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RESEARCH MEMORANDUM

PERFORMANCE OF DOUBLE-SHROUD EJECTOR CONFIGURATION WITH
PRIMARY PRESSURE RATTIOS FROM 1.0 to 10

By Donald P. Hollister and William K. Greathouse

SUMMARY

A brief investigation was made to determine the performance charac-
teristics of a double~shroud cooling-air ejector configuration. Two
convergent primary nozzles were used to simulate a specific manu-—
facturer's iris-type variasble-area nozzle in the open and closed positions.
The investigation comprised four phases: (1) obtaining pérformance
with no secondsry or tertiary air flow (cooling-air passages blocked),

(2) determining the tendency for backflow to occur in either cooling-
air passage, (3) determining the sensitivity of flow in one passage to
that in the other, and (4) obtaining pumping and thrust characteristics
with secondary and tertiary air flow.

The experimental results showed that the performance with the
cooling-alir passages blocked was typlcal of that for single ejectors
having diameter and spacing ratios similar {to those used in this investi-
gation. There was a tendency for backflow to occur, but the magnitude
of such flow was relatively small. The weight flow of each ejector was
shown to be essentially independent of the other, and the closed primary-
nozzle configuration was found to be generally capeble of pumping more
cooling-air than the open primary-nozzle configuration. Gains in gross
thrust were observed for both configurations, with losses occurring
only at low secondary and tertiary pressure ratios.

INTRODUCTION

The use of afterburners for thrust augmentation, and particularly
the advent of high-temperature afterburners, increases the cooling-air
requirements of turbojet engines. Single-shroud ejectors are now being
used for supplying the cooling air. In some aircraft installations,
however, it is necessary to provide an additionel quentity of air for
cooling the aircraft structure; the use of double-shroud ejectors for
meeting this requirement is now under conslideration.
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The single-shroud ejector has been the subject of several experli-
mental investigations (references 1 to 7), but the avallasble information
on double~shroud ejectors is very limited. In reference 8, the operating
mechanism of—double-shroud ejectors is discussed, the performance of
several configurations is presented, and it is shown that an ejector
of this type can be designed ta operate satisfactorily.

The double-shroud ejector .configurations used in this investigation
incorporated two convergent primsxry nozzles ta simulate a specific
manufacturer's iris-type variable-area nozzle in the closed and open
positions. Although this investigation was limited to only two con-
figurations, a wider range of pressure ratios and operating conditions
was covered than in the investigation reported in reference 8, which
primarily presented the pumping and thrust characteristics of each con-
figuration for only four primary pressure ratios. In the present
investigation, the thrust and pumping cheracteristics of both configu-
rations were investigeted for eight constant primary pressure ratios
from 1.10 to-9.5. Additional tests were conducted to determine
(1) ejector performance with no cooling-air flow, (2) the tendency for
backflow to cccur from the primesry Jet into elther the secondary or the
tertiary eystem, and (3) whether or not the flow through each cooling-
alr system was independent of the flow through the other. This investi-
gation was conducted using dry unheated air at a temperature of 80° F.

SYMBOLS AND NOMENCLATURE

The following symbols and nomenclature used in this report are
defined in the accompanying schematic sketch of a double-shroud ejector.
It should be noted that primary refers to the engine nozzle, secondary
denotes the inner annulus, and tertiary denotes the outer annulus:

;2765:
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exlit diameter of primary pozzle, in.

exit diameter of inner shroud, in.

exit digmeter of outer shroud, in.

inner~shroud diameter ratio

outer-shroud dismeter ratio

gross thrust of ejector, 1b

gross thrust of primery nozzle with shrouds removed, 1b

gross thrust ratio
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primary-stream totel pressure, in. mercury abs.
secondary-~stream tota; pressure, in. mercury abs.
tertiary-stream _total pressure, 1ln. mercury abs.
primary pressure ratic

secondary pressure ratio

tertiary pressure ratio

atmospheric pressure, in. mercury abs.

smbient exhaust pressure, in. mercury abs.

distance from primary-nozzle exit to exit of immer shroud,
inner-shroud spacing, in.

distance from primery-nozzle exit to exit of outer shroud,
outer-shroud spacing, in.

immer-shroud spacing ratio

outer-shroud spacing;ratioh

primery-stream total temperature, ?R
secondary-stream totel temperature, °r
tertiary-stream total temperature, OR
primary weight flow,'lb/sec

secondsary weight floﬁ) lb/sec .
tertiary weight flow, 1b/sec

secondary weight—flow ratio

tertiary weilght=flow ratio
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APPARATUS
Ejectar Research Facillty

The ejector-research facility shown in figure 1 consistes of two
concentric ducts simulating an engine tail pipe and a cooling-azir passage.
For this investigation, a2 third concentric duct was added to provide a
ecoling-alir passage for the outer shroud. Alr was supplied from the
laboratory ailr-supply system to these ducts, as shown, and was passed
through the primsry nozzle and the cooling-sir passages into the exhaust
chamber. The alr was supplied at a pregsure of 40 pounds per square inech

gage, & temperature of approximately 80° F, and & dew point of -20° F.
The exhaust chamber was connected to the laboratory exhaust system so
that the ejector exit pressure could be varied from atmospheric to about
2 pounds per square inch absolute.

The primary, secondary, and tertiary alr flows were measured by means
of standard A.S.M.E. sharp-edge orifices. The total pressures and temper-
atures were measured wlth total-pressure tubes and single, bare-wire, iron-
congtantan thermocouples, respectively. The primary measuring statlon,
located 20 inches upstream of the primary-nozzle exit, consisted of two
total-pressure tubes, two wall static taps, and one thermocouple. The
total-pressure tubes and the thermocouple projected about one-third of
the duct diameter into the stream, because surveys had shown that meas-
urements at this location gave the average of the total-pressure profile.
The secondary instrumentation, conslsting of two total pressure tubes

and one thermocouple, was located at a station sbout 27% inches upstream

of the primary-nozzle exit. This instrumentation was duplicated for the

tertiary stream at a station about l%-inches upstream of the primary-

nozzle exit. The eJector exit pressure was measured in the exit plane

- of the outer shroud by means of two static-pressure tubes attached to

the outside wall of the outer shroud.

The lower portion of the facility is connected to the laboratory-
air supply system by means of flexible bellows and is pivoted to a steel
frame in order that the axial force may be freely transmitted to & null-
type balenced-pressure diaphragm, thrust-measuring cell. The output
pressure of this cell is directly proportional to the applied force and,
hence, is & direct measure of the resultant force acting on the ejector
in an axial direction. In order that the force on the thrust cell would
always be in one direction, an axial preload force, consisting of a
counterweight connected to the rig by large pulleys and steel tapes, was
applied to the thrust cell.
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Ejector Models

In this investigation two conical nozzles having areas equlvalent
to a specific manufacturer's iris-type variable-area nozzle in the open
and closed positions were used. The relative location of the shrouds
with respect to the two primary nozzles is shown in figure 2. The open
and closed primery nozzles had exit diameters of 4.79 and 3.49 Inches,
respectively, and the corresponding half-cone angles were 2957t and 20°35°.
The 1nside diameter of the approach pipe to the primary nozzles was
5 inches. The inner shroud was essentially cylindrical and hed an exit
diameter of 5.65 inches. The conical outer shroud had an exit dlameter
of 6.30 inches end a half-cone angle of 7018'. The spacling and dismeter
ratios for both configurations are shown in the table in figure 2.

PROCEDURE

Each of the two primary nozzles was calibrated to determine the
flow coefficients and the primary nozzle thrust over a range of pressure
ratios from 1.0 to 10. The varlous primary pressure ratios were obtained
by throttling the inlet-air and by reducing the ambient pressure in the
exhaust chamber. With the shrouds 1n place, the investigation of each
complete double-shroud ejector configuration consisted of four phases.
The first phese was an investigation of the performance over a range of
primary pressure ratios from 1.0 to 10 with the shroud-inlet passages
blocked (zero secondary and tertisry air flow). The second phase con-
slated in determining the tendency for backflow to occur in elther of
the two cooling-air passages and the magnitude of such flow. In order
to accomplish this, the duct conbtrolling the total alr flow to the two
cooling-air passages was blocked while the valves interconnectlng the
secondary and tertiary systems were open so as to allow air to clrculate
through the two interconnected systems.

The third phase was an investigation of the interaction and conse~
guent sensitivity of each cooling-air system tc the other. This phase
was conducted at a constant primary pressure ratio of about 3.0; while
the tertlary weight flow ratio, and hence the tertiary pressure ratio,
was varied over a range of values, and the secondary welght flow ratio
was go varied as to maintain a constant secondary pressure ratioc of 1.30.
In this way the effect of tertiary flow on the secondary weight-flow
retio was determined. The effect of secondary flow on the tertiary
welght-flow ratio was determined in a gimilar mammer; that is, by
varying the secondary welght-flow ratio while a constant tertiary
pressure ratio of 1.30 was being maintalned.

2765
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The final phase was that of determining the pumping and thrust
characteristics for a range of constant primery pressure ratios from
1.10 to 9.5. This phase was conducted with the total pressures in the
two cooling passages approximately equal, so as to simulate a common
inlet and plenum chamber for the two cooling-alr passages. Although
ejector performance was determined with 80° F primary, secondary, and
tertiary air, the weight flow ratios presented herein are maultiplied

by 1/T57TP and Tt Tp as & reminder that the application of these

data to hot jet installations requires a temperature correction.

The axial force transmitted to the thrust cell was composed of the
ejJector thrust force, the pressure-area force imposed on the system by
the difference between atmospheric pressure and the ejector exit pres-
sure in the exhaust chamber, and the axial prelocad force. The pressure-
aresa force was determined from a calibration over the range of ejector-
exit pressures used in the investigation. The eJector thrust was obtained
by subtracting the force acting on the thrust cell from the sum of the
preload and the pressure-area forces. In order that the thrust data be
consistent and accurate, the pressure-area force-calilbration curve was
checked daily throughout the investigstion.

RESULTS AND DISCUSSION
Zero Secondary and Tertlary Flow

Performance. - The performance of the closed and the open primary-
nozzle configurations with zero secondary and tertiary air flow is shown
in figures 3(a) and 3(b)} and in teble I. The effect of primary pressure
ratio on secondery pressure ratio is typical of single-shroud cylindrical
eJjectors having diaemeter and spacing ratios similar to those used in this
investigation. The effect of primary pressure ratio on tertiary pressure
ratio is typical of that of single-shroud conical ejectors having very
small spacing ratios; such would be the case if the inner shroud were
considered the primary nozzle and the spacing were the distance from the
exit of the inner shroud to the exit of the outer shroud.

It should be noted that the curve of secondary pressure ratio in
figure 3(a) exhibits & marked amount of hysteresis and the tertiary
pressure ratio curve shows a slight amount of hysteresis in the primacy
pressure ratio range from 3.5 to 5.0 ag indicated by the arrows on the
curves, This phenomenon has previocusly been encountered with cylindriecal
ejectors having large diameter ratios and small spacing ratios, as shown
in reference 1, but has not been observed for smsll diemeter ratios.
Hysteresls occurs because the primary jet remains attached to the shroud
wall until the primery pressure ratic is decreased to & value less than
that at which attachment first occurred as the primary pressure ratio
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was being increased. The jet finally becomes detached at this lower
primary pressure ratio, and the ghroud pressures assume their normal
values. A further discussion of this hysteresis may be found in
reference 1. :

Thrust characteristics. - The effect of primary pressure ratio on
gross thrust ratio for zero secondary and tertiary air flow is presented
in figure 4(a) for the closed primery-nozzle configuration and in fig-
ure 4(b) for the open primary-nozzle configuration. Gross thrust ratio
is defined as the ratio of ejector gross thrust Fej to the primary

nozzle (ejector shrouds removed) gross thrust FJ at the same primary
pressure ratio. EJector gross thrust Fej’ then, includes the combined

thrust produced by the mass flow through the cocling-air passages, and
the primary-nozzle._gross thrust ;Fj includes only the thrust produced

by the mass flow through the primary nozzle.

The thrust characteristice with the closed-nozzle configuration
(fig. 4(2)) exhibit hysteresis gimilar to that for the secondary pressure
ratio (fig. 3(a)), and indicate that & loss in gross thrust of as much
as 33 percent of primery-nozzle gross thrust is possible with thie con-
figuration when the cooling-air ¥low is.zero. Hysteresis did not occur
for the open primary-nozzle configuration with zero cooling-air flow
(fig. 4(b)); the greatest loss in gross thrust occurred st a primary
pressure ratio of 2.0 and amounted to about 17 percent of the primary-
nozzle gross thrust.

A comparison of figures 4(b) and 3(b) shows that the minimum gross
thrust retio occurred at the primary pressure ratic for which the second-
ary pressure ratio was a minimum, and that a slight dip occurred in the
gross-thrugt-ratio curve at the primary pressure ratio for which the
tertisry pressure ratio was a minimum. This phenomenon may be attrib-
uted to shock losses accompanying the overexpansion of the primary Jet.

A more complete digcussion of the effects of overexpansion and shock-
losses on ejector thrust may be found in reference 2.

A further comparison of figures 4(a) and 4(b) indicates that with
zoero secandary and tertiary flow, the gross thrust was higher with the
open primary-nozzle configuration (smsll diameter ratio). This rela-
tion 1ls consistent with the trends indicated by the data of reference 2.

Effect of Primery Pressure Ratio on Backflow

2765

In order for backflow to occur in one of the two cooling-air passages,
the pressure in one passage must be higher than the pressure in the other.
An inspection of figures 3(a) and 3(b) indicates the regions of primsry
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pressure ratio in which backflow will occur. That is, for the regions
in which the secondary pressure ratio curve lies below the tertiary
pressure ratio curve, (secondary pressure ratio is less than tertiary
pressure ratio in figs. 3(a) and 3(b)), the circulation of air is in
the normal direction through the secondery passage and is reversed
through the tertiary system. For the opposite conditions of secondary
and tertiary pressure ratio, the circulation is reversed.

The effect of primary pressure ratio on backflow 18 shown in fig-
ures 5(a) and 5(b) and in table IT for the closed and the open primary
nozzles. The magnitude of the backflow, although measurable, was very
small; less than 0.2 percent of primary air flow through the closed-
nozzle configuration, and slightly exceeding 0.4 percent of primary air
flow for the open-nozzle configuration. This test simwlated a common
inlet plenum chamber for the two cooling-air passages with no externsl
source of air; the positive portion of each curve therefore indicates
circulation in the normel direction through the secondary pessage and in
& reverse direction through the tertiary system. The negative portion
of the curve indicates circulation in the opposite direction, with back-
flow occurring through the secondary system and flow in the normel directlion
existing in the tertiary passage. The direction of the circulation flow
for each configuration reverses (magnitude of backflow becomes zero) at
approximetely the same primary pressure ratios &t which the value of
primary and secondasry pressure ratio become equal (figs. 3{a) and 3(b)).
It should be noted that the data of figure 5{a) were obtained in the
direction of inecreasing primsry pressure ratio, and thus any effect of
hysteresis on backflow is not included.

Interaction of Secondary and Tertiary Systems

Investigation of the interaction between the secondsry and tertiary
flow systems indicated that there was little Iinteraction between the two
systems. The weight flow through each shroud was insensitive to changes
through the other, as shown in table IIT and in figures 6 to 9 for the
closed and the open primsry nozzles. For a primary pressure ratio of
about 3.0 and a secondary pressure ratio of about 1.3, with the primary
nozzle in the closed position, the secondary weighit-flow ratio was essen-
tlally independent of the tertliary welght-flow ratioc as the tertiary weight-
flow-ratio increased fram 0.02 to 0.15 (fig. 6). TILikewise, while varying
the secondery welght-flow ratlo wlth the primary nozzle closed, the
tertiary weight-flow ratio was essentially constant for a constant terti-
ary pressure ratio of about 1.3 (fig. 7). Similar results were obtained
for the open primary-nozzle configuration (figs. 8 and 9). Although
this effect was investigated only at a primary pressure ratio of about
3.0, it is believed that these characteristics are representative of
those which would be obtained at other primary pressure ratios.
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Ejector Performance

Pumping characteristics. - The pumping characteristics of the
double-shroud ejector configuration with the closed primary nozzle are
presented in figure 10 for several primary pressure ratios from 1.10 to
9.5, and are tabulated in table IV. As mentioned previously, the total
pressures in the two ccoling passages were maintalned approximately
equal for this phase of the investigation. The effect of secondary pres-
sure ratlo on secondary weight-flow ratio is shown in figure lO(a), and
the corresponding tertiasry-system pumping characteristlics are shown in
figure lo(b). A comparison of the two figures dlscloses that the pump-
ing abllity of the secondasry and the tertiary systems are nearly iden-
tical. It is evident from these data that at low primary pressure ratios
secondary and tertiary weight-flow ratios were extremely sensitive to
variations in secondary and tertiary pressure ratios. As the primary
pressure ratio was increased this sensitivity of secondary and tertlary
flow became less pronounced.

The secondary and the tertiary weight-flow ratioe with the open
primary nozzle are shown in figures 11(a) and 11(b), respectively, and
in table IV. A comparison of these figures reveasls that the secondary
outperforms the tertiary system at the lower primary pressure ratios
over the entire range of secondary and tertiary pressure ratio, and at
primary pressure ratios of 3.0 and 4.0 at the lower secondsry and terti-
ary pressure ratics. For the three highest primary pressure ratios
investigated (6.0, 8.0, and 9.5), the tertiary system pumps a far greater
amount of alr than the secondary. Again, the sensitivity of the weight-
flow ratios to changes in seccondary and tertiary pressure ratio decreased
greatly wilth increasing primery pressure ratio.

A comparison of figures 10 and 11 shows that, for a given primery
pressure ratic, the welght-flow ratios for the open primsry-noczzle con-
flguration are, in general, conglderably lower than for the closed-
primary configuration. This comparison also discloses, as pointed out
in reference 8, that for the closed primery-nozzie configuration (large
diameter ratio), the secondary and tertiary weight-flow ratios were more
sensitive to changes in secondary and tertiary pressure ratio for any
particular primery pressure ratio, than for the open primery-nozzle con-
figuration (small diameter ratio). The open primary-nozzle configuration
will, however, pump secondary and tertiary air over a wider range of
secondary and tertiary pressure ratios and will start pumplng at a lower
primary pressure ratioc. These comparisons indicate that ejector perfor-
mance is not compatible with afterburner-cooling requirements, in that
there is & great excess of air for the nonafterburning (closed primsry
nozzle) condition. Also, because the required tertiary flow 1s generally
about one-fifth that réquired for the secondary system, there 1s a great

excessg of tertisry alr for most conditions. As pointed ocut in reference 8,

such an excess of tertiary sir flow can be reduced by decreasing the

2765
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tertiary diameter and spacing ratios to values slightly larger than the
secondery diemeter and spacing ratios.
]

Thrust characteristics. - The effect of secondary and tertiary pres-
sure ratio on gross thrust ratio is shown in table IV and in figures 12(a)
and 12(b) for the closed and open primary-nozzle configurations, respec-
tively. For the closed-primesry nozzle, & gaeln in gross thrust was obtained
for all primary pressure ratios, although with primary pressure ratios
of 8.0 and 9.5 there was & loss in gross thrust at secondary and terti-
ary pressure ratios below about 1.0. These losses were as much as 4 per-

cent and.é% percent, respectively, at the primary pressure ratios of

8.0 and 9.5. Data for a primary pressure ratio of 1,10 indicated that
a galn in gross thrust of about 34 percent was obtalnsble, which was
due, in most part, to the relatively large mass flow through the second-
ary and tertiary systems. Data for the open nozzle (fig. 12(b)) also
show that a gross thrust gain is obtainable for all primary pressure
ratios, with losses occurring at the low secondary end tertiary pressure
ratios for primery pressure ratios of 1.10, 1.50, 4.0, and 6.0.

A comparison of figures 12(a) and 12(b)} reveals the same general
thrust trends that were observed in the earlier investigation of double-
shroud ejectors (reference 8). These curves also follow the same general
trends as the weight-flow curves in figures 10 and 11; nemely, that for any
given primsry pressure ratio, the thrust curves for the closed primary
nozzle lie gbove those of the open~nozzle configuration. This is due,
in part, to the greater secondsry and tertiary mass flows at given
secondary and tertiary pressure ratios for the closed primary-nozzle
configuration. Also the greater expansion ratio of the closed primary
nozzle would contribute to higher thrust ratios at the high primary
pressure ratios. Although the higher thrust ratios were obtained with
the closed primery-nozzle configuration, it does not necessarlily follow
that this is the best configuration, in view of the large amount of
secondary and tertiary air that is being pumped.

The sensitivity of the gross thrust ratio to changes in secondary
and tertisry pressure ratio i1s, in genersl, less for the open primeary-
nozzle configurstion. Furthermore, for each configuration this sensi-
tivity to secondary and tertiary pressure ratio decreases as the primary
pressure ratio increases.

Application of Data

As pointed out in reference 8, the performance of an ejector in an
actual installetion will depend upon the performance of the ejector itself
ag & pump &nd upon the performance of the coollng-alr flow system for a
range of operating conditions. Aleo, a correction must be applied to the
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welght-flow ratios to take into consideration the ratio of-—cocling-air
temperature to engine-gas temperaturg, as described in reference 3.
However, this correction may not be valid under all conditions, particu-
larly at the high temperature ratios; some error may therefore result,
a8 indicated in reference 4. However, the comparisons of full-scale

and model-ejector data shown in this reference are believed to show
greater discrepancies than would have been the case had the configurations
been exact scale models of the ejectors used. Until more complete high-
temperature ejector date are avallable, the deta presented herein should
give an indication of trends ta be expected from double-shroud ejectors
having similar configurations and will serve as a supplement to the data
contained in reference 8.

CONCLUDING REMARKS

Data obtained with a double-shroud ejector configuration, using
two different size convergent primery nozzles in order to simulate &
specific menufacturer's variable-ares iris-type nozzle in the closed
and in the open positions, Indicated that the performance with the cooling-
air passages blocked was typlcal of that for single ejectors having simi-
lar diameter and spacing ratios. Algo indicated was & possible gross
thrust loss of as great as 33 percent of primary-nczzle grose thrust with
the primery nozzle in the closed position arnd with no cooling-air flow.
For the open-primary-nozzle configuration and no cooling-air flow, the
thrust losses were reduced to 17 percent of primary-nozzle gross thrust.
For both configuratlons the magnitude of backflow was relatively small.
There was very little interaction between the secondary and tertiary
flow systems as each system was essentlally unaffected by changes in
flow through the other. A comparison of {the pumping characteristics for
both configurations indicates that, in genersl, the closed primary-nozzle
configuration is capable of pumping more coolling air; whereas the open-
nozzle configuration will pump bver a greater range of secondary and
tertiary pressure ratios.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautlcs
Cleveland, Ohic. H . S - - _.
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8 | ss.89 7.48 7.59 [ 5.47 ? 9 174.5 1 170.5| m581,0 eann — 3068 Sed | A d o |jl.om
s 9.17 1,68 5.98 4.80 0 0 2076 | 209.0| BEL.A —— — 4,507 A 3708 q o [|1.007
7| 900 .82 5,4 0.5 4 ] ] 30,3 | 182.0| BbR.0 — _—— 4003 JATee | .8 ] 7500
u | 5020 5.8 2,53 .M 5,08 Q ) gl.. 1s2.0] =18 — — 5,000 BT a 90e
1| s8.29 n.ﬁ .54 [N 5,54 a a £ | &1.3] sMD —n —— B.BAT AtEl | BAAR [ &
0 | W82 . .44 ”»n 485 2 [ 2.7 m.i T rem —— 560 | o8 | .40 Q .
1 707 3.30 10.18 10,59 4,78 [ a Q12 [ 1w BiN.0 — ——— 40048 L3500 | 5813 a [ 4SS
12 | «.23 5.05 9.78 1,17 4.08 ] Q 80,3 | 120.0] 84.0 —— 3,004 BTN |97 o #1100
13 | z8.17 2.9 281 10.04 3.84 o 2 157.0 | 108.af 9.9 —— 3000 2978 T2 Q o 480
14 | 38,00 9,54 0.87 3.82 ] o 185.6 [.188.0F Bu4d,0 —— 3,859 T80 | e a 9 |1.000
15 | 48.17 8,98 eS| o480 o [ 2099 [ 209,7] nd9.0 — 4,50 SN |t g o Jeet
i | e7,32 845 (&3 4.80 o 4 aee.e | K175 8d9.0 —t 1.818 ) 155 - 9795
17 | 4B.5R 7.8 3] 4.92 I 13 0.3 | 20u] Ed —— 4. 921 L A R ) G 4 ~PE13
18 [ 4pA7 5,70 2.97 10.20 5,08 [} qQ 252.8 | 10.5[ 848.0Q — «,78) el [ oones 0 0 1757
18 | 4042 5.83 9.47 0.8 5,01 [ ] 2338 | 18,9} Bab.0 — 3,00 L T d o 7508
£ "7 4,03 .34 0.8 W] g ] 258,85 | E2R.8 | %490 e Al | sl [ 0 887
21 | B9.97 "4 0.87 19.07 5.09 ] -] 22,7 | M7.4 | 39 — 3.983 ' o & J8iS)
20 | .5 4.7 318 (| st (7] g [ 357,0 | 4861 Baty — ——— .17 wase || e ¢ 1.0 ,.m L
2 [ 1. Boo | ogdE L osae | oras . g F;u Tame 1 cmowE [ A g : F
B | rar gor F a0 2.20 7,10 ? 3l 1.627 L | 9130 a2
= | mar 853 . $.28 1.8 0 Q 8,133 STH [ AR [ ] 4130
oM [ 1m,57 4.5 8.2 4.50 1,08 ] Q 0.h8Y a2y (17883 q o 120 |
&7 | 7587 5.0 8,43 8.0 7.8 o 0 2.330 B |, o 0 e |
an 97 B, 4,9 7.0 7.58 ] ] 9.740 I -] ] . ||
2% | 17.37 558 09 -1 e ) Q ] a0, 22 B T 0, [ un k
n |27 a4 | 938 o8 |3, a [ ] AM3 o) 0 [ 029
ez | o 21 [ e [ 3o 3 5 3,008 s | lemes 2 a flas |
|
1| aw.es 28,00 27.05 S"‘ ) [} 1.008 | o83 |o.e98e [} e |o.MM )i
a | s0. #2.07 23.42 20 o [ 65,2 [ ee. §38.0 ——— 1.4 JAlsd | s880 ] g N i
3] 2095 17,47 10,84 $.00 Q I 2.7 | 1s8.0 | B37.Q a—n— 1.803 A7 | 9B ] akbe
6 | e lt.& 15,77 5. 0 [ 1780 | as7.8 | B3T.Q —_— 1.788 B417 | T 0 0 B84 |
€ {50, 12, 18 [ E Q ] 19,7 | 178.5 | 838 —— 1.:3 714 | 0774 [ 0 1
8 | 30.13 114 . (N T ] -] M. {273,088, —_— 1. JTHS | e a. [ S0 1
7 | ».18 .8 14,44 .95 a a IM.8 1.0 | 5380 — z.081 4200 | L oERb [ ] W8S |
8| s0.h5 a.48 a4 M g RS9 Fi7a.B | 880 - 4.103 ~4043 «P0a ° 0 85T
? | 3088 8.37 4,88 5.2 na.y jaer,r [ ssa - 1,500 SB15 | THD [ [ e |
10 | 0.8 6.3¢ 9,45 a3 [} .4 [ 2189 [ 8380 —— 4,070 AM7 | 0788 0 3 Mmi |
1 | 4498 ] L] 1.00 ] Q 3482 [333.5 | b330 ——— 4,030 7 Q 0 34
12 | o035 5.B4 b0 9.4 -4 a 4538 | 4444 | B40,0 ——— E.G25 8812 IS [ o JAT08 |
13 | Be.AS 7 9,28 20,0 a a | 5008 [4p8.9 | SaDD —_ 0.7 108 OB [} o A1 |
M4 | 8443 9.21 6,43 10,04 0 ] B17.8 | 46 | 40,5 e 8.0712 | 1.008 KT a [} gme |
15 | 54,0 ] 4,06 10,78, -] ° 21,0 | 508,42 a — .75 J 1.8 408X ] Q 7]
| 4.8 .25 4,06 ic, 3 e 8811 | =ae.7 1.0 r— 7.575 | 1.539 e ] [} B
17 [ s&.08 a.B8 00 0. ¢ Q 5390 | 3l | Bl ———— .03 | 1.5 A7 ¢ 80
1a | 88,05 9. [T 1) L] 0. -4 a B4d,0 | B40,4 | BALE — 9,081 1816 .73 a L
18 | 48,85 9.3 ] B, 10,08 ] 0 | %71.7 | 4.7 n 8 e LY 1,135 T 3 1
3 25,48 9,54 ] 4 0.4 ] 8 | s50.7 |300.% i+ FEE BT 1.8% ] pe
o K5 #.32 .80 7.00 | 10, 0 [] 2 | s, | Bbd —— 70, | 1,1 084 e Q N
m | 85.75 .3 .9 [] 10,48 [ [ B5#,q | 8005 | 3403 —— Ny [ 137 0010 Q ] el
E e300 [N 8.1% a 1030 [ 0 8.4 | 4n4,] | 8400 — 5413 | 1.078 A8 o [} N )
13 8.4% [ 10,41 a [ B0l | +82.7 | B40.0 —n 8,00 [ 1, ] 0 ] S
5 | §5.08 (] ] 0.5 ] e 40,4 [4025 | s5um ——— 5,487 f N ] 0 LS
85 | A3.13 2,90 W .38 ] [ st [ ar.n | B3RS —— ] 371 0 ° 0]
| N3.83 .18 13.59, g [ 473.8 | 430 | 318 —— 580 JME [ 30 o 4788
a8 | K513 JLITY 30 ] [ A8d.7 | 43,0 | Boduy ——— 3,101 ATS | LM o 4743
HAR™ 11,84 7.0 ] [ 38,0 | 81,5 [ 3300 —— 3381 a7 [ 831 1!
30 | 4035 4,11 7.0 ] ] 06,0 | 900 | 505 - 2.7118 SR 0 708
31 | a0, 300 [ 8] Q [ 1104 | 108,86 | WA —— N ALY [ e [ A3
2% | 000 1446 LB o -] 18.9 | .7 | ESR.E ——rm 4007 AL 711 -] 117
> | 3,135 w.a 5.9 [} [ ire,0 [ 12.3 | U588 —— 1.8 T | TR [ o Y
3 | ®,8 14.06 5,90 ] [} 174,31 | 18B.0 | BaA.E ——— 1.73% 238 | s [ [ THT
51 | o83 . 5.0 a [ O |3 | Baal —_—— 1.9%0 AT T i ] B
'hhn wiiained s Aozxls salitraiien '
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TANLE 1T - XFPECT OF PRIMARY PHESSURE MATIO G BACKFLOW

LTHZSHE W VOVH

Run| Frimary- | 3econdary-| Tertiary-| Awbient | Primary |Sec fertiary [Oross |Orosns |Primary-| Beoondary-| PTartiary~| Priwery | 3accndary| Tert Eso Tertinry| Grops-
stream stresm stream exfaust |welght walght | welght |[thrust |thrust| stream atrean stream |pressure| prassurs| preamre| welght- | weight |throst
total tatal total (pressure | Ilow flow riaw (aof pri~| of tatal total toteld ratioc ratio racie r'iow flow |ratio
preasurs | pressuwe | prassure Po v v, Wy mary |sjea- | tewper tempar- | tewper- Pp/Po P./no P/rp rati ratic |7, ,/l 3
P Py Py noxzls | bor ature ature ature Wa s | Wt 't
P {in. | (1n/sec)} (1b/8e0) | (ib/aoc) T
{in. (in. (in, .umogury ) (n; (B":) 7; !; V; T;
waroury woroury | weroury | ahsolute
abaoluts )| baoluta) | absplute) )
(a) (n) (=) {n)
el oloaad
1 3%0.22 2¢.60 10 28.81 1.72 | -0.0011). | 0,00111 540.0 2.0 1.127 0.996% | 0.9959 [-D.00085 | 0.00085]0.am07
2] 29,71 23.71 W76 £5.87 2.20 | =.00048 Refe-T1] 841.0 841. 1.848 S5 0954 | -.00113 LO0115( 1.051
3| *9.81 15.58 19.84 19,78 2.67 | -.00387 | .00%87 542,0 o41.0 1.812 L6099 JSE20 ] -.00145 L00145] 1,085
4| 20.88 17.07 17,17 17.28 4.78 | -.00364 | ,00%84 ¢ 54800 541.0 1.727 8873 88351 | ~.00131 00151 1.082
8 30.a1 14,88 14.87 15,08 q.9% | -.00322 1 ,00NR2 .0 340,90 1.007 R854 9827 | -.00112 JOGLIE 1.077
8| 28.81 L+ 11.54 11,86 2.97 | -.00R44 | 004 B4R.0 340.0 2,438 .9854 .8608 | -.00062 . 1.088
7| 2p.82 9,93 30,0 10.10 2,97 -.00281 00251 542.0 556.0 2.081 S0aR 6801 | -.00084 L00084| 1.048
8] 40,31 9,38 g.59 £.80 .00 =008 00282 843.0 538.0 4.002 8033 9738 | -, 00040 v 1.038
p| Bo.08 8,01 2.80 10.03 B.08 JQOT06 | -, B42.0 B58.0 4,891 7906 5871 L0158 | -,00130) 0839
10| 40.1s 4.79 9.18 N 6.0% .0121 | -.0121 Bd2,0 351.0 &,123 4878 8318 00198 | -,00108| .BT78
13 .88 8,39 2.08 10,01 7.12 0113 | -,0128 2,0 232.0 7.049 305 +908] 00166 | ~,DO1BE( .S044
12l 7.8l 5.9 8.81 2,088 7.50 .p0786 | ~,00758 B4%.0 830.0 T.98% 8018 8301 00008 | -.00085| 8108
13| 76.61 5,76 8.37 8,87 8.08 00889 | -, 00559 B45.0 238.0 8.876 JGadd .7101 00089 | -,00089] .@
14 22,01 8.5B 5.81 8,24 8.1% L00408 | ,DO400 543,0 527.0 9.p2p 5818 . =.00030 .g&ﬂ) D283
15| 79.78 5.50 4.99 7.78 8.10 | =-,00E34 | 00524 842.0 528.0 10.38 108N 5450 | -.0008E 00086| .BRTO
Primary-nozxzle posiblon, opan
18| 350,03 24.10 £7.01 aT,18 5.94 | 0,0184 [O.01%4 48, 44.79| BBO.O B48.0 543.0 1.108 0.5808 | 0.5937 | 0.0050 |-0,0038 (0.9151
17| 50.08 2,58 &5 .50 24.20 5.15 J0188 | -.018% g2, A8.60| E4d,0 547.0 43,0 1.243 «O240 9878 0038 -.0038 8840
18} #9.98 17.90 16.584 20.20 5.75 0190 | -,0l90 139,1 ]128,7 | S47.0 648.0 543.0 1.484 .A881 Rl 0035 -, {03% S8R
19| ®9.80 14.83 18,80 17,28 5.78 0178 | -.0179 170.2 | 162.1 | B48.0 B44.0 B43.0 1.751 14582 5788 ,0051 - ,0031 9528
0| 50,03 1.88 14.71 16.06 5.8} ,0l08 | -.0188 19%5.8 | 162.0 | B46.0 545.0 545.0 1.991 Y7885 9735 0082 -,0038 §591
R1] 30.13 8,084 13.41 13.78 g.80 JO244 | ~.02 206.7 | 180.8 | 548.0 541.0 543,0 2.187 4819 L973) 0042 -.0042 | (8782
22| 50.08 £.28 11 .88 11.89 5.8 . -.QR03 Ale,0 |2CR.8 | 540.0 Bul.p BAS.0 2. »ba8e <74 o - 024
R3] 20,83 8.05 9.7 10,04 5,77 0182 | -.0l82 a54.¢ |281,) | B48.0 538.0 B4E.0 2.881 026 570L . -.0028 433
4] 40.83 7.53 9.8] 10.01 7.79 0125 | -.0l86 347.3 | 337.7 | Be8.O 88,0 B43.0 4.019 . TaRR 9600 0018 -.0018 S721
25| 45.83 4,768 8.48 10.07 9,70 0068 | «,0088 43k.4 B | B48,0 226.0 842.0 4.048 1) 3 +0006 - DT84
28| K043 .42 5.48 8,18 9.82 | -.0079% 0078 475.4 |472,8 | B8 ,Q 387.0 942.0 6.188 1. .B142 | -,Q008 . 0940
27) 40.5% 4.3 8.a28 8,88 #.481 0 448,3 | 44l,8 | B48,0 528.0 B42,0 5,409 .pas2 =10 [+] N
28| B80.53 8.32 5,27 T.33 8.80 | -.0108 0108 482.) [470,0 | 8e8.0 £836.0 542.0 6,086 1,138 190 [ -,0010 v0011 5781
29| 350,55 B8.20 4.88 8.43 8.81 | ~.0108 0] 450.4 | 481.3 | 548.0 536.0 542.,0 7.827 1,289 L1278 |. -.00L1 0011 0312
30) 80,25 8.28 5.B4 8,40 @.8) ] -.0118 0118 488.8 | 4B65.6 | Be8,0 534.0 B42,0 #.502 1,550 1.028 -.00123 0012 9835

.ilu.lt:l.vu values indicats blaokflow.
byaluas obtuined frow nossle calibratian,
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TASLE LI1 - TWTERACTION OF ZECONDARY AND TERTTARY SYSTEMZ

9T

Run|Frimary- | Secondary- Tertiary] Anblent | Primary | deomndary| Tertiary| Orcse | Oross | Primary.|dscondary-| Tertixry-] Primary | Secondary] Tertiary| Secondary [Tertisry
atrenn atregn stream exhaust | welght veight | weight | thrust | thrushy strean stream straam | pressure| preswurs|pressura| welight-| welght
total total total | preasurw £low flow flow |of priq of total total total ratio Tatip rmaglo |- flow flow
pressurs | presaurs | pressurs Po ¥ L L™ uary | ejea- | tenper-| tempab- | tewper- Pplpo E./po P ratle Tatio
Pp Py Py (an. | (an/anby} (1b/eeq) | (an/nac){MOEEIe | Tor | mboe | Al | AaRe . Uy qffa| ¥ 4 [Te
with {' P T, T ' vV
(in. {sn. {in. meroury shrouds e) " p| ¥p b
mergury | mercury |mekeury Jabsslute)| removed (1b) {R) (™) (°R)
abaclute}| abaclute) | absolute) 7
1b)
a).
Primary-noszle positlen, alosed
1 29.96 135.03 10.0% 10.0 5.04 0.%54), 0.088 122.9| 127.8 | 538.0 554.0 530.0 ?.998 1.593 1.002 0,192 0,018 | 1.0%8
a 29.9) 15.02 10.11 10.0 5.03 504 132 122.7 | 126.8 | 539.5 535,56 533.0 2.991 1.30% 1.011 L1920 455 | 1,052
3 28.91 1E. 10.27 10.0 5.8§ S8 199 123.8 | 126.8 | S540.6 857.8 356.0 g-"l 1.305 2.027 ek 0084 | 1.026
4 29.98 1% 10.58 10.6 5. 588" 272 122.9 | 128.7( 54,.0 g39.8 857.% "7 29R6 lisog r 1930 0890 L.O4T
£ 28.88 13.04 10.983 10.02 5.0% .588 342 122,53 227.3 | S44.0 $39.0 857.5 2.58) 1.301 1.091 .1938 AA324 ] 1.041
8 25,88 13.02 11.89 10,4 5.03 58T 458 1£2.4 | 153.0 | 548.0 339.6 538,0 2.908 1.502 1.189 -1933 L1489 | 1.087
7 38.78 10.07 15.05 19,01 3.0a 275 597 11,7 153.0 | 248.0 .0 258.3 R.573 1,000 1.202 0809 .1872 | 1.08%
8 29.88 10.28 13.03 12.0 5.02 317 595 122.5| 154.4 | 644.% 540.5 3.3 ] 2.988 1.028 1.305 LO48 J1e€1 | 1.009
] 29,06 10,88 13,04 -10.0 5.02 487 . 182,35 ] 157.6 | ™80 B4l.0 540 .5 2.938 1.098 1.304 21409 L1978 | 1.142
10 28.88 15.18 13.06 10.01 5.02 552 597 182,51 135.1 | 548.% 542.8 50.5 2.8388 1.317 1,304 .1856 ,1868 | 1.106
1 9.9 9.77 13.0L 6., 5.00 50 598 1R5.1) 155.7 | 3a8.0 2.0 5¢0.5 3.00% 4798 | 1.308 082 1987 | 1.068
1z £9.88 9.55 15.03 9.99 3.9%8 237 L0% ;g._d 132.8 | 548.0 842,0 S¢1.5 2,989 L9059 | 1.304 D482 1,08
TrimAry-potrle 7 epen
13 30.12 13.01 10.00 9.8 5,89 0.877 | O.0847 | 257.0| 250.3 | 540.3 541.0 E58.0 5.008 1.504 1.002 0.0080 ©0.0111
14k 3Q.02 13.05 10.11 10.0% 5.89 501 1268 | ash.Y | 848.8 | MRS 5488 2418 2,955 1.50) 1.008 .1008 o
15 2§.87 13.05 10.05 1p.01 6.A9 589 0784 | ¥m2.Q 7 a40,6 | 542.0 B4L.5 Ba2.0 594 13504 1.002 12003 0130
18 30.12 13.08 10,81 10.01 5.88 509 . o36.8 | a51.0 | 542.0 247.0 545,5 5.000 1.502 1.020 41006 0538
17 2%.98 13.0a 10.59 lﬁbl 5.87 S0 LA4T8 | B54.8 | 249.8 | 342,50 547.0 5dd O £.08p 1.503 1.037 21009 04l
| e 29.97 13.08 10.62 o 3.82 S8 ’ I5H.Q | 251.0 | Bal.O 247.0 Bt 5 3.000 1.504 1.083 1017 LOBRS
FRY 30.02 13.01 11.17 0.0 5.88 644 L3991 | 258.8 | 254.8 | Bel.0 B47.0 L TEN:] 3.00% 1.501 %117 1010 L0884
bk . 13.06 13.08 10.01 .87 589 L8270 | #38.8 | @65.) | 54l.3 Ba7.5 3440 3,009 1,504 1.505 =1009 10N
21 30.04 9.08 12.95 447 5.0 .ang 481 23E.1 | 248.9 | 548.0 542.0 B4d.0 5.013 L5801 1.290 <04 L1
22 30.09 10.49 15.00 5,86 .04 304 847 254,58 251, 548 .0 144,.0 248,.0 .15 1,061 1.30% 1008
23 10.09 11.10 15.00 9.58 B85 e 541 256.8 | 255,]1 | 548.0 6544.3 348.0 3.016 1,118 1.3Q5 .ogas 1058
2¢ 30.08 11.81 15.00 9.9 5.88 448 831 256,.% | 285.7 | 544.5 5489.0 47,0 5.00% 1.188 1.30 0748 1077
23 30.08 12,35 15.00 .98 5.84 50T 828 230.4 | §B7.4 7.4 Ba7.0Q 47.8 5.015 1.9%7 1.3C8 -ogs 1072
6 5004 15.04 15.00 B.98 5.80 a7 Nk 237.2 4 57,0 44,0 248,0 5.030 1.807 1.338 «1014 1088
27 30.14 13.45 15.01 6.1 g.a8 881 L8R a57.0 | #E2.4 | 47,0 Ba4D.5 L. 3.7 1. 546 1.508 <1118 AT
‘hluea obtained from noxxle calibratlon.
| .
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mn = | apepdary] Tertiary-| bebient | Primary y [fartiary] Grows | dross |Priwry- Tariiary-] rrinavy [Secandary|Tertiary[seecndarz frectives|arcrs-
T AT AR stream | sxhenac | welghi weight | weight | thrast | tloast] stremm Bt strqmm | pressure| pressurs|presemte| welght- | weight |thrums
tolal cotal tomal |presmure :e,.ul rlew o of pri- ’: total m-um total ;-H.n !.P'IE.IB ratie ﬂt:l 1sw  |ratie
pasore | prsasure | preesure ajea- | tampar- tawpar- ./vo % 2 b 34! ¥,
3 h L ::. (J.b/:u) (l:’:n) (n,,r:.n) e | b | e | tmwe | e ¥ . L] * My
{in, {in. {10, |werouey [ :‘ Ty Lo L A
joer 1y mun] mepoury  |abscluts) {on) {m},
1] a0.07 61.18 .0 [EYH 1108 | 1.000 | 1,000
2] 30.58 27.40 A7.43 0T 1.104 1.001 1.002
3| 30.07 297.38 v, 5T Bl 1.108 1.005 1.00%
«| 30.08 " 1.0 +H08 1.180 1.004 1.004
L| o407 27.47 T (358 1.00 1.007 1.007
8| 4,07 27,8} 7.8 A0 1.088 L.a1l 1.011
T| 20,07 27,58 av.ee B4 1.088 1.081 1.09%
IR 8,1 1) 1.098 1,030 1.08)
S| BT 20,04 80.08 WJEL 1.497 1,001 1,000
. 20,00 20.04 il 1,498 1,003 1,008
M| fin.m o, 0,12 SR 1.498 1.007 1.007
) RE, T, 0,87 .8 5T 1.498 1.008
| AT .37 m, 57 -1 R 1.458 1.080
U M.AT .. n,1s A5 & 1.4 1.08%
| 50,18 2. 20,0 i LS B0 1.0
8 3009 20.08 14.97 149 !41.0 B1,0 1.000
L17) .0 1r.00 1.8 159 BP0 £42.8 1.000
18| x0,08 1,15 15,07 »E 80,0 B43.0 1.008
1%| £2.00 ArL1S 18.18 1 A58 BBO, & 4.0 1,009
el 50,08 1,27 18,7 M JAaa7 E&}.0 846.0 1,008
) #, ™ 1b. 35 18,88 =02 238k 31,8 8.0 1,086
23| 30,14 i8.c0 18 A0 .43 3-8 5580 7.0 1,038
| 3004 A58 15,84 .98 kbl 38,8 0.0 1,084
M| .. .5 2,98 5,00 132 54,0 580.3 1.008
x X 0.4 10,04 !.g.\ AT 384.0 B8O .2 1.010
o . .16 10,17 2,87 211 BAL.0 581.0 1.008
7§ 0,11 10.33 10,33 3,00 208 E58,0 B52.0 1.0%
B M.6e 1033 10.53 I 11 38,0 2.0 1,084
24| 408 10.80 10.00 .99 383 BS&,0 aeR.e 1,0
3¢ 3.1 n.ze 11,58 3.00 AR BSS,8 BBS.0 1,18 J480 1299 | 1.QT72
x| 3.0 8.2 12.08 3.00 A27 1355,0 B4 .0 1.8M +J TBE 1712 | 1.000
38| 40.08 10,00 [, 4. 160 854, BES.E 90 {37 0159 | 1,02
35| 4G.00 0.2 10,10 4. o 35 .8 5&3.5 1,018 LOE3R L3 | 1.08)
34| 40.11 10.84 1o.2¢ +.01 e 1555 543.% 1,084 1o 01K | 1,008
= | 4081 ig.u 10.4 .08 AT 1s8,0 BE4 .0 1,038 T8 CO78 | 1.0M7
| 40.51 ] 10,58 (-] AT 55,0 EEL O 1.08 L9038 Q747 | 1.003
37| 40.98 11.08 n.oe [ ] AT B850 584.0 1,111 1081 Lok | 1.027
34| 3508 8.7 z.71 4.01 581 ] 554.8 1.388 1599 14 i.ﬁ'l
38| &0.id 1.70 1.7 [ B AT B33 .0 3.0 HTLN ot D08
40| €1.08 5.0 .0 AN 880 ES¢ B B64,0 920 S4TR Q140 | 3.007
4] 0.0 10.0b b1 M. 58.08 304 B884.0 BM.Q 1,003 - 0500, . 1.000
42| #0. 0 10.15 .53 07 SR9 54,0 553,80 1,018 JO0B4R o | 1.008
41| &0, 10,27 10.37 10 . 84,0 555 S5 1,088 0588 asas | 1.003
44| &0 Bk 0.4 10.84 SLE -] 8520 B4, 1 004 ! Q357 .ml
| s 40 01 .00 YL f62,0 648, 4119 J0895 | 1.
4€| 89,18 08 10.08 E2Q 2,0 847, Qaky E 1,07
47| 8,10 - .. A1y 852 ,4 844, HJom -1078 | 1.082
48| 80,58 4.48 L 1ok 3.8 8480 019 JSa1s
4| W.m 5.7 .57 3 5538 8).8 1 o SRS
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Figure 1. - Elector-research faclility.
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Figure 2. - Ejector notation and deseription of ejector models.
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Figure 5. - Double-shroud ejector performance. Zero cooling-air flow.
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Figure 3. - Concluded. Double-shroud ejeator performance.
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Figure 4. - Effect of primery pressure ratio on gross thrust ratio. Zero cooling-air flow.
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Figure 5. - Effect of primery pressure ratio on backflow.
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Welght-flow ratio

“ o1

.005
o0t LI AR
. @)\ l\‘ LA N - wp TP
ol e [\
\

CHR TN
002 o N
. F—g :
L A

LG

= 1}

0
-.001—’5, EE —

I ~
=-.002 l%

1 2 3 4 5 8 7 8 9

Primery pressure ratio, Pp/po
(b) Primary-nozzle position, open.

Figure 5. - Concluded. Effect of primery pressure ratio on backflow.
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Figure 6. ~ Effect of tertisry pressure ratio on secondary and
tertiery weight-flow ratios with primary nozzle in closed
position. Primery pressure ratio, Pp/pO’ 2.99; secondary

pressure ratio, Ps/po, 1.302.
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Flgure 7. - Effect of secondary pressure retio on secondary and
tertiary weight-flow ratios with primsry nozzle 1n closed
position. Primary pressure ratio, 3P/po,.2.99; tertiary

pressure ratio, Pt/po, 1.304.
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Figure 8. - Effect of tertiery pressure ratic on secondary and
tertlary welght-flow ratios with primary nozzle in open
position. Primery pressure ratio, Pp/PO: 3.0; secondary

pressure ratio, Pg./pg, "1.304.
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Figure 9. - Effect of secondary pressure ratio on secondary and
tertiary weight-flow ratios with primary nozzle in open posi-
tion. Primary presgsure ratio, Eb/PO’ 5.015; secondary pres-

sure ratio, Py/py, 1.303.
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Figure 10. - Double-shroud ejector pumping characteristics with primery
nozzle in closed position.
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(a) Primary-nozzle position, closed.

Figure 12. - Double-shroud ejector thrust characteristica.
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Figure 12. - Concluded. Double-shroud ejector thrust characteristics.
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