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SYSTEMATIC INVESTIGATION OF THE DESIGN PARAMETERS
OF A SLIT AEROSOL CONCENTRATOR

1.0 INTRODUCTION

The particle concentration principle is used by the
Department of the Army irn the XM19 Alarm and the XM2 Sampler.
The concentrator operates on the impaction principle, removing
large particles from the air stream by inertial separation.
However, the particles are not impacted on a solid surface
but are directed into a region of low-flow air. This low-flow
air is then directed to the particle assay device.

The present concentrator has been developed from a single
circular noz2zle concept into a multinozzle array which reduces
the energy requirements when high-flow rates are desired.
Although this unit performs satisfactorily, a slit-type concen-
trator has the potential advantage of a simpler construction
and attendant reduction of both fabrication costs and mainten-
ance costs.

The scope of this contract was to conduct a systematic
investigation of the design, fabrication and evaluation of a
slit air-to-air aerosol concentrater. Factors which were to
be considered in determining an optimum design were stability
of operation, criticalness of physical dimensions, slope of
particulate separation, concentration ratio, economy of
maintenance and cost in production of quantities up to 1,000
units.

The concentrator design shall have an input flow rate of
1,000 ¢/min. with a maximum of 30 c¢m of water total pressure
drop. The 50% separation characteristic (cutpoint) shall be
for aerosol of 2.5 um with a specific gravity of 1.25. The
output flow rate containing the particles greater than the 50%
cutpoint shall be between 10 and 15 ¢/min. The concentrator
i will have an inlet or pre-impactor designed to minimize the
entrance of particles of 15 um or greater in size into the
concentrator.

After thorough investigation of the various design para-
meters, a proposed design of the slit concentrator was submitted
to the Government for approval. Having received approval of
the design, four identical concentrators were fabricated,
tested and delivered to the Government for further evaluation.




2.0 PRELIMINARY INVENSTIGATION

2.1 Description of a Concentrator

As described in the introduction, a concentrator operates
on the principle of inertial separation. Figure A-1 shows the
principle of operation of a concentrator. Air flows through
the inlet nozzle and is divided into two fractions, Q, and Q..
Large particles will be impacted by their inertia intg the dead
air space or low-flow region of the receiver nozzle and be
removed by Q. (concentration flow). The ratio Qj/Qc is called
the concentration factor, since all the large particles have
geen ?oncentrated into Q.. Typical values of Qj/Q. are from

o 0,

Part of the small particles will also be in Q¢; this
fraction is Q./Qi. In order to more completely separate the
small particles }rom the large, a second concentrating stage is
added. The flow Q. from the first stage is subjected to this
second concentrating stage. The overall concentration factor
is then the product of the factors for both stages. For example,
if the concentration factor for each stage is 8, the overall
concentration facter is 64. Small particle contamination in
the large particle stream has been reduced to about 1.5 percent
after processing by both stages.

Some of the critical parameters of a concentrator are
nozzle shape and nozzle slit width for both inlet and receiver
nozzle. Also, the spacing between the nozzles is critical.
Ratios of flow rates are not so critical, but must be maintained
within certain values. When a two-stage concentrator is used,
balance of the flow rates between stages is very critical.

2.2 \Literature Review

In order to help develop a design concept for a slit-type
aerosol concentrator, a review of the literature on impactor
concentrators and virtual impactors was conducted. Most of the
references cited are conigsned with slit zggactors or impactors
in general. Only Forney and Loo et al deal with concen-
trators; with Forney specifically on slit concentrators.

The performance of an impactor is generally shown by
plotting particle collection efficiency, E, versus the square
root of the Stokes number, (Stk)%. The Stokes number is defined
as the ratio of the particle stopping distance to the half width
or the radius of the impactor throat,

10
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p =
e W72
Where Py * particle density |

C = Cunningham slip corvection factor
V0 = air velocity at the throat
Dp * particle diameter

= fluid viscosity
W = jet width or diameter

From this s-shaped curve, the 50% cutpoint of the impactor
can be determined. The steepness of the curve determines the
sharpness of the cutpoint.

A good theoretical dnaz{gis of impactor performance is
presentsi by Marple and Liu 2) and is summarized in the book
by Liu . In the study, the impactors were characterized by
three dimensionless parameters--S/W, T/W, and Re--where S = jet-
to-plate distance, W = jet width or diameter, T = jet throat
length and Re = iet Reynolds Number based on the hydraulic
diameter of the jet, 0y (D = W for round jets, Dp = 2W for
rectangular jets). In general, the theoretical performance
curves are similar in shape and the position of the curves on
the (Stk)? axis remains relatively constant provided the para-
meters are held to the following approximate values (for rectan- |
gular jets): :

S/ =1 to 1.5
T/ =2 8.5 to 1
Re = 500 to 15,000

According to Marple, the agreement between theoretical and
experimental is very qgood for both round and rectangular impactors
if the impactor inlet conditions, shape, and Reynolds Number are
similar. A glance through the literature shows that experimental
results can vary widely as shown in the following table. Presented
are the approximate (Sth)? values at the 507 cutpoint of the
impactors.




INVESTIGATOR (stk)"
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Marple and Liu (Theoretical) 2
Forney 0.36
Lundgren 0.6
Mercer and Chow 0.85
Willeke (Sierra Hi Vol) n.7
Cooper and Spielman 0.45

This variation in performance shows that an impactor will
perform according to theoretical values only if designed in i
accordance with the theoretical model. : ]

Aerosol characteristics can influence the cglibration of

impactors, as discussed by Jaenicke and Blifford\6). They 3
have made calculations showing that aerosols must have a i
standard deviation (o) of <5% in order for calibrations of :
impactors to be realistic. For aerosols with a larger o, cali- g
brations will result in an s-shaped curve and with a slope not : 1
as steep as that predicted by theory. However, the value of the
50% cutpoint will not be affected. The shape of the curve can i
also be affected by using such monodisperse aerosols such as :
polystyrene spheres which contain some fraction of doublet '
particles. Even 2% of doublet particles will produce an s- ;
shaped curve.

The performance of impactors is also affected by various
other parameters as discussed by Marple and Hilleke in reference 3
7. The inlet should be tapered or conical in order for the
particles to accelerate to the fluid velocity in the throat of
the nozzle. Obstructions at the inlet which cause the flow to
approach the nozzle horizontally affects the impactor performance.

Forney(5) has designed a variable slit concentratoi gatterned
after the variable slit impactor of Cooper and Spielman 37,
Essentially this is a standard impactor sliced in half; a verticle
wall cuts off one half the slit and the impaction plate or virtual
surface. The tapered half of the slit is moveable so that the
slit width, W, can be varied, yet maintain a constant S/W.
Reynolds number is held constant by holding the total flow
constant. The instrument is calibrated by using a single size
aerosol and varying the slit width.

Neither the variable slit impactor not the concentrator
perform according to theory. For example, the (Stk)? at the
50% cutpoint for the concentrator of Forney is 0.36 while
theory puts it at 0.7. Also, the slope of the curve is 1.32
while theory puts it at about 1.05. h
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Possibly some disagreement may be due to the fact that the
length of the slit was very short (2 cm). The theory was
derived for a slit with very large aspect ratio (L/H{.

2.3 Design Concepts

In Liu's book(7), Marple and Willeke have written a section
entitled "Inertial Impactors: Theory, Design, and Use". In
this article they describe a procedure for designing a slit
impactor. Basically, one must choose a 50% particle cutpoint
diameter and a jet Reynolds number. From a nomogram the jet
width, W, and the flow rate per unit length of the jet, Q/L,
can be deteremined. Total length of the slit can be calculated.

Taking 2.5 micrometers as the 50% cutpoint, and a Reynolds
number of 3,000, then from the nomogram, W = 0.16 cm, Q/L = 15,
and L = 66.7 cm for a flow rate of 1,000 ¢2/min. This length
is rather excessive if the unit is to be as small in size as
practical (even if the slit is broken down into several parailel
slits). Choosing a value of 10,000 for the Reynolds number gives
a value for W of 0.3 cm, Q/L = 50, and L = 20 cm. This length
of slit is more reasonable as a starting point for design of a
slit concentrator.

Taking some convenient size, such as 1/8" = 0.317 cm, the
following values can be determined:
W=10.317 cm
Q/L = 53
L = 18.87 cg
Area = 5.98 cm
Vo = 2787 cm/sec
Re = 11,800

In order to incorporate this slit length into the most
compact unit, various arrangements were conceived and are
presented in figures A-2 to A-4. OQOther arrangements are also
possible. The arrangement shown in figure A-4 appears to be
advantageous for at least two reasons: (1) it is the most
compact and; (2) the slit has an infinite aspect ratio.

3.0 DESIGN CONCEPTS INVESTIGATED

Since there was very little in the literature regarding
slit concentrators, it was decided to design, fabricate and
test briefly various arrangements and shapes of nozzles in
order to determine which would perform the best. In all cases,
only single-stage units were considered in order to simplify

13




design, fabrication and testing. Any design which performed
satisfactorily as a single-stage unit could readily be incorp-
orated into a two-stage concentrator.

Two criteria used in determining whether a design was
acceptable were (1) steepness of slope of the particulate
separation curve; and (2) particulate impaction or loss in the
concentration or large-particle flow channel. Losses in the
small-particle flow channel were of little concern in this study.

Figure A-5 shows the critical parts of a concentrator and
the nomenclature to be used in identifying these dimensions in
this report.

3.1 Annular S1it Concentrator

Figure A-6 shows a schematic of annular slit concentrator 1.
Air flow entered the circular inlet slit nozzle downward. The
large-particle flow continued downward while the small-particle
flow was directed radially outwardg. The inlet slit width was
0.366 cm, with an area of 6.99 cm“. Inlet flow rate was 1000 &/min.

Figure A-7 shows details of annular slit concentrator 2.
This concentrator was very similar in design and operation to
1, but with some modification in the nozzles shape.

Annular slit concentrator 3 is shown in figure A-8. This
concentrator was approximately 10.2 c¢cm in diameter with inlet
air flowing radially inward. The large-particle flow continued
radially inward to the center and then down, while the small-
particle flow was directed circumferentially downward. The
inlet nozzle slit width was adjustable as was the receiver
nozzle slit width. Air flow was 1000 2/min.

Other nozzle shapes were fabricated for annular slit
concentrator 3 and tested. These are shown in figure A-9.
Various modifications were also made in the large-particle or
concentrator flow channel and are depicted in figure A-10 and
A-11.

3.2 Straight Slit Concentrator

A straight slit concentrator was designed and fabricated
as shown in figure A-12. Wide steps were milled in thick
material down to the desired thickness, T or Tp. Then the
inlet and receiver nozzle slits were milled to the appropriate
width and length. This concentrator would be one of the simplest
and least costly to make. The spacing between the nozzles could
be readily varied. Other variables such as T or W required
permanent alteration or making up a new plate. The length of
the inlet slit was 7.62 ¢m and the width was 0.196 cm. It was
designed for a flow rate of about 210 &/min.

14




3.3 Modified Straight S1it Concentrator

Because of heavy aerosol losses near the ends of the slits
in the strafght slit concentrator described in 3.2, a unique
design was conceived, designed and fabricated. This design is
shown in figqures A-13 and A-14. The slits are made by drilling
two holes of appropriate size, separated by the approximate
length of the slit desired, then milling out a slit connecting
the holes. The relationship between the slit width and end
holes was arbitrarily chosen. For the inlet nozzle d/W = 1.54,
while for the receiver nozzle d,/W, = 1.87. The ratio of
d,/d = 1.26, a value which is the game as the ratio of receiver
ntzzle diameter to inlet nozzle diameter in circular nozzle
concentrators. This concentrator was designed for a flow rate
of about 125 t¢/min,.

As shown in figure A-13, both the inlet and receiver nozzles
protrude from their respective plates. This design feature was
borrowed from circular nozzle concentrators because it reduces
aerosol losses.

Another variation of the modified straight slit concentrator
was designed and fabricated. This is shown in fiqure A-15. The
nozzle shape and flow patterns are the same as shown in figure
A-13. This unit was designed for a flow rate of about 900 1/min.

4.0 SELECTED DESIGN

Upon completion of testing all the units described in
Section 3, it was obvious that the modified straight slit was
superior as far as aerosol losses were concerned and at least
equal to others in the slope of separation curve. Therefore,
it was selected as the design to be systematically tested.

A single stage concentrator was designed which could be
used for this systematic investigation. [t was designed so
that beth the inlet and receiver nozzles could be readily
replaced. The inlet and receiver nozzles would be precisely
aligned when the concentrator was assembled. Spacing between
the inlet and receiver nozzles could be readily varied and
determined exactly.

5.0 TEST PROCEDURES

5.1 Aerosol Generator and Analysis

The laboratory generated aerosols used in the tests were
generated from alcohol solutions of uranine or uranine-methylene
blue of various concentratinns. These particles were generated
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with the ERC Spinning Disk Aerosol Generator and have a o

of about 1.15. This aerosol generator is equipped with a sadio-
active source which reduces the charge on the aerosol particles
to that closely approximating the equilibrium Boltzman distri-
bution.

To measure the aerosol distribution for these tests,
absolute filters were used downstream of the concentrator
unit. Particulates in the flow streams are collected on
these filters, which are then analyzed by standard fluorescence
techniques. The various parts of the concentrator are rinsed
off and this solution is also analyzed fluorometrically. This
analysis gives the fractional distribution of the total amount
of aerosol sampled or ingested by the concentrator.

Aerosol size is determined using an optical microscope.
All aerosol sizes in this report refer to particles of 1.25
specific gravity.

5.2 Flow Measurements

Air flow measurements were made with calibrated rotometers,
gas meters, and/or a calibrated orifice meter.

6.0 TEST RESULTS

6.1 Annular Slit Concentrators

6.1.1 Annular S1it Concentrator 1

This design is shown in figure A-6. This unit was
tested only briefly because of high losses. Part of the
reason for these high losses was that the unit had a very
audible sound (whistle) emanating from it. Various minor
modifications failed to eliminate this sound.

6.1.2 Annular S1it Concentrator 2

As shown in figure A-7, this design is only slightly
different than that of annular slit concentrator 1. This
design change was made in hopes of reducing the aerosol losses
and eliminating the characteristic sound. The characteristic
sound was eliminated but losses were higher than in unit 1.
Various minor modifications failed to reduce these losses.

6.1.3 Annular S1it Concentrator 3

A third design of an annular slit concentrator is
shown in figure A-8. This design is different from 1 and 2
in that the air flows radially inward through the inlet nozzle.

16
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This unit was tested more thoroughly because
aerosol losses were substantially lower than 1 and 2. 1In
attempts to bring these losses down to an acceptable level,
a number of changes in the nozzle shape were made and tested
as shown in figure A-9. Also a number of modifications were
made in the large-particle flow channel (figures A-10 and A-11)
in attempts to reduce aerosol losses in this region. However,
none of these changes reduced the losses to an acceptable level.
Losses in this design were especially heavy for larger aerosol
sizes.

6.2 Straight S1it Concentrator

The straight slit concentrator design is shown in figure
A-12. This unit also had losses that were substantailly lower
than some of the annular slit concentrators. [t was tested
over a range of parameters but none of the changes reduced the
losses to an acceptable level. The slope of the particulate
separation curve was shallow, indicating poor cut off character-
istics.

6.3 Modified Straight Sl1it Concentrator

The design for the modified strafght slit (sometimes called
the "dumbbell” slit) concentrator is shown in figures A-13 and
A-14. The unit showed marked superiority in both aerosol losses
and slope of separation curve. Losses near the ends of the
slits was greatly reduced.

Since this design had a very short slit and, therefore,
a low flow rate (125 2/min) another unit was fabricated as
shown in figure A-15. This unit had a flow rate of 900 ¢/min,
near the desired flow rate of 1000 2/min. However, it had a
very loud, low-pitched sound at all flow rates. This persisted
even after various minor modifications. The sound was finally
eliminated by blocking off the cross slits, thus having just
one straight slit.

Another unit with one long straight slit was fabricated
and briefly tested. Although the results of tests on this
unit were not as good as the results for the shorter slit
unit (figure A-14), they were encouraging enough to decide to
use this design for a systematic investigation of the various
design parameters.

6.3.1 Systematic Test Plan Data

As described in Section 4, a concentrator unit was
designed and fabricated to systematically test the design
parameters of the slit concentrator. Table B-1 shows a list of
some of the variables which affect concentrator performance.

17




Nozzle length is a variable only in that it determines
the total volumetric flow rate for any given nozzle slit width
and velocity. Another factor which may affect concentrator
performance is the angle of fluid approach to the inlet nozzle.

Initially it was decided to test the variables which ;
most affect concentrator performance. These are nozzle velocity E
(V), aerosol size (Dp), inlet nozzle width (W) and receiver |
nozzle width (W,). 8f the remaining variables, some have

numerical relat*onships to each other as determined by previous

work, while others will be assigned arbitrary values. These

are shown in table B-2.

Initially a test matrix was set up as shown in table

B-3. After this matrix was completed, it was decided to

conduct additional tests in order to better deteremine the

effect of velocity and the effect of receiver nozzle width.

An additional test matrix was set up as shown in table B-4. i
Some of the results of the initial matrix fit into this second i
matrix. Some tests were also conducted at Wp/W of 2.50, not i
included in either matrix. :

The results of these tests are shown in tables B-5
to B-8. The total aerosol sampled was divided as follows:

1) That which was in the concentration or large-
particle flow stream.
2) That which was impacted or lost and could be
re-entrained into the concentration flow. i
3) That which was in the penetration or small-
particle flow stream.
4) That which was impacted or lost and could be
re-entrained into the penetration flow.

The percentage of aerosol in the penetration flow stream and
penetration losses is not shown since this fraction was of
lTittle interest to the Government.

The tables also show the calculated values of the
impaction parameter, y, for each test. From each group of
tests, paired values of efficiency (concentration) and
impaction parameter can be used to determine mathematically
a linear equation which will best represent the relationship
between these two variables. The relationship can be expressed
in the form of the regression equation Y = a + bX, where b is
the slope of the 1ine and a is the Y intercept. Y in this
case is the efficiency and X is y. From this equation, one
can determine the value of the impaction parameter at 50%
efficiency, the slope of the particle separation curve, and

18




The 50% particle cutpoint

the geometric standard deviation og,.
size can be calculated from the 1mgact10n parameter equation.

It was noted that concentration losses were higher
inside the end holes of the receiver nozzle than inside the
straight portion of the slit. Penetration losses are also
higher near the end holes. A series of tests was performed to
determine the effect of changing the end hole diameter (dg) of
the receiver nozzle. The pertinent data for this series
(Series B-1) is presented in table B-9. The results of this
series of tests are presented in table B-10.

Test Series D was performed to determine the best
value of the spacing (S) between the inlet and receiver nozzle.
Table B-11 lists the pertinent data for this series. Table
B-12 presents the results of Test Series D.

Test Series E was conducted to determine the best
value for the inlet nozzle throat length (T). Table B-13
lists the pertinent data for this series. The results of this
test series is presented in table B-14,

Table B-15 shows the air flow calibration for three
inlet nozzles.

6.3.2 Data Analysis

6.3.2.1 Graphical Analysis

Figure A-16 shows the air flow calibration
for three inlet nozzles. Points for all three nozzles are
all represented by one straight line.

In the graphical analysis generally only
the following parameter values were used to determine mean
values for plotting purposes:

W= .254, .317 and .381 cm
Wgp/W = 1.50, 1.75 and 2.00
Velocity = 3500, 4900 and 6000 cm/sec

The exception is in figure A-19, where values of Wp/W of 1.00,
1.20, and 2.50 were also used.

Figures A-17, A-18 and A-19 show the effect
of nozzle width, nozzle velocity and Wp/W on mean concentration
losses. There is no trend in concentration losses with changes
in nozzle width. There is a trend showing decreasing losses
with increasing nozzle velocity for the velocities tested.
There is a definite minimum in concentration losses at Wgp/W of
about 2.00.
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Figures A-20, A-21 and A-22 show the effect
of nozzle width, nozzle velocity and Wp/W on the mean slope
of the particulate separation curve. ?here appears to be no

trend in the slope of the separation curve with changes in
nozzle width or changes in Wp/W. It appears that there is a
possible trend of decreasing slope with increasing nozzle
velocity, at least for larger values of Wp/W. A high value
for slope is desirable for sharp particle separation.

6.3.2.2 Statistical Analysis

The statistical analysis used for the data
is analysis of varfance. This analysis determines which
variables have a significant effect on performance of the
concentrator, or whether there is inter-action between the
variables.

Tables B-16 through B-20 are various analysis
of variance of the geometric standard deviation, o, of y, taken
from tables B-5 through B-8. Table B-21 is a variﬂnce analysis
of the mean concentration loss.

The identification of the headings for the
last part of each table is as follows:

Souce - source of variation

SS - sum of squares

DF - degrees of freedom

MS - mean square

VR - variance ratio

FO.QS - F factor at 95% confidence level
Fo.99 - F factor at 99% confidence level

Table B-16 shows that a combination of V and
W has an effect at the 95% level. Tables B-19 and B-20 indicate
that Wp/W has an effect on ag of y at the 95% level. Table B-21
h

indicates that Wp/W effects e concentration losses at the 95%
level,

7.0 FINAL DESIGN, SLIT CONCENTRATOR

7.1 Design Recommendations

7.1.1 General

The concentrator will have an inlet flow rate of
1000 2/min with an output flow rate containing the particle
greater than the 50% cutpoint of 15 2/min. The nozzles will




be of a slit design. The concentrator will be a two-stage

unit, with the concentrating ratio of each stage being appro-
ximately 8:1. The 50% cutpoint will be for 2.5 micrometer

particles having a specific gravity of 1.25. »

With the exception of the nozzle design, the concen=
trator will be of the same design and interchangeable with ”
the units supplied to Bendix Corporation, Environmental and
Process Instruments Division. ERC was a subcontractor to
Bendix on Contract Number DAAA15-77-C-0009, "Concentrator/

Collector Improvements for XM2 and XM19 Sampler.”

e i L o TN AL b

7.1.2 Inlet and Pre-impactor

This portion of the concentrator will remove larger
particles from the air stream entering the concentrator. The
pre-impactor will have an approximate 50% cutpoint for 15
micrometer particles.

The design of the pre-impactor will be the same as,
and interchangeable with, the units supplied to Bendix Corp-
oration. (See paragraph 2 of 7.1.1).

7.1.3 Nozzle Configuration

Nozzle configuration is deteremined primarily from
data analysis (Section 6.3.2).

7.1.3.1 Inlet Nozzle Shape

See figure A-23.

7.1.3.2 Inlet Nozzle Velacity (V)

According to the contract specifications,
the maximum allowable pressure drop is 12 inches of water
(30.5 ¢m). Therefore, the first stage pressure deop must be
lJimited to about 9 inches (23 cm) or a velocity of about 5400
cm/sec (see figure A-)6). The inlet nozzle velocity must also
be correlated with the slit width to obtain the appropriate
50% cutpoint. Analysis of the data showed the following:

1. Concentration losses
a. Graphical: trend toward decreasing losses with
increasing velocity.
b. Statistical: V not significant.

2. Slope of curve, graphical: possible trend toward
decreasing slope with increasing velocity.
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3. wu, of ¢, statistical: V significant only in combination
w?th W.
Recommendation: V in the range of 4800-5200 cm/sec.

7.1.3.3 Inlet Nozzle S1{t Width, W

The inlet nozzle s1it width must be correlated
with velocity to obtain the appropriate 50% cutpoint. Analysis
of the data showed the following:

1. Concentration losses

a. Graphical: no trend
b. Statistical: W not significant

2. Slope of curve, graphical: no trend
3. o, of ¢y, statistical: W is significant at the 95%

18vel.
Recommendation: W in the range of 0.25 - 0.27 cm.

7.1.3.4 Inlet Nozzle Length, L

This must be determined from the nozzle width,
velocity and inlet flow rate relationship. For example:

Q = 1000 £/min

W= 0.254 cm (d = 0.391 cm)

V = 5000 cm/sec

() 106 2

A = = G B A
rea A, of inlet nozzle v 5000 x 60 3.333 ¢cm

The length of the inlet slit exclusive of the end holes is:

<

. ) 2
o 3:333 - 2 x 3. 100391174 .
tS 1Y S teakae & YR . NHCH

L has been detined as the distance from center to center of
the e~d h2les. Then:

L = 12.18 +# .391 = 12.57 cm (4.95")

This single slit could be replaced by two parallel slits of area
equal to the single slit.

7.1.3.5% Inlet Nozzle End Hole Diameter, d

There is no experimental data on this. For
all nozzles tested, d = 1.55 W.
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7.1.3.6 Inlet Nozzle Throat Length, T

Analysis of data from Test Series E showed

the following: 1
u 1. Concentration losses: trend toward lowest losses
at T = 1.5 W.
H
' 2. o, of %: trend toward lowest values at T = 1.5 W. ¢
i Recomaendation: T=1.5MW §
1

7.1.3.7 Receiver Nozzle Shape

See figure A-24. '
7.1.3.8 Receiver Nozzle Width, Wp )

Analysis of the data showed the following:
1. Concentration losses §

a. Graphical: trend toward lowest losses at
Wp = 2.0 W
Sga

tistical: Wp/W is significant at the 95%
level.

b.

2. Slope of curve, graphical: no trend.

J, 0. oF %, statistical: HR/H is significant at the
98% tevel.

Recommendation: ”R = 2.0 W

7.1.3.9 Receiver Nozzle Length, Lr

There is no experimental data on this. For
all nozzles tested, Lg = L.

7.1.3.10 Receivcr MNoz2z2le End Hole DimeteriggR

Analysis of data from Test Series B-1 showed
the following:

f 1. Concentration losses: trend toward lowest losses at
dp = 2.76 W.

- v: no trend.

o, of
Reconaendation: dR = 2,76 W




7.1.3.11 Receiver Nozzle Throat Length, Tp

There is no experimental data on this. For
all nozzles tested Tp = 0.254 cm.

7.1.3.12 Spacing Retween Inlet & Receiver
Nozz'les, S

Analysis of data from Test Series D showed
the following:

1. Concentration losses: trend toward lowest losses
at S = W,

2. o. of ¥: no trend.
Recomaendation: S = W,

7.1.4 Inlet Nozzle Width - Velocity Relationship

In order to determine this exact relationship, an
inlet and receiver nozzle were fabricated following the design
recommendations in Section 7.1.3. The pertinent data is shown
in table B-22.

A series of tests (Series G) was conducted, the
results of which are shown in table B-23. Duplicate tests were
run for five aerosol sizes, at two velocities. Calculated
values are shown (assuming a linear relationship between percent
concentration and the impaction parameter).

From the results of this series of tests, a value of
.254 cm for the inlet nozzle slit width requires a velocity
of 5000 cm/sec to give a 50% cutpoint of 2.5 micrometer
particles of 1.25 specific gravity. This is the slit width
that will be used for the final units. The length, L, using
two parallel slits, will be 6.009 c¢cm for each slit. This will
also be the length of the receiver slits, Lg. The slits will
be spaced at 4.445 cm apart, center-to-center. All other
dimensions will be as described in table B-22.

7.2 Fabrication and Modification

After the final design was approved, one concentrator
was fabricated and tested. This unit was tested and found to
have poor performance. The 50% cutpoint was too high and
aerosol losses were considerably higher than hoped for. After
some experimentation it was deteremined that at least some of
the poor performance was due to interaction between the two
parallel slits of the first stage.
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The two parallel slits of the first stage were replaced
with a single slit of the same width, W, but somewhat shorter
in length than the combined length of the two slits. This
was done to reduce the 50% cutpoint to the desired 2.5 ’
micrometers. Also the nozzles of the second stage were changed
to the same shape as the first stage nozzles, since most of the
losses had been on the second stage. Originally, the second
stage nozzles had been of the Bendix design (See 7.1.1). Tests
with this unit indicated that the concentrator now had very
near the desired performance.

A1]l of the tests up to this point were conducted without
the preimpactor attached. The preimpactor is designed to
prevent particles of 15 micrometers diameter or larger from
entering the concentrator. The preimpactor was attached to
the concentrator and tests conducted for various particle
sizes.

The preimpactor had a very pronounced effect on the perfor-
mance of the concentrator. It caused sharp fluctuations in
the pressure drop of the unit of about 0.5 inches of water.
These fluctuations were accompanied by a popping or bubbling
noise. (The noise is reminiscent of an erratically burning
gas flame in a furnace.) With the preimpactor attached, the
cutpoint of the concentrator was altered; it was increased
to approximately 4.5 micrometers. The concentration losses
were not appreciably affected by the addition of the preimpactor.

After a number of modifications, a configuration was arrived
at which performed satisfactorily. The concentrator is shown
in figqures A-25 and A-26. The changes which were necessary
for satisfactory performance are as follows:

1. Positioning a 6 inch (15 cm) diameter plate about
3.8 cm upstream of the first stage inlet nozzle, forcing all
of the ajr stream to approach the nozzle at an angle.

2. This required the addition of a 25 cm diameter and
7.6 cm high chamber to the inlet section, and

3. Locating the flow control holes between the first
and second stage closer to and on lines parallel to the
receiver nozzle to reduce losses.

7.3 Data on Final Design of Nozzles

Table B-24 shows the data on the first stage noz2zles.
Table B-25 shows the data on the second stage nozzles.
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7.4 Test Results

After fabrication of the four concentrators, they were
tested to determine their individual operating characteristics.
For all of the units, the pressure drop at the designed flow
rate of 1000 liters per minute was 11.2 inches = 28.4 cm of
water. Presented in table B-26 are the aerosol separation
characteristics of the units. Concentrator 2 was not tested
because it had been shipped for testing to the Government.

For each concentrator, duplicate tests were conducted for
three aerosol sizes near the 50% cutpoint. These six tests
were then used to compute the 50% cutpoint and slope of the
separation curve (See Section 6.3.1). Tests with larger size
aerosols were also conducted to determine the 50% cutpoint
of the preimpactor. These results are also presented in
table B-26.
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APPENDIX B

TABLES




vy

TABLE B-1. CONCENTRATOR VARIABLES

Nozzle shape
Inlet nozzle velocity, V {

Aeroso) size, Dp

Spacing between nozzles, S
Concentration ratio

Inlet nozzle width, W

Inlet nozzle end-hole diameter, d
Inlet nozzle throat length, T
Receiver nozzle width, Hr

Receiver nozzle end-hole diameter, dr

Receiver nozzle throat length, Tr

TABLE B-2. ASSIGNED VALUES FOR CONCENTRATOR VARIABLES

o lR = 6,35 ¢m

S = 0.8 R

d = 1.58 ¥

 ; W

dR s 1.26 d = 1.94 %
TR = 0.25 cm

Nozzle shape = as in Fiqures A-13 & A-14

Concentration ratio = approximately B8:)




TABLE B-3. INITIAL TEST MATRIX

W= .198 W = .254 W= .381
W /W Wo /W W /W
1.0 1.2 1.5 18 92 13 10 1.2 1.8
Va
e - - —4- b -4 — —
Vg ]
e

vB was selected to provide an approximate 50% cutpoint for ]
2.5 um particles. i

Vy was a lower velocity than Vg. ‘

PSS

Ve was a higher velocity than VB'

fach square represents a minimum of 3 tests, each test with
a different size aerosol. Aerosol size was selected in the
range of 25%1-90% efficiency.

e L v
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TABLE B-4. SECOND TEST MATRIX

3
W= .254 N 317 W= 381
W /W W /W W /W
1.5 1.75 2.0 1.5 1.75 2.0 e ke o
Yy
- S _.‘T B e ES—
P
Vs
b

V, = 3500 cm/sec

1

V, = 4900 cm/sec

2
V3 = 6000 cm/sec

Each square represents a minimum of 3 tests, each test with a
different size aerosol. Aerosol size was selected in the
range of ?5%-90% efficiency.




T T T o A T e ™ Ve ¥ W W Ry .| ™y L

T A A I Y 52 AV 50 .14 Ty A A Y A S I TS S

T6L9° Lzt 8°2¢ 9°2 |
(Lot 99°1 €2°¢ #0S° - 9€§° 0°2 R £°2 |
992 9°0 S°82 9°1 006¢
3 —6LLL L' 9°%6 .
s” 289° L8 ¥ 9§ 1’8
8EL” 081 €8°2 085" ™ #8¢p° 0°¢€ 9°2¢v 9°2
[ 28¢g" 5% £°9¢ M ] 00S€
. 988° 2°91 g -EL (B
(4% N et 92°€ 2LS° - LIS’ " g | 0°6¢ 1°€
L29¢e” L0 L7 9¢ 9°2 0092 0s°I
i 649° 0°§1 y°S¢ 9°2
8v6 " £8°1 Loz €ey’ < pES° €22 v°9S £°¢
L992" 0°8 €£°6¢€ 91 006t
. 289° LBl y°8S o
1§78 v8° 1 SL°2 8¥§° - 8y’ 6°91 8'6¥ 9°2
L2BE" 8°S L79E £°¢ 00SE
988" 6752 g 7 A L'y —
LEL’ 4 9€°E 909° = LiS v'8 S'2¢v Lk o
C19€° 0°1 {1 e 9°3 0092 02°1
619" 0°2¢ y°S9 9°2
?08° 2671 8L°2 08y- < PES” 9°%2 9°1LS £
992" 17 ¢ 8°LE 9°1 006v
289" 9°S¢ 9°09 L1°8
seL-’ 88" 1 11" 2£5° = 8y’ 102 £ LY 92
_28¢° 2°01L 9°8¢ £°2 00SE
“y88° L2 £°L (O
SE9° (6°1 0Z°t 288 - LS’ 9-22 8°9¢y e
L9E° 0ot v 8¢E 92 0092 00°{
+do S §<»qlowa Iy 30%e [} $S0| Ju0) uch|\~mJu (d9s/w)) _ N
20§ L {0S0ou42 340 JuUdddag g A ux

W 86L° = N
vV S3I¥3S 1S31 °Ss-8 379l




- ——

b e ee —
T059° vt 1'29 972
96€°1 E¥L Ll¥2 195 - €L§° £°0 0'#y €2 ;
0Ey" L0 25k 4% 0009 ,
062" 1 p°2 £°96 L°¥
8wl 12 '8 L€ |
069" 08°'L 6/(°2 (9" 0€s " §'2 L6 9°2 |
6Ly v°0 Tt G 006%
226" £°91 S LE A
(L9 €6°L B80'€ (ES° - E£§° 21 6°Sy L°E
«.6L€" g | 02y 9°2 00S€
TLe8” 80 £°'86 S°¢ 1
9¢ " L 99 L 19°F G595 - (69" 2°S 1'85 L°®
_€0y" p°0 i . R 0092 0§°1
8vL” 221 8°65 L'€
L0L” €8°L 0L°2 (L5 =~ 0€§° L ol 9'¢s 972
_6lp” £°2 g9 €2 0069
226" 0°01 8.8 L'¥
_ ££§° £°61 95 L€
£9¢° 20°2. 8L Ler' 6LE" £°¢ 2°2% 9°2
_662° 9°g 8¢y ‘B2 00S€ =
169" £ (2 L9 L'y
26L° (8°L E¥'E 969 ~ E0V° 8¢ LIRS R
L 982" '8 9°LE 9°2 0092 02°1
8vL" v°82 6°¢9 L€
998" lL°L S9°2 885" - 0€§° 6°€2 9 €S 972
6Ly 9° 9°9E £°2 0069
€€S” 892 P'PS  LE
[16" LUl L6°2 6L9° ~ 6LE° L8 92 9°2
_662° v 2 V'3 2 00s€
169" £°9¢ £°09 ,.M
. °t Ok - Ris: .~ £ £°6 9 8t 1°
s s 982" 0"t 6°L2 9°2 0092 00°1(
39(s 4 30 0o 3N) 3059 4 S50 _3ud) EILE Numg (Pas,/wl) K
S 0 |0S0J4ce 390 U343y Q A x:
CERLT AN |

,M 8 S31¥3S 1931 9-8 318Vl




¢9%0°

2EL°

SEl°

04071

gEsL L

0g8 "1

8L’ L

9.8°

s2°2

v0°2

| 22

09°1

£S° L

12 A

£5°1

" iy

99E° 1 8° v L’0E B°¢C
¢L’9 BIE°'Y ~ W6’ ¢S 9°0t 2°¢
-S08° 0°¢€ $°92 6°2 0009
ELL”t 6° v 8°LE 8°¢
09°S 8L¥°2 - 96L° 'S 1’82 2°¢
. 989° 1" 9°62 6°2 006¥
~60L° 9y 0°LE S°¥
96¢L° 'S E'hE ¢°¢C
10"9 B8£0°2Z 695" 0'% 1°0€ 2°E
_69v° 1°2 S'82 6°2 00se€ 0§°2
~089° £°0 8719 9°¢
£E°¢ £e§" =~ §1§° £°0 $°18 '8
41 0 0°#€ 072 0009
969° 8°0 0°%9 6°2
1972 0vS" = 0QES” v°0 v'8y 9°2
6Ly’ 0 0°8¢ £°2 006¢
696" € ¢ Vil €%
 J a4 S¢v° - 69¢%° g8°0 $°98 6°¢
6L€" v'0 E°2v 8°2 0058 00°2
059" 6°1 ¥'¢c9 9°¢8
(e°e ¥EST - BN 9°0 $°9%% £°¢
-26€° 0 0°¢€ 0°2 0009
959" ¢l ¢°'09 6°2
95°¢ 618" ~ OES° 21 L' 9°2
LY v°0 2'6t £°2 006y
“98L° L0 L°l6 8'¢E
696" 2°2 p'eL 2°¢
(872 v9v° T 699" 9°0 LSy 672
6LE° v°0 L°LE 9°2 00SE SL°1
IN) T Z05e TT550 Ju0) Ju0j NMJ‘Aaom\Ew% &8
208 ® L0043 g 40 JuaddJad a A ¥,

wy ps2° = M

8 $31¥3S 1531 (panuijuo))

9-8 318Vl

62




692°

vE6”

£65° 1L

Spo°t

™
0
—

L
<z
——

“E68” S Z 8¢ 8°¢

(61 Sy S0E K LE9® 0'v v vE 2°¢
L9288 ° § 2 v L2 6°2 006%

SE9° 20 Z2° b9 6°2

3L" | 69°2 089"~ #LS” 170 L*RS 9°2
Lvow’ L0 9° 2% £°2 0009

CAER" 5°0 L°§¢ R

14 A 9L ¢ v8y "~ 925° “« 0 £°8S 82
L9ey’ 10 vLY 9°2 006%

—EE9” £°0 1°28 8°¢

8571 20°¢t ¢ly” - 9Sp° v°0 9° (S e

NHE” £ D S'Ly 6°2
I_vGE" L°0 L 9C 93°2 00SE

reE9” A | 1"89 62

pis”’ 6°'0 £°5S 92

tet £ 2 65y v09- £°0 v 9v £°2
LLGLE” 2°0 g % 02 0009

~ 19" 61 628 2°¢

J 928" 71 7 e L

(v’ i (3°2 ISy S2¥° g L°SY 927
LLSEE" 2'0 A ¥ il oQey

~35h" i ¢ £°29 A

9y " L lo°2 00v '~ 9Lt" L0 il 62
- #0E"’ v'0 9 vt 9°2 oost

A8 S°CIl Ll "

231 4 S~ ¥SE°~ MOV £ ¢ S 16§ E ¢
t.ele” v°0 9°62 9°1 0009

% 4L 0¥ 0°98 't

12 vl Livy = 9¢%” B°1 ¢ LS 6°2
&74 S°0 L°0F 9" cose

Tay. 2k G619 A

¥ 1 00°¢ B0V "« 9LE° il [ 6¢E 62
.v0t’ 2'0 £ oL 9°2 00S¢E
3 poxim In) 2058 A1 5§50 Ju0) Su0) (wi ) [3as/wd)
105 B 105042 % ;0 jUdd4d4 dq \

wy Lk’ = M

(=2 $31¥3S 1S31 ~(-8 378Vl

0§72

00°2

63

051
ol
U

Y W T T Y




TEST SERIES C

TABLE B-8.

cm

. 381

Conc “Canc lnss v

Percent of a2rosol

)

0
H

v
(Cm/sec) (;

3.60 1.83 .840

.488

.261
387 -
.635_

o 5 N

2.90 2.05 .728

.443

.348 -

.490_

.346"
.438
.618

2.70 .476

2.55

421

T ONNNNMON

—_ NN W N
~N

— p—

.2617
. 367

.499 3.64 1.86 .719%

835,
274
. 348
.490

VM ™

oL

Owo

LWVONMO~NagT VMmO Me

OO T

Wem o MO~ MO Orer=MWOWer e MW= O ™M Or~ = MO -

ST NNMNNNM

N NN N

3500

1.00

43900

6000

.

3500

1.20

2.01 .730

2.96

.463

MmO ™Mo
™ WO W
—

WOONOVUMOUNEONT OO
NSOV DODNN D~ O~ ONS N~ O~
MMOOUMNP DO MOUMPOR MOV ONMODY

.846 _

O MOOWVLOOONON~
—

L3467
.438

2.71 2.07 .674

.474

ROV OOVWOAANMOUN~NN

.618 _

-
‘

NN NN N

4900

6

4

6000

3500

1.50

. 261
.367

1.82 .839

3.62

.492

535

43500

L2745
.348
.490

2.78 2.40 .611

98

3

.846 _

.

6000

L3486
.438
.618 _

2.64 1.93 .816

.449
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TABLE B8-9. CONCENTRATOR DATA FOR SERIES B-1 TESTS

L = LR = 6.35 cm
W= .2564 Cm

1 = ,305 ¢cm

T = 1,20

S = J2D3 ¢m

S/H = .80

d 391 cm

d/W = 1.54

Wp = .381 cm
HR/H IR S5

TR = ., 254 cm
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TABLE B-11. CONCENTRATOR DATA FOR SERIES D TESTS
L = LR = 6.35 cm
W= .254 ¢cm
T = .305 ¢m
T/W = 1.20
d = .39 ¢cm
d/M = 1.54 !
HR = .38l ¢cm |
HR/N = 1,50 !
TR = ,254 cm i
dR = ,594 :
dR/d 1.52 ¢cm
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TASLE B-13. CONCENTRATOR DATA FOR SERIES E TESTS

L = 6.35 cm

= . 254 cm
= y5ee Table 14)

L
W
T
S = .259 cm
S
d

/W = 1.02

" .39 ca
d/W = 1.54
HR = , 381 cm
HR/H il P - {
TR .254 ¢m
dR .594 ¢m

dR,’d x ). 52
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TABLE B-16
Column
(Wo/W), = 1.00

(Wg/W), = 1.20
(Wg/W)y = 1.50

\)q

(Mg/¥)y
o QTR
V‘ 1.87 1.174
V2 1.88 1.77
L 1:92 71
Iot‘, 5.77 5.22
i
Source SS
UR/N .04
v .05
! W .00
NR/H. v .06
Hall. W .03
Vv, M .08
Wa/W, vV, W .02

VAKTANCE ANALYSIS A

- NN

& NN e

Row Group !
2600 cm/sec H‘ = 0.198 cm
3500 cm/sec “2 = 0.254 cm
4900 cm/sec
(gwly /)

o S R S O T ]
N 1.87 1.71 1.46 10.47
.84 2.02 1.80 1.93 11.24
.83 1.83 1.66 1.80 10.75
.39 S.72 5.17 5.19 32.46
LH Y8 £0.95
.020 4.00 6.94
025 5.00 it
.00 .00 7.71
.015 3.00 6.39
.015 3.00 6.94
.040 8.00 6.94
.005

Combination of V, W are significant at the 95% level.

73




S0 4 L BRGNS SRR Ak i AV AL L T A A S i e o o A5

TABLE B-17 o_ VARIANCE ANALYSIS B

9
Column Row Group
(W /W), = 1.00 Woe .381 cm V, = 3500 cm/sec
- 1,29 # A
“‘n“‘)z Hz .254 cm 2 4900 cm/sec
- u -
(Wg/M)y = 1.50 y = 198 cm
(Wg/¥), ‘“n/“[g (Wg/W),
o k. ! Sy T e
v 1.83 2.05 1.86 2.01 182 2.0 . 1V.B¢
v, D SO W | 2.02 1.83 1.93  1.80 11.06
Wy 1.88 1.92 1.84 1.83 1.80 1.66 11.93
Total 5.48 5.68 §.72 5.67 5.56 5.86 33.96
Source $s OF MS VR Fo.95 f0.99
Wo/W .01 2 .005 .28 6.94 18
v .01 1 .010 .56 7.7
W 11 2 .055 3.06 6.94 18
'R/" " .01 2 .005 .28 6.94 18
Mg/, W .09 3 .023 1.28 6.39
V. W .18 2 .080 4.44 6.94 18
W/, v, w07 4 .018

Nothing Significant




TABLE B-18 v

VARIANCE ANALYSIS C

b |
Column Row Group ‘
] (u“/u), s 1.50 W, - .254 cm V) = 3500 cm/sec
(ua/u)2 « 1.75 U2 e« 317 cm vz = 4900 cm/sec
(U“/U)3 = 2.00 "3 « .381 cm V3 6000 cm/sec
o N T T O, TR V, V3 TOTAL
H‘ 1.93 1.80 1.43 1.49 1.75 1.53 1.44 1.53 1.6014.50 ‘,
W, 1.47 1.33 1.65 1.46 1.47 1.71 1.58 1.44 1.7613.87 J;
H3 1.82 2.40 1.93 1.47 1.46 1.73 1.62 1.49 1.5315.45 % !
Total 5.22 5.53 5.01 4.42 4.68 4.97 4.64 4.46 4.89 43.82
source 3S of L H YR Lo.gs
U'IU .22 2 110 3.52 4.46
] .02 2 .010 .32 4.46
v 4 2 .070 2.24 4.46
u./u, ' R 4 .028 .90 3.84 ?
u./u, W .36 & .080 2.56 3.84 ;
Y. ¥ .19 ] .048 1.54 3.84 {
E
U.IU. V. ¥ .25 8 L0 !

Nothing Significant
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TABLE B-19 o9 VARTANCE ANALYSIS D

-

Column Row
: (Wg/W), = 1.00 v, = 3500 cm/sec
(uR/u)2 = 1.20 VZ = 4900 cm/sec

(Wo/W) 4y = 1.50
(Wo/W)q = 1.75
(Wp/W)g = 2.00 (W = .254 cm)

(NR/H)6 = 2.50

1 e AN ¥ A

(Wg/W)y  (Mg/W),  (Mp/W)y (Wp/W)y (Wp/M)g (Wp/M)g yorp

s 2.02  1.93 1.49 .44 2.24 10.89
e - 12 1.83  1.80 1.7 1,83 2.08  10.6¢

f Total 3.48 3.8 . .28 3.24 2.97 4.28 21.55

| i
Source S oF M5 YR Fo.95 Fo.99 7
W /W .54 5 108 10.00 5.05 1.0 f
v .00 ! .000 .00 6.6 16.3
Mg/, V .09 5 .0108

UR/H is significant at the 95% level.




TABLE B-20 cq VARIANCE ANALYSIS E

Column Row
(HR/u)] = 1.50 Vy = 3500 cm/sec .
(HR/H)2 = 1.75% Vo, = 4900 cm/sec
(HR/H)3 = 2.00 V3 = 6000 cm/sec

(Wo/W), = 2.50
e (W = .254 cm)

(Wa/W), (Wg/W),  (Wp/W)y (Wg/W),  Total

e .

v, 1.93 .49 .44 2.24 7.10
v, 1.80 1.75 1.53 2.04 7.12
v, 1.43 1.53 1.60 2.25 6.8 .
Total 5.16 4.77 4.57 6.53 21.03
Source S OF MS VR Fo.95 En.99
Mo /W .78 3 260 7.8 4.76  9.78
v .01 2 005 150
Ng/M. V.20 6 .033

UR/H is significant at the 95% level.




TABLE B-21.

Column

(NRIH)‘ = 1.50

RS s o Lo

MEAN CONCENTRATION LOSS VARIANCE ANALYSIS

Row

Hl = ,254 cm

Group

v, = 3500 cm/sec

(HRIH)2 = 1.75 “2 = . 317 cm V2 = 4900 cm/sec
(HR/H)J = 2.00 u3 = ,381 cm VJ * 6000 cm/sec
("R’"% (URIH)Z (HRIH)3
o SRS SR DR | DR ey 2% nu
U, 6. 2.0 0.6 1.0 0.9 0.9 0.5 0.3 13.6
Hz 1.3 2.} 4.4 0.9 1.1 0.7 0.3 0.1 1.2
u3 2.2 3.6 1.4 1.2 1.1 0.5 0. 0.3 0.3 10.9
Total 9.7 7.7 6.4 3.1 3.1 2.1 1.1 0.7 35.7
Source Ei Ei !i !3 Fg_gs FE-!9
u“/u 24.8) 2 12.42 6.90 4.46 8.65
W 0.49 2 0.25 0.14 4.46 8.65
'] 1.62 2 0.81 0.45 4.46 8.65
"a"' W 0.27 4 0.07 0.04 3.84 7.01
w,v 8.83 E 2.21 1.23 3.84 7.0
unlu.v 0.65 4 0.16 0.09 3.84 7.01
u./u.u.v 14.40 8 1.80

u.ll is significant at the 95% level.
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TABLE B-22. CONCENTRATOR DATA FOR SERIES G TESTS

L, = 6.35 cm

.254 cm

.391 cm i
= 381 cm f
= 508 cm

= ,704 cm

o X - o x£ r
]

—
L}

.254 cm #-
.259 ¢cm :

w
L
-~
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T/W =

a
"

d/W

S/W =

a
"

dR/H'

TABLE B-24.

Le
100"
150"
1.50
154"
154
.100"
1.00
.200"
2.00
. 100"
277"
2.77

391
.254
.508

.254
.704

DATA ON FINAL DESIGN OF FIRST STAGE NOZZLES

= 4.566" = 11.60 cm
.254
. 381

cm
cm

<m

cm

cm

cm
cm

Area of inlet nozzle = 3.087 cm
Velocity through inlet nozzles = 5400 cm/sec

’
.




TABLE B-25. DATA ON FINAL DESIGN OF SECOND STAGE NOZZLES

Lg © .486" = 1.23 cm
.078" = .198 cm
.063" = .160 cm
= 0.81
= 125" 317
1.60
.082" .208 -
1.05
152" .399
2.01
5 2 .196
se13™ = .54]
dp/W i3

Area of inlet nozzle = .339 cmz

.Velocity through inlet nozzle = 6100 cm/sec

'Estimated. since the exact flow rate has not been determined.
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