densities were calculated. The beam
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orientations were as shown in Figure 2.9. The densitometer is

designed to clamp onto a pipe of variable diameter and was used on all
tests. The gamma source was of sufficient strength to preclude the
need for any special piping sections to lower the shielding effects of
the pipe. The chordal average densities obtained by the three-beam

‘gamma densitometer can be processed by computer to obtain flow regime

and pipe cross-sectioonal average density information.

The frequency response of the densitometer is limited only by
count rate statistics. The densitometer, as used int hese tests, was
capable of a minimum frequency response of 100 Hz. The accuracy of
the densitometer is also a function of count rate statistics, as well
as other factors. A 2¢ accuracy of +20 kg/m3 should be applied to
the data obtained with the three-beam densitometer in these tests.

4.3.3 Impedance Probe Technique. The impedance probe data on
the five-inch tests were obtained with the traversing impedance probe

which was able to give experimental data as a function of vertical

position over the whole pipe. At a given locatio in the pipe, the

probe gives the vapor volume fraction versus time. This allows the

determination of an average vapor volume fraction at that location as

well as an indication of the size of the bubbles, droplets, or slugs

passing by a point. Combining the data at all vertical positions ;
yields a good idea of the flow structure details as well as the

average void fraction over the pipe. The details of how this method :
is employed are described in Sectin 13 of Volume I. The flow regime

map obtained from this technique as well as the definition of the flow

regimes are also described in Section 13 of Volume I. Figure 1b in

each data section presents the data on the revised flow regime map.

4.3.4 Reference Gamma Densitometer Technique. The reference

densitometer is characterized by a fixed source, a small exposed
detector area, and a traversing mechanism to move the detector in an
arc about the source point {(as shown in Figure 2.10) to obtain data at
many chordal positions over the flow field. The detector was a
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liquid-nitrogen-cooled silicon semiconductor having excellent photon
energy resolution. The use of a low-energy characteristic X-ray
emitting source (Cadmium-109) was facilitated by incorporation of a
bery11lium ring between a pair of flanges in the pipe spool piece. The
22 keV X-rays provided near optimum densitometer sensitivity in the
66.7-mm doa,eter flow area of the piping spool piece. The beryllium
pressure containing ring permits use of such low-energy photons
because the ring attenuates than even less than does the contained
liquid. This arrangement also provides improved capability to
distinguish between flow regimes by means of the shape of traverse
count rate and chordal average density data.

Chordal avefage density values are calculated from detected X-ray
count rates using '

I (o)

In =——

't (o)

T (o)
In If—%g%-

where

Pcle) = chordal average two-phase mixture density at
detector position e

If(é) = X-ray count rate at e for all—liquid condition in
pipe

Ig(e) = X-ray count rate at e for ali-vapor pipe condition

I (o) = X-ray count rate at e for two-phase condition

s = density of liquid giving If count rates

°q = deﬁsity of vapor giving Ig count rates.

40




LTR LO-00-80-113

} . Kol 27p¢e
‘ 4.3.5 MWater Level Estimation. The assumption can be made that
. ~ there is a collapsed water level to estimate whether single phase or

| two phase is flowing through the DTT. The location of the water level
| can be determined by knowing the vapor fraction uy. The value of

o can be determined as

¥
- _ vapor area
%y = Total area

or

1 - L (e~ sine) i

o, =1 -5 (8- sin ‘

|

The height of the water level with respect to the bottom of the
pipe is

H = g [1-cos (§)]

The percent of the DIT height covered by the 1liquid can be
calculated by

- H=1.427 cm

P3 3.8T ¢cm

x 100 percent

These values are included in Table 6.
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5. CALIBRATION

The data in this report were taken with Modular DTT S/N Exp-M-1 .
and Plenum DTT S/N 087703. The specified limits of these instruments
are T from 0.46 to 9.15 m/s and DD from 373 to 5215 kg/ms®. The
calibration of the instruments in these devices in single phase flow
are reported in this section. There were four series of calibrations
perfomred. These are:

(1) An all cold water calibration of the MDTT.

(2) An all cold water calibration of the plenum DTT at 15 bars.
(3) An all hot water calibration at 40 bars using the MDTT.
{(4) An all hot water calibration at 40 bars using the plenum DTT.

These data are tabulated in Appendix 3. Turhine data are plotted
in Figure 5.1 and the drag disk data are plotted in Figure 5.2.
Continuous Tines were drawn visually through the test points for each
of the series. The coefficients which were used to obtain turbine
velocities and drag disk momentum fluxes from voltage outputs were
given in Section 4.1.2. These equations are shown as dashed lines in
Figure 5.1 and 5.2, respectively.

Reference instrumentation at GfK supplied by INEL consisted of
pressure, temperature, differential pressure and density instruments.
Table 5.1 summaries the uncertainties associated with this
instrumentation. Calibrations for the pressure, temperature, and
differantial pressure intrumentation were conducted at INEL facilities
prior to shipment to the GfK test facility. The gamma densitometers
were calibrated prior to each day of testing. The calibration of the
densitometer consisted of setting the gain and zero offset of each
beam such that a predetermined calibration equation was correct. The
reference conditions for the densitometer calibration were obtained by
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filling the test section with steam and then water. Shim calibrations e e
“were not used. No calibrations of other reference instrumentation

were conducted at the KfK facility.

Radiotracer velocities were also abtained.
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Instrument Type

Pressure

CEC 1000
CEC 2500

Differential Pressure

BLH 50"
BLH 20"

Temperature
Type K TC

Density
3=beam
Gamma Densitometer

~Scanning Gamma
Densitometer

TABLE 5.1

Seria] Number

2611
2613
2353
2734

42694
39192

none

none

none
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INEL REFERENCE INSTRUMENTATION AT GfK TWO-PHASE TESTS

Uncertainty*

+0.1% RD RSS 11 psi

+4.2% RD

. +0.16% RD RSS 0.07 psid

+23.9 kg/m3 single beam

~ 478.0 kg/m3 pipe average

density
about 1%

*Uncertainty is 20 limits from LOFT Experimental Measurements
Uncertainty analysis TREE-NUREG-1089

RD - Reading
RSS - Root Sum Square
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Table 6.1

PRIMARY ENGINEERING UNIT DATA

FLUlD: STEAM. ~ WATER ITHEIDE DIAMETER= @.86085 M
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Table 6.6 K Ei R
FLOW REGIME COMPARISONS DlE /i
_ - Reference
From Gamma ‘Densitometer ~ From Densitometer

RUN 1D From Govier & Aziz Flow Interface Flow Interface
TSH Flow Regime Map Regime Location{%)* Regime Location(%)*
7059 Slug Flow 100.42

7060 Slug Flow 67.75

7061 Slug Flow . 94,92

7062 Stug Flow 41.21

7063 Slug Flow 47 .32

7064 Stug Flow -

7065 Slug Flow : 64.74

7066 Elongated Bubble 113.01

7067 Slug Flow , 61.72

7068 Slug Flow 36.44

7069 STug Flow ' 10.34

7076 STug Flow ; 101.84

7077 Stug Flow o 70.74

7078 Stug Flow : : 51.26

7079 STug Flow 32.14,

7080 Stug Flow 20.37

7081 Stug Flow . 7.25

7082 Slug Flow 24.93

7083 Elongated Bubble 115.01

7088 Slug Flow 57.81

7089 -~ Elongated Bubble 103.93

7090 Slug Flow ' 66.46

7091 Slug Flow 27.88

7092 Slug Flow 15.08

7093 STug Flow 40.78

7094 Slug Flow 61.72

7095 Elongated Bubble ' 122.62

*Pipe Empty:
Pipe Full:
Bottom of DTT Housing: 1.4275 cm liquid Tevel is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%

0.0 cm liquid level is -37.47%
6.665 cm liquid level is 137.47%
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Mass Flux Calculated from Densitometer and Turbine Measurements

2
Reference Mass Flux Gref (kg/ms)

Figure 6.2

Mass Fluxes Calculated from Gamma Densitometer and
Turbine Measurements at Different Reference Values
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Mass Flux Calculated from Densitometer and Drag Disc

2
Measurements, G _pp (kg/m~s),
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Figure 6.3 Mass Fluxes Calculated from Gamma Densitometer
Drag Disc Measurements at Different Reference Values
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Mass Flux Calculated from Turbine and Drag Disc Measurements

R
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Reference Mass Flux, Gref (kg/m~s)

Figure 6.4 Mass Fluxes Calculated from Turbine and Drag Disc
Measurements at Different Reference Values
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Velocity Measured by Turbine, VT {m/s)

Reference Volumetric Flux, Vsz + ng (m/s)

Volumetric Fluxes

Figure 6.5 The Velocities Measured by Turbine at Various
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Velocity Calculated from Drag Disc and Densitometer Measurements

Vpp-y (W/S)

Reference Volumetric Flux, V52+ ng (m/s)

Figure 6-5 The Velocities Calculated from Drag Disc and Densitometer
Measurements at Different Reference Volumetric Fluxes
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GAMMA DENSITOMETER VOID FRACTION o

Figure 6.8 Error in Gamma Densitometer - Turbine Mass Flow Calculation
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Table 6.8 ,
SINGLE INSTRUMENT CALCULATIONS

FHASE 11 - MODULRRE DTT
3 IHCH 15 BRRE
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Momentum Flux Measured by Drag Disc, (pV )DD(kg/ms )
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Table 7.1

PRIMARY ENGINEERING UNIT DATA

FLUID: STERM - WATER THSIDE DIAMETER= 8., 88865 N
FIPE SIZE= 3 IMCH SCHEDULE 1£8 TURE. DIAR.= &.68321 M
HOMIMAL PRESSURE= 48 BARS . FIFE AREA= @.9034857 M2
PHASE 11 -~ MODULRR DTT . .
) GHEME DEHSITOMETER ERDIGTRACER
FLOW RRTES DEAG B BERM B BEAM C BEAN  “SURH VELOCITIES
FUH ’ STERM HATER UPFER MIDDLE  LOMER  DEMZ  ZTEAM  KATEER
I PREES. e SUHP-VEL MASE SUR-YEL 1A ’ ChRGe o TEGS RS .

kG EG o
TSH (BARSY ¢ (MoBY RGOS M3 NP BTN

e

e
mm
ooy or
D R
v

= -~
-
2.

7E35 42,3 253.5  £.05 @.158
THIE 42,7 254.3  1.92 B.148
7A37 42.1  253.5  1.28 0.896
TE3E 42,8 253.5  0.9F 0,008
TAI 4.8 253.5  1.57 B.117
TE4R 42,3  253.5 2,99 @.EE2

dash indieates errvor in data
b1ank indicates no data
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Table 7.2
MASS FLOW RATE COMPARISONS '

PHASE II - MODULAR DTT
3 IMCH 4B BRR

FUN GDOT o GDOT GIRT LROT
1D REF L=-T G~DD T-1l

TEM (KGo/MT2#5r CRG/MPZEE: (HGSMPEZx80 (RGPt

143

Fioe]

: .

TA3IS  1@zd.427 1158, 222 202,841 BE4, 817
TA3s 18%2,.8%35  11FV1.7VE 1894, 157 g2l 57a
TE3T  1184.872  1118.74%9 blad, 222 1130412
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Table 7.3
TOTAL VELOCITY COMPARISONS

FHRSE II - MODULAR DTT
3 IMCH 48 BRE

FLUM TURE, WEL .
1D MEL+YER YEL L~
TEH (a8 (S CRsE D

T35 2.189 2681 2.
vRIE 3.237 2.491 2.
va3v 2,678 1,945 1
raza 1.417 l.dgdq i,
rB39 Z.384 2,344 2
cE48 4,258 3,889 o
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Table 7.4
VOID FRACTION COMPARISONS

PHRSE II - MODULAR DTT
3 IMCH 48 BAR

DEMSITIES (KG MTE)

YERT RAYG  LEHN RAVE  SCAM ALFHA
GRMMA LAMMA DEHS GAMMA
CLEMY

427 .48 432,81 289,83 B4
4E5,59 476,48 338,82 G, 4
SEE, 36 STZ.99 488,27 @, 2
TH1.47  TH54.81 658,325 @,
471,68  475.75 o4
368,48 3ed, 51 (S
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g

VEPOR FRECTIONS |
ALEHA BLEHE  RADIOTRACER .

SCAM THERMO YAFORE FRACTION
DEHE STEAN WATER

g, 85 B.97
/.39 B.59
@.51 B.48
d.17  8.82
T
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Table 7.5
PHASE VELOCITY COMPARISONS

FHASE 11 - MODULAR DTT

3 IMCH 46 BRE
FUM WoOGHS VOGRS W LIf., N LIn, SLIF SLTP
In » LEMS EADIO & DEMS RADIO L DEHE EADTO

TEM Mg LR PSS

33

FEZD 4,453 d.118 39, 97
FEIE 4,632 224 2, B
FRAT 4. 544 1,935 Eppc B
FEIS 8,597 1,456 d.4 18
vRE 384 Se2l4 FcEs
TE48 2. 48 Z.818 71
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Table 7..6 LB
FLOW REGIME COMPARISONS

, Reference

From Gamma Densitometer From Densitometer
RUN ID From Govier & Aziz Flow Interface Flow Interface
TSN Flow Regime Map Regime Location{%)* Regime  Location(#)*
7035 Wave Flow 53.44
7036 STug Flow . 62.15
7037 - 81.58
7038 Slug Flow 120.61
7039 Slug Flow 62.15
7040 STug Flow 42.95

*Pipe Empty: 0.0 cm liquid level is -37.47%
Pipe Full:  6.665 cm 1iquid level is 137.47%
Bottom of DTT Housing: 1.4275 cm Tiquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid Tevel is 100.0%
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" Mass Flux Calculated from Densitometer and Turbine Measurements
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Figure 7.2 Mass Fluxes Calculated from Gamma Densitometer and
B Turbine Measurements at Different Reference Values
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Fiqure 7.3 Mass Fluxes Calculated from Gamma Densitometer and
Turbine Measurements at Different Reference Values
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Figure 7.4 Mass Fruxes Calculated from Turbine and Drag Disc
Measurements at Different Reference Values
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Velocity Calculated from Drag Disc and Densitometer

(m/s)

Measurements, VDD-Y
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Reference Volumetric Flux, Vsl + ng (m/s)

Figure 7.6 The Velocities Calculated from Drag Disc and Densitometer
Measurements at Different Reference Volumetric Fluxes
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Table 7.7
ERROR CALCULATIONS

CPHASE 1T ~ MODULAR DTT
3 IMCH 4B BRE

GDOT-GROT
ALFHA =T REF WT = WS+ EG D
GAMMA  CEGoMTZes] i e

5 3 123,808 B 57
gl FaLas -, 75
Boze 12,68 ' IO
0, a5 -7 88 GRS
a,41 A, 41 - Bl
8,55 add, By e SEC R
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Figure 7.8 Error in Gamma Densitometer - Turbine Mass Flow Calculation
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Table 7.8
SINGLE INSTRUMENT CALCULATIONS

- MODULAR DTT
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Momentum Flux Measured by Drag Dise (pVZ)DD (kg/msz)
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Table 8.1
" PRIMARY ENGINEERING UNIT DATA

FLUID: ;
FIPE 51£E= 3 INCH SCHEDULE 169 TURE, DIf.= @.8321 v

STERM. ~ WATER INSIDE DIAMETER

HOMINAL PRESSURE= 135 BARS PIPE AREA= 1,8
PHASE I -~ PLEMUM DTT

: GHMMA DEMSITOMETER

. FLOW RERTES HREG A BEAM B EBEAM C BERNM

RUN STEAM "URTER - TURE. DISK BPFER MIDDLE  LOMWER

IV PRESS. TEWP. SUP-VEL HMASS SUP-YEL MAZES WEL O PR P CRGS ChGe

TSN C(BARS) (DEG €3 (HMe5d (KGOS CHAS 0 CEGSSH CReSh MEEt2

182 15.3 287,59 2.13 BA.ecsy 1.o80 4,721 a4z 2533 377 Fid
T102 16.9 28z.9 g.52 B.614 1.59% 4,887 .62 26840 RS Gl
7i@ad 17,5 2az. 9 1.31 8.a48 1.584 4,7de 210 2441 4ek T
7183 16.4 199.3 .24 B.891 LEES 4,713 3,88 Slea E15 0
Ti9& 7.7 282.5 8.2 B.274 1.281 4,872 F.1% 4117 lel,

dash indicates error in data
blank indicates no data

RADIOTRACER
YELDCITIES
STERM - WRTER
CMEY Mg
CHTOGARMA DEMZD
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Table 8.2
MASS FLOW RATE COMPARISONS

PHASE I1 - PLEML
3 IHCH 15 BAR

M OTT

IS II l:l T G I! 1 T G noT : 3 oT
REF G=T , G-I T=IT

TEH CRG-MTE2%E) CRGOMPEEE) (KGO MTZ#E CRGoMTZes
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Table 8.3

TOTAL VELOCITY COMPARISONS

RN
1n
TEH

ez
r1ies
7iad
v18s
rlas

FHAZE TIT1 - PLEMUM DTT

2 IMCH 15 EAR

TURE. VEL.
WEL+YEG YEL 0o

L EaR LS CHeE
F.F1E 2. 428 2,251
20121 l.gzl 1.ave
3. 897 2. 181 2,815
4,882 J. 834 . TEE
18,832 fal32 I
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Table 8.4
VOID FRACTION COMPARISONS

PHRSE 11 - PLEMUM DTT
3 THCH 15 BAR

b

DEMSITIES CRGAMTED VAROR FRACTIONS
FLH .
IT  WERT AMG  LEM RAYG  SCAM ALFPHA ALFHR HLFHA RADIOTEALCER
TEH  GAMMHA LHMAMA DEHE GAMMA SCAN THERMO VAFOR FRACT IOM
' CLEMY DEME STEAM HMATER
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Table 8.5
PHASE ‘VELOCITY COMPARISONS

FHRSE TI1 - PLEMUM DTT
3 IMCH 1S5 BAR

FLH WoGHE ¥OGRS N LIa. % LI, sLIF =
ID . DEMS  RRDIO G DEMS RADIO L DEMS R
TEH IS L R LR R g
‘ |2
' ri|s
. , Figd
ri@s

Tlee

—
DS R o 11
" E £ 3 E 3 ®

SN S LA <A ]

ed ok Pl Oy e
L = @

-1 e
RS I LN RN TN 4 )

N % I 2% ISV O]
ot Tl Ty
Iy = 0Ty
O f ol 25 0

R BRI R Ry N oY ]
G Lk [

pary

«}

8-7




LTR L0-00-80-113

8.6
Table | KFK 2784
FLOW REGIME COMPARISONS
: Reference
: : , From Gamma Densitometer From Densitometer
RUN 1D From Govier & Aziz Flow Interface Flow Interface
TSN Flow Regime Map Regime Location(%)* Regime Location{%)*
7102 Stug Flow 61.72
7103 Stug Flow 120.61
7104 Stug Flow . 78.70
7105 Stug Flow . 49.07

7106 Stug Flow 26.19

*Pipe Empty: 0.0 cm liquid level is =37.47%

Pipe Full: =~ 6.665 cm liquid Tevel is 137.47%

Bottom of DTT Housing: 1.4275 cm liquid level is 0.0%
Top of DTT Housing: 5.2375 c¢m liquid level is 100.0%




Mass Flux Calculated from Densitometer and Turbine Measurements,

vy
N
=
S
2
= g0
I—-—
1
>—
[&>]
400
04 a6 sl 1200 600 2000 2400

2
Reference Mass Flux, Gref (kg/m"s)

Figure 8.2 Mass Fluxes Calculated from Gamma Densitometer and
Turbine Measurements at Different Reference Values
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Mass Flux Calculated from Densitometer and Drag Disc Measurements,

6y-p(k9/ ’s)
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Figure 8.3 wmass F?uxes Calcutated from Gamma Densitbmeter and
Drag Disc Measurements at Different Reference Values
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Mass Flux Calculated from Turbine and Drag Disc Measurements,
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Figure 8.4 Mass Fluxes Calculated from Turbine and Drag Disc

Measurements at Different Reference Values

€11-08-00-01 H

3

¥
“




LTR L0-00-80-113
: KEK 2784
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Volumetric Fluxes

The Velocities Measured by Turbine at Various

Reference Volumetric Flux, Vsz

Figure 8.5
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Velocity Calculated from Drag Disc and Densitometer Measurements
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Figure 8.6

The Velocities Calculated from Drag Disc and Densitometer
Measurements at Different Reference Volumetric Fluxes
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Table 8.7
ERROR CALCULATIONS

PHASE 11 - PLENUM DTT
3 INCH 1% BAF

RUH GOOT-GOOT
1D ALFHA  G-T REF  WT-0MSL+VEGD
TEH CRMMA  CEG/Mt2E$Sy 0 OMeS
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Table 8.8
SINGLE INSTRUMENT CALCULATIONS

FHASE 11 - PLEWUM ITT
2 OIMCH 1S BAR

RUM  LEM AVG GDOT-oWEL+VEGEY DRAG CODOT oSSV EG Ty  SRUM MYV
D GRMMA  REF DIk REF ALEHA Y SHEER

TEM CRGSMTEY WM ED DRGAMESTE CEGeMEn T LE o TeDT I

g

v

Tie2 511,76 369,71 2593 SIEEE I a711. 88
Tien  gZz.ge B51.49 a4 290A.82 RS
Figd  BHl.4l 443, B8 2ed ] 4 S ER R
7lan 432,38 2. 74 sles B ge Gedz, By
Flie  291.14 123,55 2 i So0lp.E2
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Table 9.1
PRIMARY ENGINEERING UNIT DATA

CELUID: STEAWM ~ WRTER IHZIDE DIAMETER=
FIPE SIZE= 3 INCH 2CHEDULE 1c@ TURE., DAL= E ;
HOMIMAL PRESSURE= 48 BRRS - FIFE FRER=

FHASE I1 - PLEHUM DTT

TOHETER

HN 0 BEMM
LHQER

FLOW RATES ' DEAG
FUH _ STERK WATEF TRE, LISk
1D PRESS. . TEMF. SUP-VEL MRSS EUF-YEL MAS VEL (G
TSN CBARS) (DEG € (o8 (KGATH 5 . PN MESTR

!,.‘..

7119 48,5  246.8 0,58 9,958  1.579 2

71200 41.6  243.1  B.3%  B.EEE  1.649 z

7121 48.9 243.8  1.3% 8,182  1.634 ;

7122 2g.9  242.7 .44 B.15 1,569 A

V123 3v.2 i T S B | 1.843 “.

fioe anle e DI BN Dhee g

P19 38.9  244.2 3.7 @257 1,00 4.5

7136 3502 237.3  4.87 8.235 1.0 5

7131 44.4  249.9  1.27 G.@eg  1.1° 2

2132 41.9  247.8  @.64 B.B45 1.0 i

7133 44.8  251.3% 8,25 B.B3@ 1.0 1.

7134 46.8  252.8  @.12 @.012 1.0 1.

7135 43.3  258.3  0.10 @.821 0.7 a.

P13 418 E44.9  B.2d BolT D 0. :
7137 38,3 44,2 p.7S 6.050 b i 4
TIiEE 2709 242,08 1,27 @.8a84 £ 1. Az

dash indicates error in data
blank indicates no data
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Table 9.2
MASS FLOW RATE COMPARISONS

FHRSE 11 - FLEHUM DTT
5 IHMCOH 48 BAR

RUH GDOT GoOT S GDOT GnOT
ID ~REF =T E-DD o T-DD
TEN CKG/MTEEE) CHG/MtEeEd CRG-MPZeS) CRGMTZezd

H

N 2

241

Tl 127V 7e7 1285,143 11584, 153,881
Fiem 13210333 126R.363 1212. 82 1161, 542 .
Ti2l 1EmE, 225 1340.796 1119845 AR S0E
TLE2E 1o0d4, FEe 1393352 19, 98: aEd, 185
T123 SR, 680 1728, 943 tad2 949 o R Lo
Ties SR EEE  ZR23.TIE ETEL.E1E SRR DR
Fiz249 96,844 1485, B8 TlE. 028 AE2, BEA
138 FE2 E48  1ERI, e raledE S EE
i3t Q48,984 10828, 228 TIF. 418 s B
713 BEACTEE mog.aesz Ted.ans gk 15 PR 3
Y13z BT@TeR HEy .88l ?93.?&& e R e
TiEd EHeL, 598 HET . 47 BEd, BT Ple. I
T1as SR B4 B53.925 4J1.u5u R A e
Tias gla. 514 E3T.E4% 45,379 e R e
T137 ER1LETT B17.961 471, @as il P Bea
Fi3E V29,458 724,595 Faadzs Top 2en




~ Table 9.3
TOTAL VELOCITY COMPARISONS

PHRSE I1 - PLEHUM TTT
3 INCH 4@ BAR

’ TURE. YEL.
1D MEL+YEG VEL no-G
TEM Mog L g L g

7114 &.881 2. RES g
rlza 2.BE9 2L Ega 1968
Tiel I P 2 BTE Y
Tigz  3.98% 3477 pLTRR
Tlz3 e o SCh e aeald
: riza 2991 Selmg 1.71a
7l22 4,783 4,873 2L A9E
7138 584 5,509 ST R
7131 2. 49208 ] 1.5%97
viag o 1.72s 1.584 1275
ri3a 1,346 1.411 1.2dl
7134 1.227 1,27e leZ2le
7135 B oS PR bt LA
Flae l.081 B, 828 B, emEd
F1a87 1.579 1,818 B.7reE
Fizs 2.186 1.487 1,485




Table 9.4
VOID FRACTION COMPARISONS

PHRSE 11 - FLEMUM DTT
3 INCH 48 BAR

DEMSITIES (KG/MTI YAPOR F@HGTIDHS
FUH
1D MERT AVG  LEHM RYG ESCAH ALFHA ALPHA ALFHA RADIOTRACER
TEN - GAMMA EAMMH DEHS GAMMA SCAN THERMO YAFOR FRACT LOH
CLEMY DEMS STEAM MATER

7119 569,33 SVI.FE BEV.18 8,28 B.34 &.24
7i26  sl4.68 £18,84 5FV.E9 d.2z @.28 B.13
Tl 431,29 425,89 292,88 d.46  B,52 8.4
TIEZ 396,85 488,72 248,87  &.31 8.38 8.9
TI230 319,52 324,88 ZT7.48 B.el B.e7 B.ES
Tlas ZRE.BE 3%@, 38 222,735 g.52 @B.el 8,83
TI29 295,25 208,60 238,23 @.E4  B.TEOB.YD
Tiag o 265,1% 0 2eV.4e 220,84 BoED  BL73 0 B.23
Ti31 0 444,33 449,12 384,48 P T N R 5
T132 0 584,14 562,32 497,57 .29 B, 38 @.37
7iad  AZELAE EE2R.83 SBe.33 g.21 B.22 B.19
7134 58,28 651,42 EBe.97 g.16  @8.12 8.11
T35 EV9.82 6BE.DBE g72.84 B.14  A.14 @1t
T3 B4T. 22 BSH.T9 547,91 #.18 B.19 @.:z4
F1aT eBZ.ed  S87F.83 549,11 B, 25 B.32  8.47
TIEE 482,62 4B87.29 426,78 .48  @.42 8,59
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Table 9.5
PHASE VELOCITY COMPARISONS
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RUM ¥ GRS ¥ GAS ¥ LIG. v LI@.  SLIP SLIF
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LTR L0-00-80-113
Table 9.6 AP 2784
FLOW REGIME COMPARISONS

: Reference
: From Gamma Densitometer From Densitometer

RUN ID  From Govier & Aziz Flow Tnterface Flow Interface

TSN Flow Regime Map Regime Location(%)* Regime Location(%)*

7119 Slug Flow 81.58

7120 Elongated Bubble 90.34

7121 Stug Flow ' - 55.19
7122 Slug Flow 49.07
- 7123 Stug Flow 34,72

7128 Stug Fiow 47.32

7129 Slug Flow : 30.43

7130 ~Slug Flow 24.93

7131 Slug Flow 57.81

7132 Stug Flow 79.94

7133 Elongated Bubble 91.89

7134 Elongated Bubble 100.06

7135 - 103.24

7136 Elongated Bubble 96.79

7137 Slug Flow 85,22

7138 Slug Flow 63.02 °

*Pipe Empty: 0.0 cm liquid level is -37.47%
Pipe Full: 6.665 cm 1iquid level is 137.47%
Bottom of DTT Housing: 1.4275 c¢m liquid level is 0.0%
Top of DTT Housing: 5.2375 cm liquid level is 100.0%
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Mass Flux Calculated from Densitometer and Turbine Measurements,
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Velocity Measured by Turbine, V. (m/s)

Reference Volumetric F1ux,”VS£ + ng (m/s)

Figure 9.5 The Velocities Measured by Turbine at Various
Volumetric Fluxes
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Figure 9.6 The Velocities Calculated from Drag Disc and Densitometer
Measurements at Different Reference Volumetric Fluxes
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Table 9.7
ERROR -CALCULATIONS

PHASE I1 - PLEWUM DTT
3 OINCH 48 BAR

FLip LOOT-GL0T ,
In ALFHA G-=T. REF ¥T~ﬁ?EL+?SGﬁ
TEH GEREMMA - CRGAMT2%50 R P

Tl . o A &,
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Table 9.8
SINGLE INSTRUMENT CALCULATIONS

FPHRSE I1 - PLEMUM DTT
% IHCH 48 BRRE

FLIM LEH AVG GDOTS V’L+”ﬁGﬁ RAG R R ek =3 P =4 N1 B L O
I GHMMH - REF DIsK REF HLFHH1 HF&H
TEM CEGSHYEY CKGAMTE LRGeS T2y O pemntd e PR DB g

TR BFR.TA Bld,BE 2322 SEST. B Rk

Tlzg  &lz.04 £31.22 &2a8 SEEE. 5 el

T1a1l 435,89 448, 26 2877 431,31 $iE4

Tize  48p. 73 234,683 297d YT i B

7i23 324,80 262,84 3349 29TE, B ST B
Tlag 390,38 295,44 1152 2E43.85 sEi|. e
Fiz29 29E8.e4 iunndl 1viv drE9. el 2YEE. 10
Tiag  267.46 156.2 2aag Sad 7,87 AADELAT
7izt 449,12 358.04 114e Zavr.le Pood, 77
Fiaz 5B, 3l 51|, 31 923 (526,25 1357548
F133  B28.e3 Bde. 33 1815 1172.85 11ay .47
T134  BEl.4Z vEE. 19 ATT TBEY .17 1i1s. 18
7135 g2z, TH4, 85 273 REELEY S, 28
Tl3g  838.7% £11.38 285 ERRCH O ATS. 3
7137 Bey.82 431,84 JBE 1a7E, 82 T Dl
F138  48F.2v 339,28 1874 1588, 33 11ay. 83
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Momentum Flux Measured by Drag Disc (pVZ)DD (kg/msz)
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LTR L0-00-80-113

Pre-evalution of the velocity-measurement with Radiotracer FFR 2184

(Results of a

manual evalution)

Test~number time steamvelocity liguidvelocity date
(LIT) (MEZ) (m/s) (m/s)
157 10.56 10,2 3,2 N
158 11.37 4,8 1,4 ;
158 b 11.40 5,1 1.4 |
159 12.00 5,2 1,35 !
160 12.22 10,0 2,3 E
161 13.01 10,0 2,5 {
162 13.54 1,2 1,15 E
163 14.22 1,1 0,6 -
164 14.48 1,4 2,0 -
165 15.16 10,0 10,0 N
166 15.32 7,3 only steam N
167 15.49 3,8 " n
168 16. 30 5,2 .
169 16.58 5,3 n "
170 17.17 1,0 1,2
171 17.38 1,1 1,9
172 17.56 1,2 0,67
173 18,14 not evaluated
174 11.59 11,8 10,8
175 12.49 5,8 4,1
176 13.23 1,7 2,1 l
177 13.26 2,0 1,1
178 13,38 1,6 1,2 |
179 14.06 6,8 2,5 |
180 14.31 10,5 4,8 !
181 15,24 2,1 2,5 E
182 15.55 2,3 2,5 ;
183 16.31 8,0 5,5 -
184 16.55 4,4 3,2
185 17.14 6,0 4,7 |
186 17.33 8,7 7,0 A
187 17.44 10,4 8,5
188 18.10 6,9 4,5
189 18.22  po_13 not evaluated N




IRB ~ Test~Bguipment LTR L0.00-80-113
FFK 2
: Pre~evalution of the velocity-measurement with Radiotracer
(Results of a manual evalution) ‘ .
Test-number time steamvelocity liguidvelocity date
(LIT) (MEZ) (/) (m/3)
190 11.04 8,7 6,0 i
191 11.24 3,0 3,0
192 12.11 1,6 1,2
193 12.32 2,1 2,2
194 12.59 6,0 3,3
195 13.15 4,6 3,8 ~
196 13.59 6,0 4,5 o
197 15.00 7.6 6,0 v
198 15.49 542 3,8
199 16,10 3,1 2,9
200 a 16.59 7.4 . 5,4
200 b 16.59 7¢3 ' 5,8 V]
201 17,31 not evaluated
202-210 no manual evalution because of an 18,11.77 .
experimental crogs-correlation
211-215 not evaluated ; . 2.12.97
216 12.49 10,3 9,5 A
217 13.14 6,5 5.0 ~
218 14.09 3,4 2,9 R
219 14.45 1,7 ‘ 2,3 -
220 15.56 1,2 1,2 @
221 16,24 not evaluated N
A
A2-14




» PR Poet - rgat pteit

LTR L0-00-80-113

Pra-evalul ion of the velocity-measurement with Radiotracer

igé - {Results of a manual evalution) |
. | Test-number time steamvelocity liguidvelocity date
{(LIT) (MEZ) (m/s) (m/s)
222 14.07 2,5 T
223 14.59 1,6
224 15.17 g 1,7 1
225 15.43 n 5,1 |
226 16.03 z 3,6 -
| 227 16.23 < 2,4 ~
: 228 17.18 2 1,1 -
229 17.35 1,1
230 18.04 0,54
: 231 18.27 1,7 Y
‘ 232 11.38 1,5 1,1 A
gt 233 12.11 1,4 1,1
234 12,37 40,0 33,0
235 13.02 4,8 3,0 ;
236 13.23 12,9 3,8 |
237 13.43 4,0 4,0
238 14.10 not evaluated 31,0
239 14,31 2,9 3,2
240 15.09 2,7 2,7 o~
241 15.27 1,9 1,4 :
242 16.02 7,0 1,6 -
243 16.19 2,0 2,0 ?
244 16.40 1,6 2,2- |
245 16.54 36,0 28,0
246 17.29 28,3 only steam
247 17.44 56,0 " "
248 18.07 not evaluated
249 18.25 " " \

A2-15
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LR LO-00-80-113

Pre~evalution of the velocity-measurement with Radiotracehi i 2§€$%
{Results of a manual evalution)
Test~number time steamvelocity liguidvelocity date
(LT (MEZ?) (m/s) (m/8)
250 13.50 12,8 1\
251 14,20 6,9
252 14.45 4,2 M |
253 15.03 3,01 9 =
254 15. 25 1,2 J ~
255 15.53 2,8 g o
256 16.22 11,9 9 -
257 16.45 6,2
258 17,13 4,0
259 17.51 2,4
260 18.05 not evaluated R
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APPENDIX 3
INSTRUMENT CALIBRATION DATA



LTR L0O-00-80-113

L -
R

. TABLE A3-1 CALIBRATION DATA
Turbine Turbine Momentum
Calibration Run Velocity Output Flux
1.0. 1.D. {ln/s) {volts) {ka/ms©)
1. A1l cold water 7000 0.0 0.0355
MDTT 7001 1.0 0.7255 _1000.0
' 7002 2.0 1.378 4000.0
7003 3.0 1.879 9000.0
7004 4.0 2.746
7005 5.0 3.469
7006 6.0 4.244
7007 7.0 4.941
7008 8.0 5.720
7011 8.0 5.662
7012 7.0 4.978
7013 6.4 4.558
. 7014 5.5 3.896
7015 4.56 3.191
7016 3.43 2.385
7017 2.54 1.732
7018 6450.0
7019 1.63 1.122 2657.0
7020 0.0 0.101
2. A1l cold water 7107 1.59 1.278 2181.0
Plenum DTT 7108 1.00 0.841 874.0
7109 0.48 0.408 197.0
7110 0.23 0.122 47.0

A3-1

-
- v{t

on
Output
yolts

0.8162
2.329
4.199

3.387
1.488

0.308
-0.708
-0.392

0.602
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TABLE A3-1 CALIBRATION DATA
. Turbine Turbine Hoientum o ﬁﬁ
Lalibration Run Velocity Qutput Fluxz Qutput
1.D. 1.D. (m/s) (volts) {(ka/ms<) (voits)
3. A1l hot water . 7026 227.0 0.3122
MDTT 7027 0.53 0.2868

7028 1.21 0.7456 1192.0 0.7935

7029 0.70 0.4283 398.9 0.4524

7030 0.92 0.5686 689.0 0.5921

7031 1.04 0.6607 880.4 0.6995

7032 1.30 0.8307 1376.0 (0.9260

7033 G.71 0.4540 410.3 0.4952

7034 0.56 0.2572 255.3 0.3598

4. A1l hot water 7114 1.66 1.203 2186.0 0.271 .

Plenum DTT 7115 1.42 1.033 1602.0 0.118

7116 1.18 0.856 1108.0 -0.046

7117 0.93 0.671 683.0 -0.197

7118 0.59 0.409 281.0 -0.359

A3-2
L )
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EG&G STRIP CHART RECORDINGS (VOLTAGES)
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APPENDIX 5

EG&G TIME AVERAGED DIGITIZED ANALOG DATA

(Voltages)
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The following table lists the voltage outputs from the turbine, drag
disk, and the 3 beams of the LOFT gamma densitometer. The voltages
reported are on a range of 0 to 10 volts, as determined by calibra-

tions.

Errors in some voltages reported here have been corrected in the data
reported in the data chapters.
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Input Voltages

Turbine Drag Disk A Beam B Bean C_Bean
PRALAS) Qass Rk 6.655 5.518 ¢Lemy
TRl 7258 R162 6.018 5.534 € OB
T2y e ol Yo | .947 5,815 6.974
PSR Bt 4. 199 S5.991 5.816 6.375
7004 2 746 5.92% 5. 904 5. 513 6. S
TONS 3469 Y 342 5.898 5.512 6. 389
BG4 244 5 QsS4 9.3l 5.522 7.8c4
TAT 4 941 5959 5.9a3 5.527 7.03%
Fas 5 P e T 5.93 5.5132 P A3 12
TeO3 5 314 5.959 $5.316 5.53 7.3l
Al g 277 5 975 5.894 9.913 7.3
oLl 5 62 5.376 5.91 5.923 ©.04%
7AlZ2 4 978 - 3.988 5.913 $.9514 7034
7013 4 582 N i 9.926 5.511 7.e3
al4 2 29q 5 97 5.891 5.583 7.841
7O1l5 3 191 5 971 5.89%5 3.499 7. 832
7Ol 2 ag5 TS ] 5.823 %5.4995 7.037
oL 4732 3.337 5.95 5.586 7.953
aLe y pov 33254 -, 0324 %Yo s ] 23 %0 B
PSR B R T ey 1 488 5.921 %.493 7,059
TRZg 19132 2328 6.514 5.806 g B e
ozt 117 - 1741 6.574 -.8341 - 6y
Toce o opz21e ~ 2337 6.587 6.13 7.417
7023 @47R - 2481 6&.486 6.035 7.351
T2 g%g2 Qpa47 6.435 6.924 7. 346
25 1297 1732 6.536 6.126 7. a2
026 173%9 209 6.328 6.112 7.412
TOZT 2868 z122 6.371 6.131% 7. 412
TRZS 7456 79329 6.3579 6.142 7.423
029 4233 4%24 6.628 6.183 7. 484
PR NONS Rt S 21 5 JE821 6.991 6.149 744
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Input Vol tages

Turbine Drag Disk A Beam ¢ Beanm C Bean

P e 927
PRREE D RIS GEEs 5 1.5

el o1l 1.533 .27 & 617 o =g
TOnZ 2 318 1.a37 8.77c¢ 8 0R! £ =8
TUGd B 409 1941 - 8.7a1 3.85¢%
T 1,135 8.147 7373 7.RS2
TOGA PaGiotal e 6.83% € 219 R
PR S TCPAE S . I d S R 8. 190 T 4P =5
Taes Looae 1224 8.977 3 17 5 27T
R i 1 a2y 9.69 2,852 G 07
PSR 1187 ol 190.38 9 £p4 16 o
RS A | 1163 3763 6.671 6.178 7 .54E
TOTA LQS3ES AT 9. 987 19 16 92
TaTS L QEQT 1. 26% 6.474 6. 1% ¢
CAT6 .B7Ss 1.1432 7.882 6.391 7353
s P v 1,375 7. 864 7.33¢ 7.661
TS .a521 1.371 8.341 7.825 3 847
PRSP % Steh 1.413 8 886 8 33% g 231
2. 9 8 8.
3. 9 8 9.

COB2 1976 €34 3.19 8.53 5 ane
FA3 1065 522 & 816 & 24 > 213
Cs g 1192 Sie 16 . 9 944 19 oo
R L1132 2389 - %4 - P61 @ls
PRRA S .a16% 1.374 9. .94 9. 937 5 g=q
Ty B RS 1.236 6.462 6.117 7.anz
PAPR TS SR 3 vt ol 557 8.222 7ores T OERSG
SoanD 0364 5361 7.066 6. 543 = 434
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. S Input Voltages b’i‘i\n--'&&&
Turbine Drag Disk A Beam B beam C Bram

Tang 3.8496 6411 8.015 7. 50l AL,
Ta3l . 1a8 . 7664 8.98% a.%514 0. w9y
Fonz 1038 1.271 9. 348 £ 8€2 £, eal
BT I O S =T 363 8.677 8. 162 §. 339
P T S 3 .= o 8229 8.09¢ TLu8S 7.a17
Toas L1234 B706 5.61 6. 124 7.512
~ane L1265 221 2RI Q Rag 16.2%
ANIC IS § S 5625 6.384 5 Sag 7.493
ros 903 1,972 19 L 15 65
P TS 1. 967 19. 19 10 ©3
Tiom 2.188 -. 417 9.94% 9,951 g S23
sio1  1.247 3779 6.424 £.092 T 418
7z 2.9l 5312 8.241 7.739 Y G4E
71u3 1.223 .Z063 6.786 6.314 7493
7ioa  1.758 3637 7.89% 7.244 7.y
Tlag  2.966 7678 8.535 8.0%56 €. 253
Tlos  6.926 116 9.216 8.713 5L 676
7oy l.z2r® Zasg? 6.484 6.996 7.2€8
T13 0 8417 - .1@82 6.274 5. 896 T.213
7189 . teg8 - 3924 6. 189 5.816 7. 184

. 71tp  .le2l - gp27 6.193 5.82 7.168
711 226 -.4322 6.203 5.842 v.cud
7112 6.1595 -. 1021 9.347 9.9283 lv. 01
7113 1.653 - 4392 . 951 3.876 9.982
7114 1.293 2715 6.562 6.17% 7. 37
7ris 1,033 . 1189 6. €85 6.178 7 365
71le U965 -.0466 6.627 &.191 7 367
si17 6718 - 1372 6.643 12.57 12.36
zilg 008 - 3592 6.648 6.2€1 745
7i1e 1.€13 2496 7.832 7,245 7. 63S
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