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RESEARCH MEMORANDUM

PUMPING AND DRAG CHARACTERISTICS OF AN AIRCRAFT EJECTOR
AT SUBSCNIC AND SUPERSONIC SFPEEDS

By Gerald C. Gorton

SUMMARY

An invegtigation was conducted in the 8- by 6-foot supersonic wind
tunnel on & cylindrical-shroud ejector {diameter ratic of 1.2 and spac-
ing ratio of O. 80) Data were cbtained at weight-flow ratios of 0.014,
0.095, 0.234, and 0.380 for primary pressure ratios ranging from 1 to 16
and at free-gtream Mach numbers of 0.1, 0.6, 1.6, and 2.0.

The results of this investigation indicate no effect of free-stream
Mach number on the pumping characteristics of an ejector of this type.
Boattall pressure-drag and base pressure-drag coefficients were found to
decrease with increasing primsry pressure ratio similar to conventional
nozzles. It was also found that these drag coefficients decreased as
weight-flow ratio was increased.

The results also indicate that the primsry-nozzle mass-flow coeffi-
cient was affected by the secondary flow. Apparently the internal
geometry of the secondary passage, at the exit station of the primary
nozzle, was critical in effecting a decrease in primary-nozzle mass-flow
coefficlient as weight-flow ratio was increased to values greater than
0.10.

v

INTRODUCTION

Consideraeble effort has been expended to evaluste ejectar perform-
ance, but this work has been largely limited to quiescent-air investi-
gations (e.g., ref. 1). Consideration must also be given to any possible
effect free- stream Mach number might have on the internal performance of
an ejector, inasmuch as ejectors may be used to satisfy the cooling and
thrust requirements of aircreft operating over & wide range of £flight
speed. Por a plug nozzle and a series of convergent-divergent nozzles,
references 2 and 3 indicated that the internsl performance was generaelly
insensitive to external flow except for the condition of flow separation
from the eonvergent-divergent nozzle wall. However, it is not evident,
without investigetion, that these results are applicable to an ejector
nozzle. :
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In addition to the effect of free-stream Mach number on the pumping
charascteristics, information is lacking regarding the effect of the Jet
on the external characteristics, as was discussed in references 4 and 5
for fixed nozzles. In the case of the ejector, there is the sdded vari-
able of weight-flow ratlo which might also effect the amount of inter-
action between the internal and external flow.

The pumplng and drag characteristics for a cylindrical-ghroud ejec-
tor (diameter ratio of 1.2 and spacing ratio of 0.80) are evaluated for
weight-flow ratios of 0.014, 0.095, 0.234, and 0.380 at free-stream Mach
numbers of 0.1, 0.6, 1.6, and 2.0 for primary pressure ratios ranging
from 1 to 16. The results are presented for zero angle of attack and
for & primaxry Jjet tempersture of 860° R. Limited data are also presented
for an angle of attack of 8° and for primary Jet temperastures ranging
from 1500° to 2000° R.

This investigetion was conducted at the NACA ILewis laboratory.

SIMBOLS

The following symbols are used in this report:

Apex meximum model cross-sectional area, 0.371 s8q £t
Cp coefficient of drag, F/qOAmax

Cp coefficient of pressure, (p,-Pol/d

D diameter, ft

DS/D:P diameter ratio -

F drag force, 1b

£ fuel flow, lb/sec

L length of shroud from primasry-nozzle exlt, ft
L/Qp spacing ratio

M Mach number

P total pressure, lb/sq £t

P atatic pressure, lb/sq £t

q dynamic pressure, Ib/sq £t
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T total temperature, °R
U total elr flow, lb/sec
W welght flow, lbfsec
Ws 1 [Ts

-v-g -T—P- welght-flow ratio

o angie of attack, deg
T ratio of specific heats
Subscripts:

a boattail

b base

e effective

i ideal

P primary nozzle

g8 secondaery nozzle

t total

X axisl distance

0] free stream

APPARATUS AND PROCEDURE

The generalized exlt model with an ejector afterbody was installed
in the 8- by 6-foot supersonic wind tunnel as schematically illusitrated
in figure 1 (see ref. 2 for details). Air was directed into the model
by means of two hollow support struts. This air was preheated to a
temperature of spproximately 860° R in order to eliminate possible con-
densation effects within the nozzle. A limited amount of data was
obtained for ejector primary-air temperatures ranging from 1500° to
2000° R by using a can-type gasoline cambustor Cfig. 2) located ahead
of the primsry nozzle.



4 G NACA RM ES54DO6

The geocmetric characteristics of the ejector, including static-
pressure instrumentetion, are shown in figure 2. Secondary flow was
bled from the primary chamber through six equally spaced ports located
around the clrcumference at station 3. A rotateble metal ring which
encloged varilous portions of the bleed ports made 1t possible to con-
trol the secondary flow. '

An A.S.M.E. sharp-edged orifice, located upstream of the model, was
used to measure the total air flow U through the model, whereas the
fuel flow £ +to the preheater and the main combustor was measured by
independent rotameters. The secondary weight flow Wy was determined
from a calibration of the bleed-port mechanism used in conjunction with
pressure measurements across the port. Primary weight flow Wb was
celculated by a summation of the total air flow, fuel flow, and secondary
welght flow as follows: )

Wy =5 U+ £ - Wg | (1)

The total pressures in the primary and secondary nozzles were
obtalned from continuity relations, with the total temperature, weight
flow, and static pressure of the respective gtreams known at e glven
station. Primery-nozzle total pressure was calculated at station 6,
whereas the secondary-nozzle total pressure was determined at gtation
4. For the case of hot flow (1500° to 2000° R), the primary-nozzle
mass-flow coefficient was assumed to be the same as for the equivalent
cold-flow case (8600 R). The primary total pressure and Jet tempersture
could then be computed. :

Megs-flow coefficients for the primary nozzle, with cold flow, were
calculated as the ratio of computed primary weight flow Wﬁ- to the
idesl primary weight-flow Wf’i which was determined from continuity

relations for a choked nozzle, with the total tempersture, total pres-
sure, and geometric area known at the primary-nozzle exit.

Boattail pressure drag was obtalned from an integration of the
static pressures measured along the boattall. Static-pressure orifices
on the top and bottom of the boattail were located axielly as indicated
in figure 2. The bage pressure drag was calculated from the static
pregsures measured at the base of the ejector. These static pressures
were measured by three orifices, located one each on the top, bottom,
and a side. :

In order to arrive at a total-drag value for the configuration, =
value of nose pressure and frictlon drag, taken from reference 4 for the
same basic model, was used in conjunction with the values of boattall
pressure drag and base presgsure drag of the Investligation reported
herein.
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RESULTS AND DISCUSSION
Internel Characteristics

Pumping characteristics of the ejector are presented in figure 3.
Thege data, which were obtained for primary pressure ratios ranging from
1l to 16, show no effect of free-stream Mach number or angle of attack
on the pumping characteristics. It therefore seems reasonable o
asgume that the thrust characteristics of such an ejector would likewise
be unaffected.

Mass-flow coefficients for the primsry nozzle are unaffected by
free-gstream Mach mumber or primary pressure ratio, as indicated in fig-
ure 4(a). However, there appears to be a change In mass-flow coeffi-
clent with weight-flow ratio (fig. 4(b)). The msss-flow coefficient is
maintained constant at 0.95 to welght-flow ratios of epproximstely 0.10,
but decreases with increasing weight-flow ratio untll at a welght-flow
ratio of 0.380 the mass-flow coefficient has decreased to 0.85, indi-
cating the formation of a vena contracta downstream of the primary-
nozzle~exit station.

In correlsting the pumping characteristics of this ejector with
one of nearly equlvalent diameter and spacing ratlo investigated in
quiegcent air (ref. 1) , it was found that only at the low welght-flow
ratios (below 0.10), where the mass-flow coefficient of the present in-
vestigation was spproximately the same as thal of reference 1, was
there reasonsble agreement. To achieve better correlstion at the larger
weight-flow ratios, it was reasoned that a reduction in the mass-flow
coefficient was equivalent to an increase 1n the ejector diameter ratio;
therefore, an effective diameter ratio (Ds/Dp)e was assumed. The
effective diameter ratio was obtained by replacing the geometric diam-
eter of the primary nozzle with an effective dismeter. Since the mass-
flow through a nozzle varies as the square of the nozzle diameter, the
effective diameter of the primery nozzle is deflined as the geometric
diameter multiplied by the square root of the mass-flow coefficient.
Inasmuch as data were not available in reference 1 for ejectors of com-
pareble effective diameter retios, a linear interpolation at a constant
primary pressure ratlo was utilized, whereby pumping characteristics
for geometric dlemeter ratios of 1.21 and 1.41l, with respective spacing
ratios of 0.796 and 0.855, covered the necessary range. The diameter
ratios of reference 1 were alsc modifled by their mass-flow cocefficient
(0.985) prior to interpolation.

The comparison in figure 5 showed generally good correlstion, in-
dicating that the effective diameter ratio is more significent than the
geometric diasmeter ratio 1n predicting ejector pumping characteristics.
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The essential difference between the ejector of reference 1, which
had & geametric dlameter ratio of 1.21 and e spacing ratio of 0.796, and
the ejector reported herein is the geometry and flow directlon of the
secondsxry passage at the exit station of the primary nozzle (see 11lus-
tration in fig. 5). The results of this investigation, therefore, indi-
cate that the geometry of the secondary passage, as well ag the spacing
and diesmeter ratios, can influence the pumping characteristics of an
ejector. '

Externsl Characteristics

Boattail pressure-~drag coefficlents, obtained by integrating the

boattall pressure distributions (fig. 6, e.g.) are presented in figure

7 as & function of primery pressure ratio and welght-flow ratlioc. As
would be expected, the boattall pressure drag of the ejector decreased

as the primery-pressure ratio was Iincreased. In addition to this over-
pressure effect of the Jet, which is simijsr to that noted for conven-
tional nozzles (ref. 4), there is also a reduction in boattail pressure
drag with increased weight-flow ratio, prcbably as a result of the higher
secondary total pressures present with increased weight-flow ratios.

Base pressure-drag coefficients were calculated from static-pressure
measurements taken at the base of the ejector shroud and are presented in
figure 8 as a function of primary pressure ratio and weilght-flow retio.
As was observed with boattail pressure drag, the base pressure drag was
decreased by the overpressure effect of the jet at the higher primery
pressure ratios and by the higher secondary total pressures assoclated
with an Incresse in weight-flow ratio.

Bogttall pressure-drag, base pressure-drag, and total-drag coeffl-
clents are summarized in figure 9 as functions of primary pressure ratio
and free-stream Mach number. Boattail pressure-drag coefficients are
highest at Mg = 1.6 for moet of the primary pressure-ratio range and

lowest at Mg = 0.6. The grestest change wlth primary pressure ratio
wes noted at Mgy = 1.6, similar to the results of references 4 and 5.

Base pressure-drag coefficients increase with free-stream Mach number st
a constant primary pressure ratioc and are affected by the primsry pres-
sure ratio in & similer manner st each Mach number. The total-drag
coefficients presented are a summatlon of the boattall pressure-drag and
base pressure-drag coefficients plus a coefficlient of nose pressure and
friction draeg teken from reference 4 for the pame basic model. Such a
sumnation indicetes the relative significance of boatteil pressure drag
and base pressure drag as components of totel drag. For this configura-
tion, the base drag was relatively insignificant to the total drag,
since the base was merely the thickness of the metal at the base of the
shroud. ' .
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A limited amount of hot-flow drag data 1s included in figure 9 for
comparigson with the drag data obtained with cold flow for the same bleed-
port setting (weight-flo_w ratio of 0.014). These data for Mg = 1.6 and
2.0 indicated a very slight decrease in boattail pressure drag with an
increase in tempersture. This trend is supported by observations maede
from schlieren photographs and statle-pressure distributions which indi-
cate an upstream movement of the trailing shock, which was also noted
in reference 6,

SUMMARY OF RESULTS

The following results were obtained from an investigation in the’
8- by 6-foot supersonic wind tumnel of a cylindrical-shroud ejector
(diameter ratio of 1.2 and spacing ratio of 0.8). The data were obtained
for weight-flow ratios of 0.014, 0.085, 0.234, and 0.380 for primery
pressure ratios ranging from 1 to 16 and at free-stream Mach numbers of
0.1, 0.6, 1.6, and 2.0.

1. There was no apparent effect of free-stream Mach number or angle
of attack on the pumping characteristice of the ejector investigated.

2. Boattail pressure-drag and base pressure-drag coefficients de-
creased with increasing primary pressure ratic similar fto conventional
nozzles. In addition, these dreg coefficients decreased with increasing
weight-flow ratio.

3. The primary-nozzle mass-flow coefficient deecreassed considersbly
as the welght-flow ratio was increased to values grester than 0.10.
Apparently the internal geametry of the secondary pessege at the exit
station of the primsry nozzle is critical in estdblishing thls trend
wilth weight-flow ratio.

Lewis Flight Propulsion Isboratory
National Advisory Committee for Aeronautics
Cleveland, Ohioc, March 31, 1S54
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