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PROJECT STATEMENT

The United éfafes and the European Atomic Energy Community (EURATOM),
on May 29 and June 18, 1958, signed an agreement which prov}des é bésis
for cooperation in programs for the advancement of the peaceful appli-
cations of atomic energy. This agreement, in part, provi&es for.fhe
estab|ishment ‘of a Joint U.S-Euratom research and deve lopment program
which is aimed at reactors to be constructed in Europe under the Joint

Program.

“The work described in this report represents the Joint U.S.-Euratom
ef fort whiéh is in keeping with the spirit of cooberafion in contri-
buting to The common good by the shéring of scienfifié and technical
information and minimizing the duplication of effort by the limited
pool of technical talent available in Western Europe and the United

States.
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1.0 ABSTRAC

Technical Progress During Report Period

The activities this quarter have centered about the following areas:
l. .DeVelopmenT of Cehfrifugal Type Downf low Separators

For purposes of analysis and experiment the separator has been divided
into the inlet nez;le, separating zone, and outlet nezzle. The analysis
and experiments perfermed has resulted in a new outlet design, a method

@f determining separating Iémgfh, and a ﬁore effective inlet nozzle. The
results, gafheréd from the above, have caused a reductien in pressufe less
from 5 ft+ of water for the reference désfgn to 1.5 ft of water for the

new design at a flow rate of 1400 gpm.

This quarter has brought about comp letion of outlet and separator zone

.invesfjgafioms and continuation of the inlet nozzle investigations.
2. Investigation of Carryunder in a Natural Separation System

A reactor core riser and downcomer region has been mocked-up in the large

air-water tank. Void fraction in the downcomef region has been measured
as a function of water veloeify, water temperature, inlet gas flow rate,

and riser geomefry. Results show that the void fraction in the downcemer

is essentially zero until a threshold downcomer velocity is reached. The

void fraction fhen rises rapidly with increasing water velocity to appfoxi—

mately jl per cent and then appears to remain constant. Test data from this

experiment is being correlated using a dimensional analysis technique. An



initial prediction equation has been developed and is reported this quar-

ter. -
3. Steam-Water Facility

The steam-water facility is scheduled for operation April 15, 1963



The following invesTigafors have been active on the program this Quarter.

Frank Currier
éonald Grenda

William Littleton
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John Wilson -

, Howard Yant



3.0 STATEMENT OF THE PROBLEM

Program activities this quarter have been divided into the following

categories:

3.1 Air-Water Tank Tests

The purpose of this series of tests is to provide data on a number of
above-core methods of reducing carryunder. To date this effort has been

concentrated on obtaining the effects of riser geometry.

3.1.1 Reduced Flow Area Riser

A relatively Sihple method of reducing steam carryunder may be
accomp | ished by reducing the flow area of the riser,'which results
in an increased downcomer flow area. Testing this quarter has been
aimed at evaluvating the effect of cerféin system variables. These
include straight length of riser, static height of water above the
riser, water recirculation rate (downcomer velocity), quantity of
air introduced into the system, and the system *empérafure.
Cempﬁfer programs have been developed to reduce the data and to
correlate the data in terms of dimensionless groups consisting of
system variables. The results of this effort are described in

Section 4. 1.

3.2 QCentrifugal Separator Jests

The purpose of these tests is to improve the pressure drop, flow capacity,
and efficiency of the centrifugal steam sepafafor. Testing of the outlet

nozzle is directed toward developing an outlet which'will terminate the



the separating vertex without excessive carryunder or pressure drop.
Analysis of the outlet nozzle has been faci litated through the use of

a computer program describing the water flow patterns.

'Tésfing of the inlet nozzle has commenced. This testing is directed
toward improving the inlet nozzle performancé‘fhrough reduction of

pressure drop and increase of nozzle coefficient.

The requiréd‘minimum separating length for the separator depends on the
éeparafor inlet velocity and other fluid parameters. A computer .program
for analysis of the separating zone was refined to give a better prediction

of air-water test results as well as for steam water testing in the future.

3.3 loop Design and Construction

3.3;1 Air Water Facility

The work outlined for this quarter were modifications to the necked
down riser configuration in the air-water tank test equipment, and
the construction of discﬁarée nozzles, of various lengths and flow

areas, for the centrifugal separator test.
The results of this effort are described in Section 4.3.1.

3.3.2 Sfeam-WaTer Facilify

The work outlined for this quarter included expediting pressure
_Qessel fabrication, completing structural changes necessary for
vessel installation, and installation of the vessel. Inc luded

also in this quarter was the acquiring of centrol and test equipment

for operation of the leop.

The results of this effort are described in Section 4.3.2.



This section will present the scope of the experimental program, and the

design of the test facilities.

4.1 Air-Water Tank Tests

4.1.1 Test Objective
The main objective of this test is to determine what effect a necked-
down riser above a simulated core will have on the amount of carry-

under. Refer to Figure I.

4.1.2 Description of the Test Apparatus
Figure |-A gives a generallview of the air-water tank facility. Water
before entering the éir—wafer tank is pumped through aﬁ orifice plate,
located in the discharge line. The orifice plate is used fo measure
the reéircu]afing flow rate. Air is injected into the water downstream
of the orifice plate forming an air-water mixture. This mixture then
passes into the air-water Tank, aédArESes through the test section to
the interface. At the interface the greatest pérf of the air is
released. The remaining mixture then enters the downcomer area, where
diffefenfial pressure readings defermine the percentade by volume of
the voids. From fhé downcomer area the mixture flows into the larger
outer tank, and again a portieon of air that has been carried under is
separated from the water. Leaving the tank by way of the pump suction
- .line, the mixture enters the air collector tank, where the remaining
air is removed from the water. The water then returns te the pump

comp leting the circuit.



F low def lectors made from perforated plate are placed at the top
of the riser. This minimizes any steam channeling and gives a
more even distribution of the bubbles emanating frem the top of
the riser. The location of these plates above the riser can also

be adjusfed to determine the effect (if any) upon the carryunder.

Differential pressure measurements made to determine the void fractien
at the different points in the system are made with D.P. cellis having
a range of O to 20 in.or O to 25 in. of water. The cells when set

at 20 per cent of full scale, can accurately measure differential
bressure from O to 4 in. and ©@ to 5 in. of water. The corresponding
def lection of the manometers connected to the air side of the cells

is 6.1 to 31 inches of mercury.

4.1.3 Variations in Test Parameters

In order to establish a comp lete understanding of the problem, it is
becessary to vary geometric parameters as well as fluid and gas proper-
ties in the invesfigafion. A schemafic diagram of the test section

depicting the test parameters is shown in Figure I.

Presently, diameters DI, D2, and D3 (Fig. |) are 32.0 in., 15.5 in.,
and 29.5 in., respectively. The. tests on the D2 riser have been

"comp leted. These tests include variations in riser height (41) from
6.0 in. to 24.0 in. in six inch increments, or H! to D2 ratios from

approximately 0.4 to 1.5.

" At each riser hefghf the following parameters were varied:



A. Loop Temperature

Q

'I. Test run at 85 + 10 F
2. Test run at 150 + 10 F
B. Static water level (H3):

I. Test run at © in.

2. Test run at 6 in.

3. Test run at I2 in.

4. Test run at 18 in.

5. Tes+ run at 24 in. (With the riser (Hl) extended to 24.9 in.,
this run was not possible due to reééhing height limitations
of the system.)

C. Afr Flow: )
From 30 cfm to 200 cfm through the orifice.

The air expands when it contacts the water, and the test range for

air flow becomes 45 cfm fo approximately 300 cfm through the riser.

DP. Water Flow:

At each air flow the water flow is varied from approximéfely
400 gpm +o'2@00 gpm. The maximum recirculation rate is semewﬁaf
determined by physical.limifafions of the loop. This results in
superficial water velocities, in the necked down‘borfion of the

downcomer, of ®.2I4.fT/sec to 1.07 ft/sec.

4.1.4 Typical Test Run
4.].4.1 .PEe-Rum Procedure and Checks
Since the diameters DI, D2, and D3 (Fig.: 1) are fixed for this

system it is only meéesséry to set %he risér length HI teo the



b

desired length. After fhis has been accempli%héd the test
section is filled to the predetermined static water level (KH3).
Air pressure is then applied to the differential pressure cells
and all manometer lines purged to remeve any air that may be

trapped in the lines.

At startup a friction run is made to determine the single phase
pressure drop across the void fr;efion mahomefers located -in the
lower region. The water flow (with no air added to the system)
is progressivel? increased and the appropriafe manometer read}ﬁgs
recorded for each flow. By subtracting these manometer readings
from the readings recorded when air is added to the system, The
true void fraction for each peint is established. This is aute-
matically accomp lished bylfhé data reduction prograﬁ at the time

TheAdaTa is processed.

4.1.4,2 Startup and Data Recerding
After completion of the friction run, the water flow is set at
approximately 400 gpm. Air is introduced to the.system allowing
approximately 30-er 40 ¢fm to proceed info the feed line and
hence to the riser. The following data is then recorded:
A. Run number
B. Water flow manometer, inches of mercury
G. Air pressure upstream of the air-flow orifiqe plafe; psi
D.. Air-f low manometer, inches of water
E. System Temperafuré; °F

F. Void fraction manometers, inches of mercury



G. Dynamic head (true water level) (H2), inches
M. Riser Length (HI), inches S

I. Static water level, inches
The water flow is Theq increased to maximum flow (approximately
.ZGQQ.gpm) by increments of approximafely 150 gpm.- After the
max imum f low readings have been taken, the water flow is again
reduced to approximately 400 gpm, and the air flow §s increased

for the next rum. The above cycle is continued uatil maximum air

and water flow ceonditions have heen reached.

4.1.4.3 Shutdown and Geometry Change

After the maximum flow conditions have been reached the air and
water flows to the test section are terminated. Water may now
be added to or drained from the loop depending upon the next

static level (H3) and/or riser length (H!) to be tested (Fig. I).

e L . - - - - -~

4.1.4.4 Elevated Temperature Test

In order to invesfﬁgaTe the effects of fluid and gas properties
it is necessary to vary the temperature of the sysfem} The test
data for the heated condition (Temp. ~ 150 F) are taken in The

same way as for the cool condition (Temp. ~ 85 F).

The loop is héafed by three sources. One, a small steam generator
fhat injects saturated steam at 270 F into the maim tank. The
second source is electrical strip heéfers located on the puﬁp
suctien line. One or Sofh of these sources of heat may be needed

for any particular run. The third source of heat is pump work

- 10~



which is small in comparison o the two main sources.

To heat the loop a flow of approximately 1006 gpm .is allowed to
circulate through the loop with all heat sources operating. To
reach a test Temperafuré of 150 F may require as much as 5 hours of
heating time, depending on the initial loop temperature. |t has
been fourd that once the test Temperafure;is aTTained it bécomés
quite stable even with the addition of rather large quantities

of 75 F air.

After the loop is heated, the manometer |ines are purged and

test parameters checked before cemmencing the test run.
4.1.5 Test Results and . Piscussien

4.1.5.1 Computer Programs for Data Reduction

Figure 2 illustrates the 18M 1620 FORTRAN STATEMENT print-out

_6f the computer program used to reduce the test data. Actual
readings, such as manometer deflection and temperatures, taken
during a run are the input for the program which has as an output
the meaningful test variables under investigation. Figure 3 shows

the flow diagram for this program.

Figures 2 and 3 show that a dimensional analysis is also incor-
“borafed into the program. A thorough discussion of fhfs part of

the program is presented in Section 4.1.5.5.



4.1.5.2 Effect iof Air Flow and Temperature on Carryunder
Figures 5 and 6.presen+'+ypical runs indicating the effect of
éir flow and loep temperature on the void fraction. Downcemsr
void fraction (% by volume) is plotted as a function of recir-
culation ra+9«' The downcomer velocity is the superficial water

velocity that exists in the upper region of the downcomerA(Fig. 1.

Curves of Figures 5 and 6 both show#é sharp increase in the void
fraction after a critical downcomer velocity has been reached.

At velocities lower than critical, the void fraction remains
essentially zero. For the test run taken at a wafér temperature
of 90 F, the void fraction is somewhat a function of the air £ low
fhrougﬁ the riser. quever, this dependency on air flow seems

to vanish once a certain air flow is reached. Thus, it appears
that there has beén a change in flow regime, and for the higher

air flows the mixture does indeed act more as a two phase mixture.

As the temperature of the system is increased to 150 F changes
of some mégnifude.oceur in the .liquid and vapor prepeETies,
further complicating the problem. By cemparing Figure 5 to
Figure 6, the following observat ions may be made :

I. 1+ appears that the carryunder is net now as strong a
function of air flow. Since the viscosity of the water has
decreased by approximately 40 per cent, a two phase flow
regime has beeh reached éven'for the low air flow.

2. The carryunder,'in general, is lower than the 90 F test run

for a given air and water flow. The change in a number of

-[2=



the mixture properties resulting in higher lift forces
and lower drag forces on the bubble are probéély res-
.pénsible for this. ‘

3. The velocity at which carryunder sTérTs is lower for the
heafed condifion; This also appears to be the result of a
change in fTow regihe. However; since a reactor designed
to operate below this ve]ocify would require excessively

large downcomer areas the location of this peint does not

seem to be of further interest.

4.1.5.3 Effect of'Risef Length on Carryunder

Figures 7 and 8 present T?pical cross p lots to show the effect
'6f riser, length (H] in Figure |) oﬁ the carryunder. Once again
the downcomer ve]écify is the sﬁperficial water veloecity that
exists in the upper region of the downcomer. Tests using the
straight length of the riser equal to zero have not been conducted
as of this reﬁorf's publication date. Heowever, Figdre 7.shows
that there is little effect for a riserilengfh (H1) less than the
riser diameter D2 (l5;5 inches for these Tesfs):"%his figure
also'shows no measurab le éffecf for am increase in riser length
once the ratio of length o diameter of the riser has become

greater than one. Figure 8 also shows this effect.

Once again it is possible that because of a change in flow regime
. the very sharp decrease in voids at a length to diameter ratio of
one is not as noticeable as in Figure 7. However, for runs with

M1 (I8 inches and 23 inches) the points are quite close, indicating

-~
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that the effect of riser length has been maximized. Curves for

other constant air flows exhibit these same tendencies.

4.1.5.4 Effect of Initial Water Level

Figure 9 presents afcross plet of'dafa indicating the effect of
initial water jevel in the system. Data are for a constant riser
length of 6 in. and a censtant ai} flow of 123 cfm. In all cases

H3 is measured from the top of the riser (Figure I).

Once again the curve (Figure 9) exhibits the characteristic break
in the void fracfion.>'lf appeérs that the initial water level jm
the system has eséenfiaily no effeect on the voids. However, the
true water level in the system is proportional to initial water
level, and therefore, it must be considered from other standpoints

in the overall reactor design concept.

4.1.5.5 Correlation Procedure
One of the ultimate goals of this investigation is to correlate
steam-water and air-water downcomer void characteristics in terms

of basic fluid and geometric parameters.

. 4.1.5.5.| Parameters
The following variables ([6) have been considered in
a dimensional analysis of the present air-water tank

test facility:

-j4-



Variable o Symbol . Unit Basic Dimension

Diameter DI Ft L
Diameter D2 Ft L
Diameter D3 Ft v
Length of Riser HI Ft L
Dynamic Head H2 Ft L
Static Head H3 ‘ Ft L
Quantity Air B Ft3/sec  L2/T
Quantity Wator . OF F+°/sec /T
Density of Air ' pg Ib/FTB M/L3
Density of Water pf ﬁu[p/Ffs M/L3
Viscosity Air 48 'lb/Ff—sec M/LT
Viscosity Water pf Ib/sec? M/L#
Surface Tension ol Ib/sec? ‘M/Tz
Gravitational Acceleration g Ff/sec2 L/T?
.Downcemer Ve locity v " Ft/sec L/T
Void Fraction a  mmmme= e

According to the Bdckingham Pl theorem, the above 16
variables result in |3 independent dimensioniess para=
meters. The dimensionless parameters which are pfe-
sently being used for analysis are those shown in the

Program 23, of Figure 2 and Section'4.1.5.5:2. =

Figure 10 illustrates the basic line of attack which is
presently being used to correlate the data into a general

prediction equation.
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The present thought is that this prediction equation is

of the general form:

o = Aé'x 1'5':::2.;£;5anv (l?

However, there is some reason to believe that the general

form of the equation is semi-log, e.g.

(2)

: 3 Ewmny

<= fx exp (11;7=z P "
A thorough investigation of the above two prediction
equations has not as yet been completed. This will be a
gradual development depending upon the attainment qf suit-
able data. The computer programs have been deve loped and
a preliminary analysis of the air-water tank data above
1200 gpm has been made according to Equation |. Some of
these results and the mathematical technique involved is

explained in the next twe sections.

4.1.5.5.2 Mathematical Formulation
'The input to computer program}OZQ(Figures 10, 11, and 12)
is the dimensionless parameters as calculated and punche&
in prégram 023. Basically, program 029 is designed to do
two oper$+ions;

l. FormuiaTe equations from parameters (log-log

or semi-log analysis)
2. Calculate a least sﬁgaré tit for all data

points, resulting in a system of linear equations.
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For log-log analysis (Eq. 1), the equatiens are formu-

lated as:

they have only been preliminarily tested to the extent '

E(2)In P(2)+E(§)InP(5)+...+E(13)|nP(|3) = Ink=lnP(1l) .
where from Prégram 023:

P(l1) = (a), Void Fraction

P(2) = (pé/pf-pgi, Density Ratio

P(3) = (HZ-HB/HZS, Dynamic and Static Head Relation
.P(4i = (H1/H2), Riser Length/Dynamic Head

P(5) = (D1/H2) |

P(6) = (D2/12) Diameters/Dynamic Head

P(7) = (D3/H2)

P(8) = (mf/ugj, Viscosity Ratio .

P(9) = (pfDyypV/uf) Reynolds Number (Fluid)

P(10) = v2/g H1), Froude NumSer )

PCI = (pf V2 HI/g), Weber Number

PfIZ).= (pg0g/HIug) , Reynolds Number (gas)

P(13) = (Qf/Qg), Quantity F low Ratio ’

E(N) = Calculated Exponents

k = Constant

These parameters are subject to change, for some inter-
relationships and/or.sfngularifies may be found. As yet

shown in Section 4.1.5.5.3.

-|7-
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For semi~log analysis, the equations are formulated as:

From Eq. 2

/3 Emy 4
ot =h b +1II,_, Pm
which leads to

E(2) InP(2)+E(3) InP(3)+...+E(I3)InP(13) = In(lIna~lnk) (5

Equatioen No. 5 has not as yet been tested, but the program
(029) is ready for use. The main drawback which is encountered

i's thé computer time necessary for a complete analysis.

To continue, the above equations eifﬁer log-leg or semi-

log are then processed in a least square method as exp lained
in Reference 2. Having many more equaTions than unknowns,
the over-determined system is reduced to a set of linear
equations which when solved yield the best exponents. The
resulting set of linear equafions-bunched out from 029 is
solved as a determinant in program 017 (Fig;'}élgggﬂiﬁLgigf
by the Jordan method of elimination. Prograﬁielémfs };e.-
only program which was not written by the authors. I+t isj

a standardized determinant Program written by |BM personnel.

lf an exponent is predetermined; for example, if a value is
assigned to it befere the least square fit is computed,
Progfam 029 will multiply the exponent.by the cerresponding

logarithm and adjust the constant vector om the right hand
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side of Equation 3 or 5. Also of interest is the fact that
Program 029 is capable of handling 5 separate constants (K)

for each run.

After program O17 has solved the determinant yielding 5
‘solufions for the five constant vectors, the resulting
solutions (exponents) are manually punched and applied.

to the corresponding.paramefers in the verification program
025, Figurés 5, 16, and 7. This program is essentially

Equation | or 2 depending upon which one is applicable.

4.1.5.5.3 Preliminary Results
Figure 14 illustrates the five solutions as printed from
Progrém 017 for the five constants tested. The first

constant (k = 0.00005) was chosen for the vérificafion.

Consequently, selving frem Program 029

[%]505[5_2}0x [.52-2]0’({5_23]0)( [_E;_J,ags
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where:

©.00005

= kK

0.38 = E2
-0.692 = E3
0.505 = E4
0.0 = E5
0.0 = E6
0.0 = E7
0.6026 - E8
0.73 = E9
0.52 = E IO
-0.73 =ElI
-1.02 =EI2
~-1.01 =EI3

P(N) - See Section 4.1.5.5.,2

Parameters 5,.6, 7, in the diameter ratios, were "forced"
to zero in Program 029 because the diameters have not as
yet been varied. As can be seen, some of the parameters
have nearly the same exponents or only vary by a sign.

This may lead to some cancellations or revisions in para-

meters after further investigation.

The above exponents and parameters are imvoluted and
hulfiplied in Program 025 resulting in an error curve,
Figure i8. The residuals or standard deviation of the

least square analysis has not as yet been programmed.
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This will be a necessary step in order that the relative
worth of the prediction can be measured and will be added

to Program 025 in the near future.

The print-out from Program 025 is shown in Figure 7. The
firéf column, fhe run number, is made up of a number and a
Ieffer(g). The different letters designate a change in
independent Qariap}es,.e.g., static water leve! (H3) and/or
riser lengfﬁ (H{s. The numbers are in order of'inéreasjng
air and waTer.fléw.‘Acélumns 2 and 3 are self-explanaféry |

and column 4 is the following equation:

El_E2 EI3
X-COOR = (P~ P.~ .... P (7
X-GOOR = (P P_ 5 (N

The above analysis, as stated previously, is preliminary
and is sighted mainly as an examp ie of the correlation
procedure to be followed. The present correlation is

limited because the diameter terms were not considered.

As more test data becomes available beth frem the air-water
faci lity and the steam-water facility, this analysis will

become more usefu! to reactor design.

4.2 Centrifugal §egarafér Program

During this quarter, all separater testing has been done using the same
10 in. diameter separator chassis described in the previous quarterly report

“and as shown in ngure 9. The greatest part of the testing has been directed
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toward improving the outlet nozzle performance. As a result of this work,
it is felt that knowledge of .outlet performance has been advanced to the
point where testing of it should be suspended, ahd future attention

directed toward investigation of the inlet nozzle.

Towérd the end of fh}s quarter, testing commenced én a series of inlet

nozzles. These tests have already led to a reduction in inlet nozzle

pfessure drop through refinement of the inlet. These tesis.will also

increase our know ledge of the mechanics of void éeparafiom. This is tfrue

since the inlet flow patterns have considerable’effec+ on The'separafimg
/

zone of the centrifugal separator. Further work on the inlet nozzle may

reduce even further the pressure droﬁ in the separafdr.-

4.2.1 Outlet Nozzle Pevelopment.

Testing and refinement of the outlet nozzlé is directed toward

deve loping an ouflef which will terminate the separating vertex
without excessive carryunder or excessive pressure drop. Testing

of the coenically sbaped‘oufléfs was continued. The Tesfing was
vconfinued until an improvement in’ﬁressure drop reached . a peint of
dﬁminishing returns and further refinement was judged to be unprofit-

dble until better inlet nozzles could be deve loped.

In addition to the conical outlets, two other designé were tested
briéfly. The first utilized annular discharge opening while the
second used turning vanes in an attempted recovery of the rotational
ve locity cémponenf. Both of these outlets exhibited good nozzle

coefficients, but the overall performance could not be raised to a



point where they were comparable to that of the cone shaped outlet

nozz les. These nozzles are described in more detail in Sections 4.2.1.2
and 4.2.1.3.
4.2.I.f Testing and Analysis of anjcal;shapqd Outlet Nozzles

The outlet nozzle series of models |7 Thréugh 20 (Ref. 1) operated
as predicted, although pressure drop was higher than that for

mode ls of similar open area in the model series || through (4.

For the operating range of 2000 to 2400 GPM, ¥the pressure drop
was 5 to 10 per cent higher for the seriés 17 +hrough 20. Water
4flow patterns deférmined with the pitot-static yaw tube verified
the water flow pitch angles predicted in the computer analysis of

the cone-type outlet.

In order to further reduce outlet nozzle pressure drop, another
outlet was fabricated. This outlet again had six trapezoidal
outlet openings. The Qpéning size was increased so the new
series had approxihafely 1.5 times the open area as the previous
series of models |7 through 20. The new outlet openings were
shaped Té produce constant axial Qelocify, as described in the
computer program of Fig. 48 (Ref. I) Wheh equipped with the

7 in. diameter outlet disk. ‘This disk gives outlet openings,
trapezoidal In shape, 24 in. long, with upper base length of
3.00 in. and a lower base length of 2.00 in. See Figures 20
and 21. The series was testéed with 5, 6, 7, and é'im. outlet

disks beihg described as models 25 through 28, respectively.
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This series of outlets was tested with the model 2 inlet. The
6u+le+s showed an improvement im pressure drop over bo+h~of41he
.previous.series. Sée Figure 22. The greatest improvement was
in the cases with 200 CFM air added To'fhe loop. HKere, the

series of models 25 Thréugh 28 showed an improvemeh? of 20 per
cent over series |7 -~ 20 and an improvement of 10 per cehf over
series 11 - 14. At lgwer air flow rates the pressure drop was
impkoved by 10 to |5 per cent over the two series of conical

outlets previously tested.

Carryunder is,essenfially the same for all three seriés of out- -
lets. This is added proof that all void separéfion is occurring
in the éepara+or chassis and that any outlet of this type that
does not disturb the vortex péT#ern'will exhibit similar carry-

under properties.

Traverses of the outlet series 25 through 28 with TheApiTof-sfaTIc
yaw tube shewed reasonab le agreement between test and predicted
pitch angles. However, a large dead-zone was discoverad above

the outlet disk. Visual observation of the dead-zone confirmed
yaw-tube indications. |n the case of outlet mode! 27, with the

7 in. disk, the zone waé cone-shaped with a base of 5 in. diameter
at the disk, tapering fe 2 in. diameter at a point [l in. higher.
See Figure 23. Within this region axial velocities were negligible,
alfhéugh rotational velocities continued. The zone also exisfed

for smaller outlet disks of this series, beimg rough ly proportiodal
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to the outlet disk diameter. |t apparently existed, to a much
lesser degree in the outlet series of models 17 through 20.
This zone of low axial velocities is thought to be simi lar to
+hé hydrocone effect common fo conditions of water flow at

right angles to a flat plate.

With the.discovery of this dead zone, the computer program
describing the outlet nozzle was re-evaluated. The term 'arem'
which approximates the cross sectional area of the nozzle was
modified to give a better description in view of the known flow,

pattern and was changed to

AREM=( (DS~ (A*DDINC) ) *¥2~ (A% (DD/T) ) ¥*2) /DS**2

As.a result of this change the calculated axial velocity for
this outlet with the 7 in. disk now shows a 40 per cent decrease
along the length of the outlet. Pitch angles were alsa brought

to even closer agreémenf with the test data.

As ménfioned previously, the. hydrocone effect was more obvious

in the 25 ~ 28 outlet series than the 17 - 20 series. Higher
axial velocities and higher outlet exit velocities in the earlier
series are probably responsible.fOﬁ the smaller dead zone in those
mede ls. Although the hydrocone did not appear to be disturbing
The'funcfien of the outlet, an attempt was made to break it up.
This was done by removing the outlet disk and replacing it with

a hoop of the same digmefer. Results with the first such model

were encouraging, so a series of 3 hoops were made having diameters
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of 8, 7, and 6 in. The opening at the bottom of the outlet cone
increases outlet area slightly, but major effect desired is the

disruption of the dead zone.

Below are listed the models and dimensions of the 24 in. outlets.

24 In. QUTLETS

MODEL DISK DIAMETER OUTLET AREA
26 éhin. 2.25 t12
27 7 2.50
28 8 h 2.75

HOOP BIAMETER

3 ' 61in. 2.45 42
0. 7 2.77
29 8 3.0

~ Pressure drop for the new series of models 29 through 31

showed an overal!l improvement of |5 per cent over the sefies

of models 25 through 28. See Figure 24. This is proportionally
greater than the outlet érea increase for these models. The
improvement is attributed to the improved flow pattern as much as
the outlet area increase. Carryunder was improved inghTIyAfhroughA
the operating range and carryunder break points were extended

100 GPM.

Visual inspection and a series of traverses with the pifot-static
yaw tube showed that the dead zone in the lower part of the outlet

had been dispersed. See Figure 25. Analysis of the yaw tube data
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shows that fhé tangential velocity components are higher than

for the disk +y§e outlets, at the same time; the axial velocities
do net die out in the lower part of the nozzle as they did
previously. The improvéd'flowApa+Terms allow more efficient

usé of the ou+lef area in the Iower secffen of the outlet nozzle

and. the pressure drop across the outlet is reduced.

The computer analysis of the outlet was modified again to des-
éribe the flow pattern through the outlets of series 29 - 3.
The change was made in the 'arem' term which describeé'fhe

" cross sectional area of the ouflef_émd was chaﬁged to
AREM=( (DS-A*DDINC) ) ¥¥2) /DS**2

Calculated values and yaw %ube test data are within 5o of agree-
ment for the © in. and |5 in. probe Iocafions.AVProbe readings at
the 6 in. locatien are consisfenflyAl@ to .14 degrees higher than
calculated values. Cauée of the discrepancy has not been esta-

blished.

After fﬁe hoops.&ere fesfed at the bottom of the 24 im. outlet,

it was decided to test shorter outlet nozzles and find their

éffecf on separator perfofmanée. The possibility of using sherter
outlets would be of considerabie value in reacférs where axial space
is at a premium. To Segin this test, an 18 in. outlet nozzle. was
fabricated. This nozzle had six trapezoidal openings. In order to

ease cemparisén to models tested previously, the Trapézoidal bases
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were made to the same dimensions as.fhe series 29 through 31.
Thus, the 7 in. hoop gave an.upper base of 3 in. and a lower
_base of 2 in. A series of heops varying in diameter from 8 in.
to 5 in. was used in conjunction with the model 2 inlet. ThiS"

series of outlets is identified as medels 35 through 38.

Below are listed the models and dimensiens of the I8 in. outlets.

I8 1n OUTLETS

Mode | Disk Diameter Outlet Area
35 8.  2.41 5
36 7 2.15

37 6 1.89

38 5 , 1.64

In general, the pressure drop acress the |8 in. outlet nozzles
Was,slighfly lower than that for the 24 in. outlet nozzle for

the equivalent outlet area. However, the pressure drop break
point and the maximum flow for the 18 in. nozzle was reduced

by approximately 100 GPM. See Figure 27. The carryunder
characfefisfics tor both outlet nozzles ;ere approximate ly the
same. The pitot-static yaw tube fraverse angles showed very

close agreement with those from the computer pregram. The majority

of the angles were within two degrees of the cemputer analysis.

Because of the success with the 18 in. long outlet nozzle, a 12 in.
long outlet.was fabricated. Once again the outlet openings were

sized to. be 3 in. at the upper base and 2 in. at the lower base
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“-  when using the 7 in. hoop. The same series of hoops was used

at the bottom of the ouflef.. This series is identified as models
39 through 42 (Fig. 21)and 26). Below are listed the models and

dimensions of the 12 in. outlets.

I2 In. QUTLETS
MQQQl‘A Disk Diémgfer'A - Qutlet Area
39 g in. 1.72 12
40 7 1.50 .
41 6 : 1,32
42 5 .13

The pressure dfop across this nozzle shows a slighTAimprovemenf
over the 18 in. and 24 in;'ouflef nozzles. See Figure 28. The
break point and the maximum flow were apprqximafély the same as
for the 18 in. outlet. The pitot-static yaw tube traverse angles
afe fairly close to those from the combufer program. However,
they do not agree as well as those from the 18 in. outlet as

the usual deviation is 3 to 6 degrees, with some variances as
high as |3 degrees from the predicted angle. The'carryumder'
characteristics of this nozzle were éomparableifo those of Thg

I8 and 24 in. models.

In general, the shorter outlet appears to have slightly better
PressureAdrop when compared to a long outlet.of similar outlet area.
However, this comparison usually compares the short nozzle with -7 in.

6r 8 in. hoop- with the long nozzle with the 5 or 6 in. hoop. When
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~ the longer outlet is equipped with.the same hoop as the short
outlet the longer outlet has more open area and thus a lower
overall pressure drop. The maximum flow for the 24 in. outlet
was also 100 GPM higher than for the shorter outlets. Still a
pfessure drop for the sherter outlet is by no means brohibifive
since it did net exceed 2.! ft of water for am operating range

up to 2300 GPM.

4.2.1.2 Disk Type Outlets

The function of any outlet nozzle is to contain. the separating
vortex, preventing it from becoming unstable and causing large
amounts of carryunder. AT the same fime The.qqflef sheuld have

as low a pressure drop as possible. The conically shaped outlets
with long, narrOW'épeningé can be bui It with enough outlet area
to reduce préssure drop to acceptable levels, but so far they
have always had a low outlet coefficients. Presumably this low
outlet coefficient is caused by the rotational cemponent eof flow
which causes the fluid to 'see' a smaller outlet area than exists.

That is, the projected area of the outlet opening is less than the

true area.

IT is asgumed,fhaf an annular or cylindrical shaped opening would
have a better projected area than the slits yssdiwith“the -
conical outlets. An outlet was fabricaTéd to test this assumption.
The outlet was formed by suspending a flat disk on'hangars be low

the separafbr chassis. The resultant opening was cylindrical in
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. shape. " The cross sectional area could be changed by raising
and lowefing the plate. Below are listed the models and dimen-

sions of the disk type ouTIeTs.

Disk Type Qutlet Nozzle Dimensions

Mode | ' Qutlet Area

21 1.00 12
22 .50
23 - .50

The three models of the éuflef were tested for varying air and
water flow rates. Thege outlets had lower pressure drops and
higher outlet coefficients than the cenical outlets of comparable
outlet area. Model 22 had'pressqre drop rough ly eqqivalenf to
that for the cenical model 29 whiéh had twice the outlet opening.
‘However, the disk type outlets did not have gocd. carryunder pro-
perties. The vertex whipped around above the disk, collapsing
at times and trapping pockets of carryunder. At flow rates of
2000 GPM and above, where the vortex entered the outlet, carry-
under was approximately.twice that for the cenical outlets. The
disk type outlet was'rejecfed as unsuitable for a high capaci+y

separator because of the high carryunder.

4.2.1.3 Turning Vane Outlet
Another Type of outlet mode!l was built to use furning vanes to re-
‘cover the tangential velocity component of flow (Fig. 29). This

outlet had the same cross-sectional area as the }é in. d}ame+er
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separator, approximafély 0.50 sq. tt. The Ieaaing edges of the
'+grning vanes wéfe inclinéd at 45 degfees as indicated by yaw
Tubé data on pif;hlangles for the lower'ﬁorfion of the separating
length. 'The°6ufle*.coefficienf for this model was higher than
0.50 sq.rffL However, because the 6pen area was only 0.50 sq.
.ft., the pressure drop was prohibitive. fhere is no way.to
~increase the outlet area for this Type‘bf-nozile without .
incfeasing fhe diameter. - Théf approach would lead fo.an ungainly

' separafof which woﬁld be difficult to install in a reactor down-

comef, SO ﬁo further models of this type were tested.

4.2.2 Separating Length Analysis

. The separating éone is the portion of the separator befweén the bottom .
of fhe'inlef hozz]e and Thé top of the oufle} nozzle. In Thié rééion, 
'fhe last of the gas bubb les are fbrced‘by centrifugal force from Tﬁe
periphery of the separaforvinfo the central vortex (Fig. 19). A |
‘computer. program was deve loped last quarter to defermine Thé ékial
disfaﬁce Traveleé by a_bubble in moving from Theiwall to the vortex.:
The equations used in- the program are.based on basic fluid, gas and -
geoméTric paraméfers SO +he'calcu1afipnal Technique can be appliedAfo
vakious»diamefef separators as well as fo gases and fluids having -
different brépérfies. 4The primary output of this prograh'is'fhe:
minimum'lengfh of separating zone required in order to be assured

" that bubbles at the .periphery are forced into the vorféx.

The separating length calculdfidn.developed"for the previbus qﬁarTerly

. (Ref. IL'Was‘develobéd»usjng.equa+idns for Peebles' Region
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"4 (Ref. 3) where:

.25
v =825 N6t ] 083 [ygc
g Pl
NG = 8 viZ[(p ~p.)
)
T

.75

The lower limit for region 4 is described by the equation:
P

o=

At bubble velocities below the region 4 minimum the equation for

V = .663 [ch ]

region 3 prevails:

v=1l.46 [ et 167 ryge 70
[_9—] [rb'pl]
y = Surface tension (IbF/Ft)
'Pl = Density of Wafer—(lbm/F%s)
PZ = Density of Vapor (|bm/F*35
ro Bubble Radius (F1)

Radial velocity of bubble Ft/sec

-
]

The limiting minimum velocity for region 4 is inversely proportional
to the bubble radius. The smaller the bubble radius, the higher the

minimum limit for region 4 conditions.

Thus, with all other variables unchanged, the bubble size will determine
whether the bubb le velocffy is described by equations for region 3 or

!
region 4. An equation to describe the bubble diameter was derived
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previously and is described in ACNP-62006. The equation is:

D, = (.30) (3.47) [y
SRR VA

The factor 0.30 in the equation is an arbifrary size reduction factor
indicafing the reduction in size from stationary fluid conditions to

the moving fluid conditions in the separator.

This equation predicts a bubble diameter of ~ .10 in. at I75F

water temperature.

Further investigation of the bubble velocity equation using the predicted
bubble size indicated that the calculated bubble velocity often fell
below the minimum for region 4, and was more exactly described by the
velocity equation for region 3. The computer program was revised to

»caqulaTe the region 4 velocity, the region 3 velocity, and the lower
limit of region; and them to choese.fhe region governing The.parfi~

cular case and print the proper velocity, noting whether it is in region

3 or region 4 (Fig. 30-A and B).

The calculated Bubble velocity in region 3 is sensitive to bubble

. size, while region 4 is not, except for the calculation of the region

4 ﬁinimum VelociTy. To demonstrate this fact the separating length
prégram was run for a series of bubble diameters Eanging by 0.033 in. to
either side of the predicfed 0.100 bubble for 175 F water. (See Fig. 31-A

and B). The smaller bubble sizes fall into region'3 and The‘largér into
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region 4 as shown in the following:
TABLE |

10 1n. Diameter Separator, 2000 _GPM, Inlet Velocity 9.75 Ft/Sec.

Bubbls-Diam. - ' Bubble Velocity Région Separating Leng*h.
in. Ft/Sec Number Ft.
0.066 1,92 3 135
0.083 .72 3 1.51
0.100 1.57 3 . 1.66
0.7 14 4 1.79
0.133 _ |.46 s 179

If the inlet velocity is reduced, the separating forces are.élsof
reduced,.gnd.bubﬁle beloéify decreases. As a re§UIt,'The réquifgd:
separating length is increased as shown in fhe tollowing Table;?

| " TABLE 2.

10 In, Diameter Separator, 2000 GPM, Inlet Velocity 8.00 FT/Séc.f

Bubb le Diam. .Bubble‘Velocify -Region Separating Lengfh"
Ln. ’ : Et/Sec Number ‘ Ft
0.066 - “1e0 3 L 1.45
0.083 1.6 | 3 .62
0.100 a7 3 L7
0.117 o 136 3 192
0.133 .28 4 2.04

For compléfe prihf'ouf of separating length calculations, see

Figures 31-A and. B.
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In cases where the flow regime was changed from region 4 to region

3, the calculated bubble velocity increased stightly. For the 9.75
ft/sec., jnlef velocity of the model 2 inlet at 176 F, The calculated
bubb'le velocity increased from 1.46 ft/sec to 1.57 ft/sec. This
reduces the calculated séparafing length from [.79 ft to |.66 f*t,

or by less than 8 per cent.

The listings show that by doubling the bubblie size in the calcu!afion,
the separating length is increased by a facter of approximately 40 per
cent from that for-the 0.066Ain. bubble. The change in separating
length is Thug approximately 20 per cent for a bubble size change of
6.033 in. larger or smaller than the predicted 0.100 in. bubble. This.
20 per cent variance represents a change in predicted separating '
length of 3 in. or less for the inlet velocities considered. A
variance of this magnitude is difficult to detect with the short

separating length of the present separator.

The present separator with the mode! 2 inlet shows good agreement
between calculated and actual separating length. We would then assume
that this agreement at least partially verifies the present bubble

size estimate. |f future inlet nozz les give lower inlet velocities
than those at present, the separating length should be increased. .In
this case, .disparities between calculated and actual separating Iéngfh

would be more obvious if they do exist.

4.2.3 Inlet Nozzle Deve |lopment
L o b IR A L e

The function of the inlet nozzle.is to introduce the voided mixture to

the separator. The inlet mixture must enter the separator at a rate
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of speed great enough to form the separating vortex at the operating

range of the separator. |f the inlet velocity is too low the vortex
will not form. |f the inlet ve locity is unnecessarily high, a very
strong vortex will form, but at the expense of a high pressure drop

across the inlet. Thus the sizing of the iniet nozzle is a compromise

between pressure drép and required inlet velocity.

Testing of inlets commenced in mid-February. To date, four scroll
shaped inlet configurations have been tested and analyzed. While
none of these models can be considered to have optimum performance,
the pressure drop, nozzle coefficients, and velocity profiles serve

as guides to be used in improving the inleft.

4.2.3.1 Inlet Nozzlg;Expetiments

The air-water test procedure for a given inlet nozzle was the
-same as that used qu testing outlets. The separator was fested
at inlet submergences of 0.75 ft and 2.75 ft of water. The
separator was Tes+ed for the flow range from no flow to the

max imum f low aé dictated by pressure drop or'carryunder. The
separator was tested at the air ffow rates of 60; 120, and 200

cfm free air. During the air-water testing, the loop temperature
was maintained at temperatures above 165 F. For brevity, analysis
of air-water test data will be confined to the condition of 200 cfm
air added to the loop. A highly voided inlet mixfure_gives the

most severe condition of operatioen.

The computer program for data reduction was essentially unchanged
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from the procedure used for testing ouflef nozz les. . However,
emphasis now switched to inlet pressure drop, inlet coefficient,

and the position of the vortex in the separator.

In addition to air-water testing, the inlet nozzle area was
extensively probe&“af several levels w{fh the pitot-static yaw
tube. This information wés very useful in determining the
velocity profiles in the separator and determining +ﬁe effect

of design changes to the inlet.

In order to show the interrelation of the inlet ard the outlet
'hozzle, all of the inlets werelfesfed with the same outlet.
Outlet mode! 30 was one of the better performing outlet shapes

and has been used in the ftesting ef all inlets.

All of the inlet nozzles tested were of the scroll shaped type.
The variables from‘médel to model| were the width at the nozzlé
throat, and at the mouth. .As the throat width was varied, the
IengThAfrom mouth to throat varied in soﬁe cases as did the
inlet length to width ratio as shown in the table below.

Table of Inlet Dimensions

Model Ne. Mouth Throat Length: Width Throat Area

(horizontal plane)
2 .50 tn. .25 in. 4 : | 0.83Ft
3 3.25 1.25 4 :+ 1 0.83
4 3.25 0.7 10 : 1 . 0.50

5 3.25 1.75 3 | Lok
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4.2.3.2 Inlet Nozzle Analysis

The first Inlet extensively tested was mads | 2 which was ‘used
+hroughouf the testing of outlet nozzles (Fig. 32). While the
'performance of this inlet was considered adequafe; The pressu(e‘
drop was excessive, and the inlet coefficient was not particularly

good.

inlet coefficient is defined by the following expression:

] » ’
c A—of2—gh ;5?%%;2:

(CFM water + CFM vapor carryunder + CFM vapor

Where:

Ql

exhaust flow)/60

>
ft

Inlet cross sectional area
h .= Inlet drop in ft of flowing fluid
g = Acceleration due to gravity

Performance of Model 2 _|nlet Nozzie

Run Water Vapor Total *Effective Pressure Nozzle Coef. "C"

F low F low CFS Length Drop-Ft Corrected for Eff.
GPM _ CFM - Water __ Lenath

569 1000 128 4.37 00§ 0.6 0.59

568 © 1500 221 7.04 1008 1.4 0.60

564 2000 354 10.36 100g 2.6 0.63

565 2200 350 10.72 100g 3.4 0.59

567 2500 351 11.40 588 - 6.2 80

Ave. 0.66

*gffective Length: At high water flow rates, the inlet nozzle
pressure drop is great enough that the water level in the separator
is lower than the top of the inlet nozzle. During these conditions,
the effective inlet area is restricted to that part of the inlet
below the water level in the separator. For the purpose of analysis,
the inlet coafficient is corrected to give the coefficient for this
reduced inlet arsa. The correction is not applied to the inlet nozzle
pressure drop, as that reading is indicative of the true separator
performance.
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The inlet nozzle was probed with the pitot~static yaw tube on

both sides of the vortex core at fhree“elevafions along the

axial length of the injef. These elevations were | ft, 3 ft,

and 5 t1 above the bottom of the inlet, which was 8 £+ from

top to bottem. The tangential velocities recorded with the

probe show a'velééify increase toward the ;enfer of the separator
rough ly eqpivalenf to the equation Vro'3 =C (Fig. 33). Indicated
velocity at the 5 ft level is considerably less than at the other
two levels, This effecl was most prenonnced for the inlets

tested which had relatively low nozzle coefficient.

As listed previously, the mode! 2 inlet had a length to width

ratio of 4:1 and a convergence of 0.25 in. over the length of the
inlet. fT was assumed that the inlet coefficjenf and pfessureA
drop‘coufd be reduced for the same width of Throaf'by increasing
the mouth dimension of the inlet. The model 3 inlet waé fabricated
 with the same .25 in. throat and a mouth of 3.25 in. (Fig. 34).

| The inlet waé tested for the same range of conditions as the

model 2 inlet.

Performance of Model 3 |nlet Nozzle

Run Water Vapor Total Effécfive Pressure Nozzle Coef. "G"
F low F low .CF$S Length ‘Prop-Ft Corr. for Eff,
GPM CFM . . . Water Length _

975 1000 129 4.38 100% 0.5 " 0.65

974 1500 298 8.31 1004 1.3 0.68

971 2000 275 9.06 1003 2.3 0.63

972 2200 387 10.91 . 944 3.4 0.64

973 2400 392 ~11.88 72% 5.6 0.70

Ave. ©.66
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The listing shows that the increase in the mouth area of the
inlef did cause an improvement in inlet coefficient, of 0.06,

but the increase is by no.means large.

‘This inlet was probed with the pitot-static yaw tube for the

same- three eleva+ions.as the model 2 inlet. The inlet velocities
in mode! 3 were much cloeser to a common value than those for the
mode! 2 inlet. At Thé same time, the pattern of velocity increase
toward the center of the separator was improved over those for

the model 2 inlet for the |. and 3 ft levels of the inlet (Fig. 35).
One would expect improved flow pa*ferns to lead to a sligh+ly )

shorter separating length for the model 3 inlet than the model 2.

The mode| 2 and model 3 inlets both had length to width ratios of
épproximafel? 4:1, and pfoduced almost equivaléhf pressure drops.
It was decided that am.inlef shéuld be tested ﬁhich had a greatfer
L/w ratio. To determine the effect pf this parameter, the model

4 inlet was fabricated with a 0.75 in. throat and the Same 3.25 in.
méufh (Fig. 36). The inlet had a length in the horizontal plane of
appraxihafely 7.5 in. which has a L/W ratio of 10:1. It was
expéﬁfed that this fmlef would have a higher pressure drop,,because
of the reduced cross-sectional area, but that i+ would have an

improved inlet coefficient because of the L/W ratio.
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Performance of Mode! 4 |nlet Nozzle

Run - Water Vapor Total Effective Pressure Nozzle Coef. YC"

F low F low CFS Length . Prop-F+ Corirected for Eff.
GPM CEM . A Water Length
1006 1000 129 4.38 100 0.8 0.85
1005 1500 288 8.05 100¢ 2.0 0.90
1002 1700 370 9.97 100g 2.4 0.98
1003 2000 373 10.69 854 4.1 0.99
004 2200 356 10.83 692 6.7 Lol
Ave. .95

The increased length to width ratio of the model 4 inlet nozzle
broduces a considerable increase in the nozzle coefficient. The
coefficient values above 0.95 appear optimistic. However, smal |
errors in bressure drop or vortex height readings would be the
most likely source of error in data. Nevertheless, iT appears
that the increase in L/W is the best means of improving the inlet

coefficient.

The mode!l 4 inlet was probed with the pitot-static yéw tube at
the same elevations as the previeus inlets. The inlet velocities
were higher than for previoustinlefs because éf the reduced inlet
area. This increase im velocity did not reduce the pattern of
ve!ocify increase which remained at approximately Vr®'3 =0 for
"the | and 3 ft levels. The inlet velocity at the 5 ft leve! was
proportionally better than for the model 2 inlet, though, axial
velocity distribution was not so compact as for the model 3 inlet

(Fig. 37).
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'The .inlet of mode! 4 produced_higher velqcifjes in the vortex for a
given water flow rate and thus formed a larger vortex core, with

a reduced separating lenQTh. Because of the reduced cross sectional
area at the throat, the inlef'nozzle pressure drop was high, and
Judged to be'éxcessive-fbr any separator model except perhaps 6ne
deéigned for less than iSOO gpm. Nevertheless, the high inlet

coefticient is attractive.

The,mgdel 5,inref nozzie.was fabricated to Tésf the effect of a
relatively Jow‘lengfh To;widTh ratio in fhelhorizonfal plane.

This nozzle‘had‘é:l.75 in. throat and the 3.25 in. mouth (Fig. 38).
The length of the nozzle was approximately 5.5 in. giving a L/W
raTioJof approximately 3:1. This nozzle was expecTedlfo give a
retatively low pressuré drob because of The‘large inlet area,

bﬁf to have a poor inlet coetficient because of the low L/W ratio.

Performance of.Model 5 |nlet Nozzle

Run Water Vapor Total Effective Pressure Nozzle Coeff. 'C
F low F low . CFS Length Drop-Ft Corrected for Eff.
GPM CFM - ' , Water Length

1045 1000° - 105 3.98 . 100§ - 0.5 . 0.44

1044 |506_ | 288 8.14 008 o o . 0.52

1640 2000 . 402 11.15 100% 2.0 0.52

1041 2200 401 11.60 954 3.0 0.49

042 2400 - 392 Il.e0 . 75§ 4.7 0.52

1043 2600 384 - 12.20 0% 5.3 0.56

| | | | Ave. 0.5
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As expected, the coefficient for +he model 5 inlet nozzle was
the lowest of the present series of inlets. The low coefficient
is attributed to the low L/W ratio. Pressure.drop for this
inlet was Tﬁe lowest of the series because of the relatively

high cross sectional area of the throat section.

The separator was traversed with the yaw tube at the same
elevations as the previous Inlets (Fig. 34). While the fluid
velocities at the | ft and 3 ft levels were almost equal. . The.
velocities at the 5 ft Ieve} were reduced considerably as in the
case of the model 2 inlet. The water flow pattern also showed

a much lower rate of velocify increase toward the center of the

0.15

separator. For this inlet the expression Vr = C describes

the pattern at the | ft and 3 ft levels.

The reduced pressure drop of this inlet allows an extensioen

of the operating range of the separafor of approximately Zoolgpm
over the model 2 and 3 inlefé previously tested. However, the |
poor inlet coefficient and wafer flow paTTerns~inchaTe that

the inlet performance should be improved. An overall graph of

pressure drop is shown in Figure 40.

During the present quarter, the separator chassis has been tested using
six series of outlets and four inlet nozzles.. The series of 24 in. long

outlet medels 29 through 3| showed the best preésure drop and carryunder



characteristics of the nozzles ftested with the model 2 inlet. The
mode!| 30 outlet, with a 7 in. outlet hoop was chosen for Tesfing‘wifh

the series of inlet nozzles.

Pressure drop and carryunder curves are shown for the inlet models

3, 4, and 5 equipped with the model 30 outlet nozzle. See Figuréds 41|
through 44. The curves in Figures 36 - 39 are shewn for an air flow
rate of 200 cfm air to the test leop. This produces approximately
400 cfm voids when the air has become saturated. The pressure drop
curves for the inlet nozzles show the effect of chénging the cross
sectional area from one model to another. The outlet drop curves
show the effect of the tangential velocity éomponenT on outlet nozzle
pressure drop. Model 5-30 with the lowest inlet velocity had the
lowest outlet drop, while mode! 4-30 with the highest inlet velocity

also had the highest pressure drop across the outlet nozzle.

The mode! 5 inlet nozzle extends the capacity of the separator by
épproximaTer 200 gpm with no unfavorable effect on carryunder. |t
is assumed that further modification to improve the inlet coefficienf

will lower the pressure drop without increasing carryunder.

4.3 loop Design and Construction

4.3.1 Air-Water Facility
The‘air-waTer facili+y was modified to obtain proper operation by
iocafing the air-injection point and installing a perforated pipe to

distribute the air entering across the diameter of the pipe.

-45_



A valve was installed in the discharge line to tacilitate the isolation

of The_air-wéfer,fank test from the centrifugal Separafdr test.

A filter system was installed to remove corrosion impurities from

the circulafing water.

A flanged extension section 3 ft high was added to the outer tank of
~the ?es+‘secffon to permit testing with deeper submergence and higher
©air f}bws.

The centrifugal separafor‘Was modified to allbwliesfing with velocity

probes.

The centrifugal separator-was equipped with dischérge'nbzzles of I8 in.:
and 12 in. lengths without bottom plate. The inlet nozzle was modified

to allow the throat area to vary from 1-3/4 to 3/4 in:

4.3,2 Steam-Water Facility

~The ﬁigh pressure vessel was fabricated and hydéosfafical1y tested . in

the A-C Wésf Allis WOrks. I+ was comp leted on March 7; 1963 and shipped:
to the installation site on March 8, 1963. The structural steel work .
was complg?ed before the a}?¥val qf The:vessél. The vessel erection Was

comp leted March 12, 1963 (Fig: 45). .

»lnsfailafion of +helpiping and controls is proceeding.

The control insffumenf padel has been'completed and will be delivered to
'The site. The entire facility should be completely fabricafed,{insulafed .

and ready for use April 15, 1963.



The test section for the first phase of testing has been completed

and will be installed when the operation of the test loop has been

tested.
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5.1 AieraTer Tank TestT

The testing of the necked-down riser will continue with a considerable
amount of time devoted to the correlation procedure as explained in

Section 4.1.5.5.2.

There are plans to test the characteristics of a spiral vane in the
éfraighf section of the necked-down riser. There are also plans to cut the
riser down as shown in Figure 46, and tfo test a differenf diameter necked-
down riser. This will result in velocities, in the upper region of the

downcomer, gréafer than 2.0 ft per second.

In addition to the above, the system will be converted so that the amount
of carfyupder can be collected and measured. This will then mean that
the downcemer slip ratio (ratio of gas velocify to fluid velocity) can be
calculated. Since the slip ratio is independent of geometry, Theﬁamounf'
of carryunder (cfm of air) cam then be calculated for all previous test

runs.

5.2 Air-Water Column

Testing of the centrifugal separator will coﬁfimue. The séroll shaped
inlets will be refined to improve pressure drop and nozzle coefficient.
Fellowing these ihprovemenfs, the separator will be tested with multiple
inlet nozzles. Another separafor'is being fabricated which will use a
serfes of louvers instead of the usual inlet nozzle, and is scheduled

for testing in the coming quarter. This should complete the test schedule



on the 10 in. diam downcomer separaters. Following the testing of the
0 in. diam models, an 8 in. diam separator wjll‘be tested to determine
the effect of separator diameter on separator capacity and performance.
fFﬁrfher tests of downcomer separators will be made in the Steam-Water
Loop as referred to in Ref. |). Testing of upcomer type separators

will also commence during the coming quarter as -scheduled.
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6.1 Development of Cenfrffugal Type Downflow Type Separators

For the purpose of analysis, the separater has been divided into the
inlet nozzle, separating éone and outlet nozzle as shown in Figure 19.
Analysis and testing of the outlet nozzle and separating zone has been
complefed. The outlet nozzle flow.characferisfics were analyzed by
two. methods. The first mefbod'used a computer program to determine
the velocities andtflow direction of the mixture within the nozzle.
Thevsecond method was the analysis of the overall performance, which
consisted of measuring pressure drop and carryunder in the air-water
leop. Tﬁe result of both methods of investigation have led to whaT/

appears to be an optimum outlet nozzle design.

The separating zone has also been analyzed by writing a computer program
to determine the axial distance traveled by a gas bubble while moving
from the wall of the sepqrafor te the central vortex. The analytical
approach was confirmed by experiment. The results of this effort is a
calculational technique, which although is more amenable to computer -
sojufion can be accomplished by hand calculations, to determine the
length of the separation zone required. Tables | and 2 of this repert

show values to be applied te an air-water system.

An. investigation of the improved inlet nozzles is underway. Results so

tar have led to considerable reduction in pressure drop in this region.

Applying the results obTainedlfo date under this program has resulted

. in reduction of total pressure drop through the separator at 1400 gpm from
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5 ft of water for the reference design to 1.5 ft of water for the best
‘model to date. Performance characteristics for the best separator deve-

loped to date is shown in Figures 43 and 44.

6.2 Investigation of Carryunder in a Natural Separafion System

This investigation is being carried out in the air-water tank. A reactor
core riser and downcomer region have beem mocked up, and the void fricfion.
in the downcomer was measured as a function ef water velocity, water
temperature, inlet gas flow rate, and riser geometry. Results show that

the void fraction in the downcomer is essential zero until a threshold

water velocity is reached in the downcomer. The void fraction then rises
rapidly with increasing‘Wafer velocity to approximate |l per cent and then
appears to remain constant; see Figure 5. |[Initial investigation of the
effect of riser geometry upon carryunder shows that the height of the risers

straight section above the cone has considerable effect upon carryunder.

A semi-empirical correlation of the 400 pieces of data obtained thus far

is underway using a dimensional analysis Technique; The censtant and ex-
ponents applied to the various dimensionless ferms are determined by -
computer analysis of the data. This technique will be exfendedzfo include
data from the steam-water loop when it is available. Equation 6 represents

this work in its present form.

6.3 Steam-Water lLoop Besign Construction

The pressure vessel fabrication and testing was completed and the vessel

is now installed. Prefabricated piping is being installed to connect the
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vessel te the Wisconsin Electric Power Company's boiler and condenser.

The loop should be ready for operation April 15, 1963.

6.4 Proposal

Figure 47 shows progress to date as compared to proposed progress.
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BASIC AIR-WATER TANK ANALYSIS CURRIER-- GRENDA

SWITCH NO. 1=ON, SKIP PRINT
SWITCH NO, 2-ON, SKIP PUNCH
SWITCH NO, 3-ON,GO TO 60 .
SWITCH NO, L-ON, FORCE EXPON,

DIMENSION E(13),P(13),TEMP(16),DF(16),FMU(16),GMU(16)
READ 38, SLOPE BINT
DO 50 1=1,16
READ 38, TEMP(I) DF(1),FMU(1),GMU(1)
READ 38,DISTY
READ 38,D2,D1,D3
HYD [ A=4, *(ol**z -D2*%*2,)/(D1+D2)
po 01 1=1,13
READ 38, E(I)
TEM=0.
IF(SENSE SWITCH 1)56 1
CONT INUE
PRINT 40O
PRINT 401
CONT INUE
DO 17 JJ=1,12
READ 39, PSTAT,AIR
READ 38, ALPHA VELO, H1,H2, TEMPO, H3
lF(TEMPo—TEM)oh 06 Oh
TEM=TEMPO
DO 51 N=1,16
TT=TEM-TEMP (N)
IF(TT)52,52,51
CONT INUE
RHOF=DF (N)+(TT*(DF(N)~-DF (N~1))/10. )
FFMU=FMU(N)+(TT*(FMU(N)=-FMU(N-1))/10.)
GGMU=GMU(N)+(TT*(GMU(N)-GMU(N-1))/10,)
VAPPR=0,203454+1,03837 2E~8*( TEM**3 ,922951) ‘
RHOG=(2.699%(14, 696~VAPPR)+1 .678*VAPPR)/ (TEM+460.)
W=0. 622*VAPPR7(1h 696~VAPPR)
C=(TEM-32 /1.8
S =(75. 68-.138*0-(3 S6E-L)*Chkk24+ (L, JE=7)*xCk*3)%*2 ,205E-3
CONT INUE
DCVEL=1 ueo*VELo** 5
ALPHA=ALPHA-SLOPE*VELO-B I NT
ALPHA=(ALPHA-6,0)/5.000
ALPHB=ALPHA*62 .47 (D1 STY* (RHOF~RHOG) )+0.00005
ALPHA=ALPHB ‘
GPM=533,00%(VELO **,5)
QF=GPM/7 .481
DDVEL=0,1955*DCVEL -
QG=3.7 78%(( (PSTAT+14,696)*AIR)**, 5)
0G=(0. 076#*(1.+W)*QG)/RHOG
IF(SENSE SWITCH 2)57,58
CONT INUE
IF(ALPHB)O0S, 05,07
ALPHA=0.0001
CONT INUE
P (1)=ALPHA

Figure 2 - Fortran Statement for Air-Water Tank Data Reduction (Sheet | of 3)

_56-



10980 P(2)= RHOG/(RHOF-RHOG)
11028 P(3)=(H2-H3)/H2
11076 P(L)=H1/H2
T1112 P(5)=D1/H2
71148 P§6;=DZ/H2
11184 P(7)=D3/H2
11220 P§8;=FFMU/GGMU
1256 P(9)=(RHOF*HYD1A*DDVEL/FFMU)*300,
11328 P(10)=(DDVEL**2,/(32,2%H1))*12,
T1424 P(11)=(RHOF*DDVEL**2,)*H1/(S*12,)
11532 P(l2)=((RHOG*QG)/(H1*GGMU))*720.
71628 P(13)=QF/QG
11664 IF(SENSE SWITCH 4)200,57
1684 200 DO 201 KKK=1,13
11696 P (KKK )=P (KKK Y *%E (KKK)
71804 201 CONTINUE
711840 57 CONT INUE
T1840 IF(SENSE SWITCH 1)12,13
71860 13 CONTINUE
11860 PRINT 39,GPM,DCVEL,ALPHB,QG,H3,H2,TEM
11956 PRINT 403 DDVEL
11980 PRINT 1
12004 12 CONTINUE
12004 IF(SENSE SWITCH 2)14,15
12024 15 CONTINUE
72024 PUNCH 39
712048 PUNCH uo,P(l),PéZ),P(B).P(h),Pés)
712120 PUNCH Lo,P(6),P(7),P(8),P(9),P(10)
12192 PUNCH 40.P(11},P(12),P(13)
12240 PUNCH 41
T2264 14 CONTINUE
12264 IF(SENSE SWITCH 9)10,17
12284 17 CONTINUE
12320 IF(SENSE SWITCH 1)60,799
12340 799 PRINT 798
12364 GO TO 60
- 12372 10 PAUSE
}z;su IF(SENSE SWITCH 3)60,65
2LoL 65 STOP

12452  4OO FORMAT(15X32HDOWNCOMER CARRYUNDER CALCULATION,//)
712588 4LO1FORMAT (7X3HRUN, 7X3HGPM, 7X3HVEL, 8X2HAL, 7X3HCFM, 8X2HH3 8X2HH2, 6X2HTE, /)
12878 403 FORMAT(20X; F10.3)
2948 38 FORMATsFIO .3,F10.3, FIO 3 F10.3, FIO 3 F10.3,F10.3,F10.3)
3006 39 FORMAT(10H- 0.3, F10. 3,F .5 F10.3,F10.3,F10,.3,F10,3)
- 73086 Lo FORMAT(Flh.u,Flu L, Flu L, Fik. L,F14. k)
13128 L FORMATélH— y /s 1H=)
13168 798 FORMAT(/////7/1111171)
13246 END

Figure 2 - Fortran Statement for Air-Water Tank Data Reduction (Sheet 2 of 3)
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NOMENCLATURE PROG. 023

Temp (1) - Temperature (From Table) Fo 3
DF (1) . - Density of Water (From Table) Ib/ft
FMU. (1) - Viscosity of Water (From Table) Ib/hr-ft
GMU (1) - Viscosity of Air (From Table) lb/hr-ft
Slope-Slope of Friction Correction Line .
BINT - Intercept of Correction Line
DISTY - Distance Between Alpha Taps
D2 -~ Diameter of Necked-Down Riser, In.
- DI - piameter of Qutside Tank, [n.
D3 - Diameter of Upcomer, In. .
HYDTA - Hydraulic Diameter in Upper Region, In.
E (1) - Exponents .
TEM. . - Internal Parameter
PSTAT - "Air Line Pressure, psig
AIR . - - Orifice Meter Reading, lInches of Water
ALPHA . - Powncomer Voids Reading.from Differential Pressure Cell,
{nches of Water
VELO ~ Water Flow Orifice Reading, Inches of Mercury
HI - Riser Length, Inches ,
H2 - Dynamic Head, |nches
TEMPO - Bulk Temperature of Water, F®
H3 - Static Head, Inches
TT - Internal Parameter Use in Temperafure Table Search
RHOF - Density of Fluid Interpolated from Table, b/ 42
FFMU . - Viscosity of Fluid Interpolated from Table, Ib/hr-ft
GGMUY - Viscosity of Gas Interpolated from Table, [b/hr-ft
VAPPR - Vapor Pressure of Water at Tempo, psi
RHOG - Density of Saturated Air in Loop, Ib/ft3
W - Specific Humidity, Ib vapor per Ib air
C - Temperature, C
S - Surface Tension of Liquid, Ib/sec2
DCVEL - Downcomer Velocity, Lower Region ft/sec
ALPHB - Void Fractioen -
GPM - Water flow, Gallons per Minute
QF - Water Flow, ft3/min
bDRYL - Downcomer Velocity, Upper Region, ft/sec
oG - (First) Air Flow Through Orifice, cfm
QG - (Second) Air F low Through Upcomer After Saturation, cfm
P (1) - Dimensionless Parameters
FIGURE 2 - FORTRAN STATEMENT -FOR AIR-WATER TANK DATA REDUCTION

(SHEET 3 of 3)
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{ ¥ 'y

. Set Tem = Tempo
Beaq. Search Temp.p
Friction - Table for

Correction Densities and

- Yiscosities ‘
Read:

Temperature Calculate
Table . Vapor Pressure

lcas Density

Specific Humidit

Print
Waterf low

Velocities
oid Frac.

Read; 0519
Distance
between taps
lﬁ Calculate
Downcomer Ve l.
Read: > Void
Diameters Fraction Punch
, ; Parameters .
Calculate Calculate
Hydraulic . Water Flow
Diameter : Air Flow - Yes

Read:
Exponents

Skip Yes
parameter '
ualysis another
Print
Heading
Calculate N
Thirteen
Dimensionless
Read: Parameter
Data Cards
(2)
@ off
On
Raise_
Parameters
to Power
y-l, ' . . . — # '
-

Figure 3 - Air-Water Tank Data Reduction Logic Program
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RUN
1AA

2AA
BAA
LAA
5AA
6AA
7AA
8AA_
9AA
10AA .
11AA

12AA

Figure 4 - Typical Data Reduction Print-Out For a Complete Run (Sheet | of 5)

DOWNCOMER CARRYUNDER CALCULAT ION

GPM
595.912

753.775
883.880

975.550

© 1065.999

1232.832

1311.006

- 1420.222

1535.558

1623.682

. 1693.900

1783.759

H \: \Z.O
VEL AL
1.632 .00000
.319
2,06k .00046
.03
2,421 .00093
o473
2,672 .00248
.522
2.919 .01579
i .570 .
3.376 .03328
.660
3.591 .03635
.702
3,890 04262
4,206 .04723
.822
.869
4,639 .05863
.907
14,886 .06136
.955

_60 -

_CFM
33.757

33.757
33.757

33.757

| 33,757

33.757

33,757

33,757
33,757
33.757
33,757

33.757

H3

’ 13 0060

13,000

- 13,000

13,000

13,000

113.000

13,000
13,000
13.000
13,000
13,009

13,000

H2
18.500

19,500

21,500

23,500

25,500

28,500
30.500
32.500

34,500

35,500

36,500

37.500

TE
93.000

93.000

93.000

93,000

93,000
93.000

93,500

93,500

93.500

94,000

94,000



RUN
13AA

1LAA
| 15AA
16AA
17AA

18AA

- 21AA
22AA
' 23AA

. 2LAA

Figure 4 - Typical Data Reduction Print-Out For a Comp lete Run (Sheet 2 of 5)

DOWNCOMER CARRYUNDER CALCULATION

GPM
1865.500

1947 . 156

2029.603.

630,654

772,390

899.807

968,242

1028.013

1096.807

1173.810

1255.664

1343.117

VEL AL

5,110 .06428
.999

57334 06479

1.0L2

5559 .06511

1.086

1.727 .00058
.337 .

2,115 .00029
113 ‘

2,464 -.00129
Ol+8]
652 .00266
.518

2,815 .01010
.550

3,009 .02720
.588 .

3,215 .03622
.628

3,439 .04600
0672

3.679 .05318
.719

=]

-6\~

CFM

33.757

33.757
33,757
71.611
71.611
71.611
71.611
71.611
71.611
71.611
7i.611

71.611

H3
13.000

13.000

13.000

13.000

13.000

13.000 -

13.000

13.000

13.000

13,000
13.000

13,000

H2

39,500

ko.500

42,500

21..500
23,500
25.500
26.500
28,500
30.500
33,000
35.500

37.500

TE
94,000

94,500
94.800
95.000

95,000

95.000

95.200
95.600
95.700
95.800
95.90?

!
/

967000



RUN
25AA

.”26AA
27AA
28AA
29AA
308
31AA
32AA
33AA
3LAA
35AA

36AA

Figure 4 - Typical Data Reduction Print-Out For a Complete Run (Sheet 3 of 5)

DOWNCOMER CARRYUNDER CALCULATION

GPM
1415,212

1483.809

1558,.512

1672.805
1723.000
1799.615

1861.689

 1932.814

68L4,650

794,152
883,880

945,981

H.=1z.0
VEL AL

3,876 .05736
757

5,06k .06378
.79k

4,269  .06985
.83L 4

4,582 .07634

'0895

4,719 .07864
.922 ‘

4,929 .08529

5,099 .08575
.996

53294 .09351

1.035

1.875 .00191
.366 :

23175 .00209

2.421 00130
1473

2,591  .00656
.506
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CFM
71.611

71,611

71.611

71.611
71.611

71.611

- 71,611

71.611

123,458

123,458

123.458

123,458

H3

13.000
13.000

13.000

113.000
13.000 ~=4k4,500

13.000

13,000

13.000

13,000

13,000

13.000

13.000

H2 .

38.500

40,500

L1.500

43,500

45,500

L7 ,500

L9.500
25,500

27 .500

29.500

31.000

TE -

96.000

96,000
96.500
96.500
96.509
97 .000
97.000.
97..000

98.000

198,000

98.000

98,000



RUN
37AA

38AA
"39AA
A LOAA
QIAA
L2AA
L3AA
LLAA
L5AA
L6AA
L7AA

L8AA

Figure 4 - Typical Data Reduction Prinf;Ouf For a Complete Run (Sheet 4 of 5)-

DOWNCOMER CARRYUNDER CALCULATION

GPM

- 1039,008

1124.364
1221.256

1311,006

384,774

1479.015
1544 ,780

1638.487

1723.000

1854043

595.912

790.566

H l: '2463
VEL AL
2,846  .01876
.556
3,079  .03096

1602
3.345 04486
-65k g
3,591  .05093
702 .
3,793  .05735
.741 '

g

4,051  .06175
.792

4,231  .06706
.827.

L, 488 0677k
.877

4,719  .07532
«922 :

5,078  .09062
2992

1.632 .00224L

2.165 .00272
123

-63-

CFM

123,458 .

123;h58
1#3@458
123,458
123.458
123,458
123,458
123.458
123.458
123,458
203.270

200.853

H3

13,000 .

13.000
13,000
13;000
13.000
13.000
13.000
13.000
13.000

13.000

13,000

13.000

H2
32,500

34,500

36.500

38.500

141.500
42.500

44,500

46.500

- 48,500

50,500
29.500

31.500

TE
98,000

98,000
98,000
99f090
99.000
99.000
99.000
99f000
99.009
9?.006
99.000

99.000



RUN
L9AA

50AA
518
528

53AA

Figure 4 - Typical Data Reduction Print-Out For-a Complete Run (Sheet 5 of 5)

DOWNCOMER CARRYUNDER CALCULATION

GPM
923.183

1092.324

1203.683 .

134}.117

145,806

' Hn”'z.o .
VEL AL

2.528 01047 .
‘Loh

2.992 .0352

2992 3523

3,297 .0kh29
. 6Lk

3,679 05433
.719 <

3,985  .06042
.779
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CFM
200.853

199.476

199.476

'199.476

199.476

H3
13.000

13.000

13.000

13,000

13.000

H2
34.500

37.500

40,500

43,500

46.500

TE
99.500

99,500
99.500

99,500
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® AIR FLOW =34CFM ‘
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Figure 5 - Effect of Air F low on Downcomer Voids (Loop Temp. 90°F + 60)
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DOWNCOMER VOIDS
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Figure 6 - Effect of Air Flow on Downcomer Voids (Loop Temp. 150°F +3)
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Figure 7 - Effect of Riser Length on Downcomer Voids (Lqpp Temp. 90 F + 57)
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Figure 8 - Effect of Riser-LengTh on Downcomer Voids (Loop Temp. {SOOF + 10°)
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‘Figure 9 - Effect-of Initial Water Level on Downcomer voids {LoopnTemp.‘9OoF + 5°)




READINGS FROM
LABORATORY:*TWO CARDS
PER DATA POINT

]
I
I

¥

PROGRAM 023
BASIC DATA

REDUCTION

I
|

|~RIMENSIONLESS PARAMETERS

i PUNCHED OUT

i

PROGRAM 029
N-LN AND SEMI-LN
NALYSIS; LEAST
SQUARE DETERMINATION

3

I
|
l

{

PROGRAM 025

VERIFICATION
EQUATION

PROGRAM 017
DETERMINANT
EVALUATION -

!
l
|

{

PUNCH
CORRESPONDING
EXPONENTS FO

PARAMETERS

?
|
|
I

EXPONENTS

Figure |10 - Systematics of Correlation Procedure
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PROGRAM 029,DATA CONVERSION AND LEAST SQUARE ANALYSIS CURRIER

05200 C
08300 C .
08300 C SWITCH 1 OFF,LOG-LOG
08300 C , SWITCH 1 ON , SEMI-LOG
08300 C ‘
08300 DIMENSION CONSK(5),E(18),P(20),B(15,20)
02300 DO 14 1=1,5 4
08312 READ 37,CONSK(1)
08360 CONSK{ 1 }=LOG(CONSK(1))
08L32 14 CONTINUE
08468 DO 01 1=1,18
03480 READ 37,E(1)
03528 01 CONT INUE
0856% "~ DO 15 1=1,20
08576 P(1)=0.
08624 DO 16 J=1,15
08636 B(J,1)=0.
08720 . 16 CONTINUE
08756 15 CONT INUE
08792 18 READ 39
03816 DO 25 I=1,11,5
52828 READ 37,PL1) P(1+1),P(1+2),P(1+3),P(1+k)
02020 25 CONTINUE
09056 READ L41
09080 READ 41
09104 DO 02 I=1,13
09116 P(1)=E(1)*LOG(P(1))
09224 02 CONTINUE
09260 D0 05 1=1,5
09272 IF(SENSE SWITCH 1)03,0k
09292 Ok P(1+13)=CONSK(1)-P(1}
09376 GO TO 05
09384 03 P(1+13)=LOG(P(1)- CONSK(I))
0948 05 CONTINUE
09516  N=1 ,
99540 DO 06 1=2;18
995 2 |F(E$|;-10)07’11,07
99644 07 IF(E(1))08,06,08
09724 08 DO 0S J=14,18
05736 P(J)=P(J)-P(1)
0984L 09 CONT INUE
09880 GO TO 06
09888 11 P(N)=P(1)
09960 N=N+1
02956 06 CONTINUE
o032 N=N-1
0068 NN=N-5
Tot1o4 DO 13 J=1,NN
70116 DO 12 I=1,N
10128 B(J, 1)=P(J)*P(1)+B(J, 1)
TJo3Lk 12 CONTINUE
10380 13 CONTINUE
10416 L=N-NN
ToL52 IF(SENSE SWITCH 9)17,18
10472 17 PUNCH L45,NN,L
o508 Do 19 1=1,N’
70520 03 20 J=1,NN,5
10532 PUNCH 36,8(J)1), B(J+1 1, B(J+2 1),8(J+3,1),B(J+4,1)
Too0k 20 CONT INUE
Togko 19 CGNTINUE
_ Figure |l - Fortran Statement for Program 029 (Sheet I-of 3)

—_
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0976 STOP

T1024 45 FORMAT(12,12)

41052 36 FORMATéEl o7,E14,7,E1L,7,E1L,7,E14.7)
1094 39 FORMAT(10H )

11138 L1 FORMAT(1H )

T1164 37 FORMAT(F1L4.L4,F1k b, Fik b, Fik, b, F1b, L)

11206 END ,

Figure !l - Fortran.Statement for Program 029 (Sheet 2 of 3)
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NOMENCLATURE PROG. 029

CONSK (1) =~ Constants

E (1) . . =~ Exponents

P (1 Dimension less Parameters
B (J, 1) ~ Least Square Coefficients

Lo ~ . Number of Constants

NN ~ Number of .Unknowns

i

FIGURE 11 - FORTRAN STATEMENT FOR PROGRAM 029(SHEET 3 OF 3)

-
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Read:
Five
Constants

1

Compute:
Logarithm
of Constant

Read:

Eighteen
Exponents

15-16 Loops
Set Tables Equal
to Zero

!

ead Parameters
I. 1-D Card
2. (3) Data Card

3. SRS (2)

&

02 Loop:Convert

to Logs and
Multipiy by
Exponents

Is

the Analysi

Log-Log
(4

Yes

Subtract Constan
Vectors from
Alpha and take

Log

09 Loop :
Ad just Right
Hand Side if
Exponent f 1.0

l

P(N) = P(I)
is a pre-table
set up

!

I3 Loop :
Calculate least
square from

coefficients

Subtract Alpha
from Constant
Vectors (Right
hand side of

Fauation)

!

P

ae

19 Loop:
Punch
Least Square
Table

Figure 12 - Logic Diagram for Program 029
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OO0

SOLUTION OF N NON-HOMOGENEQUS SIMULTANEOUS LINEAR EQUATIONS BY THE
JORDAN ME "HOD OF ELIMINATION *% P_R., HENNINGSEN IBM MILW,

N MUST BE LESS THAN OR EQUAL TO 15

UP TO 5 CONSTANT VECTORS MAY BE |INCLUDED PER SET OF EQUATIONS
DIMENSION A(15,20),P(20)

IF(SENSE SWITCH 9) 1,1
1 IF (SENSE SWITCH 9) 999 2
RESET AREAS TO FLOATING 7EROS
2 DO 25 U=1,20
P(J)=0.
DO 25 I=1,15
- 25 A(1,J)=0,

READ SYSTEM S1ZE,N AND NO. OF CONSTANT VECTORS,L
READ 101,N,L

READ MATRIX OF COEFFICIENTS AND CONSTANT VECTORS
NL=N+L A
DO 3 J=1,NL
Do 3 I=1,N,5

3 READ 102.A{1,9),A(1+1,9),A(1+2,3),A(1+3,d),A(1+4,J)

PRINT MATRIX + CONSTANT VECTORS UNDER CONTROL’OF SENSE SWITCH 2
SENSE SWITCH 2 ON -BYPASS  ** SENSE SWITCH 2 OFF =PRINT
IF(SENSE SWITCH 2) 9,4 :

L PRINT 111, N,N
DO 6 I=1,N
DO 5 J=1,N,
5 PRINT 112 A(l J),A(1,Jd+1), A(I J+2),A(1,J+3),A(1, J+lt)
6 PRINT 113
PRINT 114,L
DO 8 J=I,L
PRINT 115, J
JN=J+N
DO 7 I=1,N,
7 PRINT 112, A(I JN),A(1+1,JIN), A(I+2 JN),A(1+3,JN), A(I+h JN)
8 PRINT 113
REDUCE COEFFICIENT MATRIX TO UNIT MATRIX
9 DO 10 K=1,N

REARRANGE ROWS SO THAT A(K,K) IS LARGEST (ABSOLUTELY) OF THE A(J,K)
KK=K
TEST= ABS(A(K,K))

DO 11 I=K,N
lF(TEST-ABS(A(I K})) IZ,II 1

11 CONT INUE
GO TO 13

12 TEST = ABS(A(1,K))

KK= [
GO TO 11

13 DO 14 J=1,NL
P(J) = A(KK J)

AgKK J)=A(K, J)
14 A(K, J)=P(J)
DIVIDE ROW K BY A(K,K) SO THAT A(K,K) WILL BE UNITY
AKK=A(K, K)
DO 15 J=l NL
15 A(K, J)=A(K J) /AKK

Figure |3 - Fortran Statement for Program 17 (Sheet | of 2)
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C DEVELOP PIVOTAL ROW AND REDUCE KTH COLUMN
KM1=K~1 '
Ki=K+1
IF (KM1)999, h7 L6
L6 DO 16 |I=1 KM
AlK=A(1, K}
D0 16 J=1,NL
| 2 J)=A(K, J)*AIK
16 Al1,3)=Ab1,J)=P(J)
IF (K1-N) h7 47,10
47 DO 17 1=Kl1,
AlK=A(1,K)
D0 17 J=1,NL
P(J)=A(K, J)*AIK
17 AC1, D)=A{1,3)-P(J)
10 CONT INUE
C REDUCTION COMPLETE, TYPE(SW 3 OFF) OR PUNCH(SW 3 ON) SOLUTIONS
IF(SENSE SWITCH 3) 20,30
30 DO 31 J=1,L
PRINT 117.J
JN=J+N
DO 32 I=1,N,5 | |
PRINT 112, A{1,IN),A(1+1,JIN),A(1+2,IN),A(1+3,IN),A(I+4, IN)
PRINT 113
GO TO 1
20 DO 21 J=1,L
PUNCH 117, J

wWw
-t PN

JN=J+N
DO 21 I=1,N,
21 PUNCH }oz A(I IN),ACT+T, IN), AC1+2, IN) , A(1+3,IN),A( 14k, IN)
GO TO
999 STOP
101 FORMAT(12,12)
102 F0RMAT§51L.7 E14.7,E14.7,E14.7,E14.7)
111 FORMAT(///71kx13,3H X ,|3,hX22HMATRIX OF COEFFICIENTS,///)
112 FORMAT(E12.5,5XE12.5,5XE12,5,5XE12,5,5XE12,5)
113 FORMAT(/)
11k FORMAT(/720X, 12,4X18HCONSTANT ~ VECTORS,//)
115 FORMAT(20HCONSTANT VECTOR NO, , 12)
117 FORMAT(33HSOLUTION FOR CONSTANT VECTOR NO. ,12)

END

Figure 13 - Fortran Sfa{émenf for Program |7 (Sheet 2 of 2)
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2.22913E+04
1.2&3&&E+0§

8.04053E+02
4.38078E+02

SOLUTION FOR

3.79717E-01
5.20100E-01

SOLUTION FOR CONSTANT VECTOR NO,

-1.75778E-01

SOLUTION FOR
3.74025E-01
2.90124E-01

SOLUTION FOR
1.29497E-01
6.81072E~02

SOLUTION FOR
8.12224E~02
-2,17584E-01

STOP

9X 9

8.04053E+02
-1.81773E+04

6.16091E+01
-6.33421E+02

CONSTANT VECTOR NO,

~-6.92048E-01
-7.29847E-01

-3.42278€E-01

CONSTANT VECTOR NO,

-6,88955E-01
-8.09763E-01

CONSTANT VECTOR NO.

-6.80943E-01
-6,08131E~-01

CONSTANT VECTOR NO,

-6.77020E-01
~3.88507E-01

MATRIX OF COEFFICIENTS

3.23993E+03
-2 0902‘ 8E+0‘+

1.54358E+02
~1.04388E+03

1

~1.02053E~00

2

. 5.22780E~01

9.82646E-02

3

L
5.10426E-01
~1,28592E-01

5
5.18068E~01
9.05856E-02

Figure 14 - Sample Print-Out for Program 17
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-1.08930E+04
-2,33726E+03

-3.90032E+02
-9,87124E+01

6.02576E-01
~1.01076E-00

-1.52342E-01
1.05343E-01

9.33028E-01
-8.55775€E-01

5 ° l 21*’47 E-OI
-4.19330E-01

9.87230E~02

-4 ,34956E+04
2,29268E+04

-1.56675E+03
8.165L0E+02

7.30338E-01
.00000E-99

-00000E-99

1.19662E-00
.00000E-99

8.03600E-01
.00000E-99

L.24212E-01
.00000E-99



ggggg g DOWNCOMER CARRYUNDER VERIFICATION 1-21-63 GRENDA-CURRIER

08300 C SWITCH 1 ON, SEMI-LOG
08300 C SWITCH 1 OFF,LOG-LOG
08300 C

08300 DIMENSION E(13),P(15)

08300 READ 38,CONSK

08324 DO 03 L—l 13

08336 03 READ 38, E(L)

08L20 PRINT 398

08LkLL PRINT 399

08468 - PAUSE

08480 22 PRINT 400

08504 IF(SENSE SWITCH 1)200, 201

08524 200 PRINT LOf

08548 GO TO 18

08556 201 PRINT 403
08580 18 PRINT 01

0860k DO LkL NIN=1,50

08616 READ 39

08640 DO 25 K=1,11

08652 READ 37,P(K), P(K+1) P(K+2),P(K+3),P(K+k)
088LL 25 CONT I NUE

08880 READ 41

08904 . 'READ 41

08928 X=1,

08952 D0 02 J=2,13

0896k X=(P ( J)**E () )*X

09060 02 CONTINUE

09096 IF(SENSE SWITCH 1)300, 301
09116 300 Y=CONSK*EXP(X)

09152 GO TO 302

09160 301 Y=CONSK*(X**(~E(1)))
00208 302 PRINT 39,P(1),Y,X |
IF(SENSE SWITCH 9)83, Lk

256

276 LLL CONTINUE
312 © PRINT L4s
336 GO TO 22

344 83 STOP ,
392 37 FORMAT(F1h4 b4 Fi4. U, Fik. b, F1k 4, F1L.4)
38 FORMAT(F10.3}

39 FORMAT(10H LF14 4, F14,4,F15,5)

L1 FORMAT(1H ). :

01 FORMAT(5X3HRUN,9X11HALPHA MEAS,,3X26HALPHA CALC, X COORDINATE,/)
398 FORMAT (10X39HADVANCE PAPER, SW1 ON-SEMILOG,OFF-LN-LN,)

399 FORMAT(10X10HPUSH START)

4,00 FORMAT(15X,33HDOWNCOMER CARRYUNDER VERIFICATION, /)
054  LO1 FORMAT(20X17HSEMI-LOG ANALYSIS, //)

170 403 FORMAT(20X16HLOG-LOG ANALYSIS, 77)
0284 445 ESEMAT(////////)

i eat] =] OIOIOI OI QIO IO O OIOIOION
O QWWOWWOWWO\WO\O\O\OVOWVWOV\O\D
\O oo~ I
NV N D=t W
NOOMNONONE

)
(@]
w
B
Y

Figure |5 - Fortran Statement for Program 025(Sheet | of 2)
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NOMENCLATURE PROG. 025

CONSK - Constant

E (L) - Exponent

P (K - - Dimensionless Parameters
) S - X Coordinate

Y ~ Alpha Calculated

FIGURE |5 - FORTRAN STATEMENT FOR PROGRAM 025
. ' (SHEET 2 of 2)
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l

Then Alpha _,
calc = k (x)

Read fhe
Selected
Constant

]

PfinT Then_?lgha Calc.
1) ix

Reminder . k e

Statement :

03 Loop:
Read 13
Exponents . .
l e R |

]

Print
Proper
: Heading

#

Read: !
Parameters Pa Y YEeS
from Prog. 023 o

;

Involution
of
Parameters

Print
Heading No.
Aipha Meas.

Alpha Calc.
[e{o]0] ol

there
another data
card

‘ -

Figure 16 - Logic Diagram for Program 25



DOWNCOMER CARRYUNDER VERIFICATION
LOG~LOG ANALYSIS

RUN  ALPHA MEAS, ALPHA CALC., X COORDINATE

72 .0387 0504 ,00099
81 .0515 .0589 .0008%
91 .0557 .0647 .00077
10z .0585 .0713 .00070
12 .0616 .0761 .00065
122 .0655 .0816 .00061
182 : .0L59 0502 .00099
192 .0592 .0685 .00085
202 .0670 - .0640 .00078
212 | .0727 . 069k .00072
222 .0779 .0760 .00065
2317 .086k -0815 -00061
2L7 0882 .0878 .00056
257 .0911 0932 .00053
-30Z 0537 .0563 .00088
312 0670 0643 .00077
322 .0795 .0752 .00066
332 .0850 .0839 .00059
347 .0900 .0883 .00056
357 .0971 .0953 -00052
397 .05k .0593 -0008k
40z .0636 .0668 .00074
L1z .0736 .0782 .00063
L2z .0810 .0830 .00060
437 .086L .0885 .00056
bz .0932 -0946 .00052
457 .0999 .1007 -00049
462 .1003 .1054 .00047
6AA .0332 0406 .00123
7AA .0363 - oLsh .00110
8AA .0426 .0512 .00097
- 9AA L0472 L0571 .00087
10AA .0537 .0611 .00081
11AA -0586 -06lsl; .00077
12AA .0613 .0683 .00073
13AA 0642 .0738 .00067
1LAA . 0647 .0775 .0006L
15AA . 0651 .0829 .00060
22AA . .0362 0455 .00109
23AA - 0460 .0509 .00098
2LAA .0531 .0561 00089
25AA .0573 0594 .0008k
26AA .0637 0641 .00077
27AA .0698 .0676 .00073
28AA ,0763 .0738 .00067
29AA .0786 .0767 00065
30AA .0852 .0803 00062
31AA° 4 .0857 .0851 . - ,00058
32AA .0935 .0901 .00055
39AA RIAR: I .0511 .00097
LOAA .0509 0559 .00089
L1AA .0573 .0620 .00080

Figure |7 - Sample Print-Out for Program 25(Sheet | of 2)
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DOWNCOMER CARRYUNDERVERIF ICATION
L0G-LOG ANALYSIS

RUN  ALPHA MEAS, AU?HA CALC. X -COORDINATE

L42AA 0617 0662 .00075
L3AA .0670 .0708 .00070
LEAA .0677 .0763 00065
L5AA .0753 .0816 .00061
LBAA .0906 .0886 .00056
51AA .0L42 .0551 00090
" 52AA L0543 .0632 .00078
53AA .060L 0704 .00070
688 .0239 .0358 .00139
. 7BB .0365 | .0439 .00113
888 .OL11 .0490 .00101
988 .0459 .0526 .00094
1088 .0522 .056k4 .00088
1188 .0540 .0617 .00080
1288 . 0584 .0652 .00076
1388 .0630 .0709 .00070
1988 | .0518 .0L8L .00103
2088 0640 .0555 00090
21BB .0733 .0639 .00078
2288 .0822 .0703 .00071
2388 0846 .0762 .00065
2988 .0520 .0499 .00100
3088 .0569 0541 .00092
3188 .06L46 .0590 .0008k
3288 .0703 0642 .00077
7¢C 0418 .0L86 .00102
8cC 0L 5k .0537 .00093
- 9CC .0540 - .0598 .00083
10CC .0632 0634 .00078
11¢C .0650 .0685 .00072
12CC . 0681 0722 .00069
13CC .0729 0773 0006k
14cc 0757 .0803 .00062
15CC .0785 - ,084] .00059
23CC 0637 0545 .00091
2hcc 0702 .0589 00084
25CC .0799 0645 .00077
26CC .0838 0712 .00070
27¢CC .0855 07k .00067
28CC .0928 .0778 0006k
29CC 0947 .0828 .00060
30CC .0959 .0863 00057
31CC .1028 .0937 00053
32CC .1079 0974 00051
LoCC .0653 .0601 .00083
41CC .0727 .0660 .00075
42CC .0766 .0725 .00068
43CC .0839 © .0768 .00065
yLCC © 0865 .0813 00061
L5ce .0937 ~.087 .00057
46CC .0957 .092 00054

Figure 17 ~ Sample Print-Out for Program 25(Sheet 2 of 2)
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Figure 19 - Ten Inch Diameter Centrifugal Steam Separator Mode |
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Outlet Nozzle Model 27

Cutlet Nozzle Model 30

Figure 20 - Twenty-four Inch Outlet Nozzles
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Outlet Nozzle Model 36

Outlet Nozzle Model 4O

Figure 26 - Short Outlet Nozzles
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Outlet Nozzle Model 32
Top View

OQutlet Nozzle Model 32
Side View

Figure 29 - Turning Vane Outlet Nozzle
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STOP

CORE CLEAR PAGE 1

"CENTRIFUGAL SEPARATOR—SEPARATlNG LENGTH [1i=1111 YANT GREENDALE
GPM = GALLONS PER MINUTE : ' ‘

DS = DI
0V = DI

AMETER OF SEPARATOR (INCHES)
AMETER OF VORTEX (INCHES)

‘N = NUMBER OF ITERATIONS = (RS-RV) X L

'E = EXPONENT IN EQUATION C= VIN*(R**E)
PW = DENSITY OF WATER (LB/CUBIC FT)

PV = DENSITY OF VAPOR (LB/CUBIC FT)
GAMMA = SURFACE TENSION (LB FORCE/FT)

TEMP =
VIN = |

TEMPERATURE (DEGREES F)
NLET VELOCITY (FT/SEC)

RB=BUBBLE RADIUS (FT)
'VAX = AXIAL VELOCITY (FT /SEC)

AREA =

SEPARATOR . X=SECT 1 ON (FT SQUARED)

R = SEPARATOR RADIUS (FT)

VTAN =

AVERAGE TANGENTIAL VELOCITY (FT/SEC)

RAV = AVERAGE BUBBLE PATH RAD{US. (FT)

" ENG = N SUB G - PEEBLES
VB4=BUBBLE VELOCITY - REGION 4 (FT/SEC)
VB3=BUBBLE VELOCITY - REGION 3- (FT/SEC).

VB4M=MI|

NIMUM BUBBLE VELOCITY - REGION L (FT/SEC)

T = TRANSIT TIME (SECONDS)
- SAX = AXIAL TRAVEL DISTANCE (FT)

STAN =

TANGENT 1AL TRAVEL DISTANCE (FT)

1 READ2,GPM,DS,DV,N,E,PW,PV,GAMMA, TEMP,VIN, RB

PRINTB
PRINTL,
PRINTS,
PRINT6,

GPM, DS, DV
N,E,PW - ,
PV, GAMMA, TEMP 4

VIN, RB

ASEP=(3.1416%((DS**2)~(DV¥*2)))/( (k. *1bk,))
VAX=(GPM) /(449 *ASEP)
C=VIN*( (R)**E)

VTAV=0
A=1 °

S=N ‘
DO10J=1,

N

V=C/(R—( 0208*A))**E
VTAV:VTAV+(V/S)

PRINT9,ASEP, VAX, VTAV

RAV=(DS+DV)/h8

ENG=8, *((VTAV**Z)*(PW—PV))/((B *(RAV)*PW))

-VBh=, 8253é£(ENG**4)/32 o2) %%, 083)*(((GAMMA*32 2)/PW)%** 25)
PRINT19

VB3=1.1

PRINT18

Lesg((sue/sz .2)%%,167) )*( ((GAMMAX32,2) / (RBXPW) )**.50)

VBLM= , 663%( ( (GAMMA*32, 2)/(PW))** 75)*(1, /RB)
PRINT17, VBAM
IF (VBU=VBLM)11,12,12

11 PRINT13,RAV,ENG,VB3

VB=VB3
GOTO15

12 PRINTI# RAV, ENG, VBL

Figure 30-A - L|s+|ng of CompuTer Program for Separaflng Length
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PAGE 2

VB=VBL
T=((DS=DV)/24.)/(VB)
SAX=(VAX*T) .

© STAN=VTAV*T
PRINT16,T, SAX, STAN

-
U

2 FORMAT(F6.0, F6.2,F6.2,13,F6,2,F6.1 F6.1, 6.4 F6.0, F6 2,F7.5)
3 FORMAT(5X, 6HGPM = F6 0, 9x 6HDS = ,F6.2,9X, 6HDV = F6.2)
L, FORMAT(5X, 9HN = |3 9x 6HE = F6.2,9X 6HPW = ,F6.1)
5 FORMAT(5X,6HPS = F6 1 9x 6HGAMMA=, F6 .4, 9X, 6HTEMP = F6 0)
6 FORMAT(5X,6HVIN = F6 2,9X, SHRB =,F7.5)
9 FORMAT{5X, 6HASEP= ,F6 3,9X,6HVAX = ,F6.2,9X,6HVTAV= ,F6,2)
13 FORMAT(BX 6HRAV = ,F6,2,9X,6HENG = ,F6.0,9X,6HVB3 = F6 2)
14 FORMAT(5X, 6HRAV = ,F6 2,9X, 6HENG = F6.0.9X 6HVBY =- F6 2)
16 FORMATESX 6HT IME= ,F6.2,9X, 6HSAX = F6 2,9X, 6HSTAN= ,F6.2//)’
17 FORMAT{10X, 6HVBAM =,F6.2)
18 FORMAT(IOX 6HVB3 =,F6,2)
19 FORMAT (10X, 6HVBLY = F6 2)
IF(SENSE SWITCH 9)20, 1
20 STOP
END

. END OF LISTING

Figure 30-B - Listing of Computer Program.for Separating Length (Continued)
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GPM = 2000,

‘i - N ‘= 14

.PS = o‘
- VIN = 9.
ASEP= |,

- VB3
, VB4
. RAV = e 7
- TIME=

- GPM = 2000,

N o= 1k

PS.‘F- ol
' V|N = 9075

" ASEP= 496
. VB4 =
VB3 =
VB4M =

RAV = 27
TIME= .19

Figure 31-A -~ Cqmbufer Print-Out; %;;arafing‘LengTh; VIN=9.75 varying R8’

N omd e -

- o ot E

£0 B
WO

1.72

O NI

-tk w=b
owv &
NN

b weh b
N oS

1.46
1.36

‘Ozl‘

04 ’
L

DS

E = »30
GAMMA= ,0043
RB = ,00278

- VAX = 8097

ENG = 1295,

SAX

i

DS = 10,00
E = .30
GAMMA= .0043

RB = ,00347

VAX = 8097

ENG = 1295,
SAX = 1.51%

DS = 10,00
E = ‘ 030
GAMMA= ,0043

"RB = 00417

VAX =3 8097
ENG = 1295.

SAX = 1.66

DS = 10,00

’ E é 030

GAMMA= 0043

RB = 00487
) VAX = 8.97

ENG = 1295,

SAX = 1.79

DS = 10,00 -

E = 030
GAMMA= ,0043
RB = ,00556

VAX = 8,97

t

ENG = {295,
SAX = 1079

10.00

-1.35.

pv = 3,00
PW = 6006
TEMP = 175.°

VIAV=  11.48

VB3 = 1.92
STAN=  1.73

DV = 3,00
PW = 60,6
TEMP = 175,

VTAV= 11.#8

VB3 =  1.72 -

STANB 109h 

bv = 3,00
Pw_ = '60.6
TEMP = 175.

VTAV= 11,48 |

VB3 = 1.57.
STAN=  2.12

DV = 3.00

PW = 60061
TEMP = 1750

VTAV=  11.48 "

" VBL = 1.46

STAN="- 2,29

DV = 3,00

PW = 60,6
TEMP. = 175,

VIAV= 11;48A

VBL = 1.46
~ STAN= . 2,29



Figure 31-B - CompuTer Print-Qut; Separating Length: VIN = 8.00, Varylng R8

1.28

1,61

1.99

GPM = 20000
N = 14
PS = ol
VIN = 8.00
ASEP= 196
VB4 =
VB3 .=
VB4M =
RAV = «27
T IME= w16
GPM = 2000,
N = 14
PS = i |
VIN = 8.00
VB4 =
VB3 =
VBLM =
RAV = 27
T'ME= 018
GPM = 2000,
N = 14
PS = ol
VIN = 8.00
ASEP= 496
VB4 =
"VB3 =
VBLM =
" RAV = «27
T IME= .19
GPM = 2000,
N =" 14
PS = .1
VIN = 8.00
ASEP= 496
VBL =
VB3 =
VBLM =
RAV = = ,27
TIME= 21
GPM = 2000,
N = 14
PS = .
VIN = 8.00
ASEP= 0496
VB4 =
VB3 =
VBUM =
RAV = o227
TlME= .22

DS = 10.00
E = «30
GAMMA= ,0043
- RB = ,00278
VAX = 8.97
ENG = 872.
SAX = 1.45
DS = 10,00
" E = .30
GAMMA= .0043
RB = ,00347
VAX = 8.97
ENG = 872,
SAX = 1.62
DS = 10,00
E = .30
GAMMA= ,0043
RB = ,00417
VAX = 8.97
" ENG = 872.
SAX = 1.77
DS = 10.00
E = 030
GAMMA= ,0043
RB = ,00487
VAX = 8.97
ENG =l 872.
SAX = 1092
DS = 10,00
E = 030
GAMMA= ,0043
‘RB = ,00556
VAX = 8.97
ENG = 872,
SAX 2 oL
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DV =
PW =
TEMP =

VTAV=

VB3 =
STAN= -

DV =
PW =
TEMP =

VTAV=

VB3 = .

STAN=

DV =
Pw =

TEMP =
VTAV=

VB3 =

STAN= -

DV =

TEMP =

VTAV=

VB3 =
STAN=

DV =
PW =

TEMP =~

VTAV=

VB4 =
STAN_

3.00
60.6
175.

9.42

3.00
60.6
175.

9.42

1.28
2.14
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Figure 32 - Inlet Nozzle Model 2
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Figure 33 - Velocity Profile of Model 2 Inlet Nozzle
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Figure 37 - Velocity Profile of Model 4 Inlet Nozzle
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Figure 46 - Future Geometry Changes for Reduced F low Area Riser Studies
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