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INTRODUCT TON

The design ot supersenic nogaeles is becomingy 1ncteasingly complex as
contlicting requivements tor low norse, higher efticiency, and widevr opera-
ting range are driving the designer towadd mote variable geometry and mul-
tiple stream flows. Analvsis techniques must be moditied aad expanded to
take into account thoese additional complexities and still retain the rapid
computational rate necessary tor optimisation and design studies. A noszle
avalysis must handle more flow streams, moce vomplex geometries, and more
hightly distorted 1nttial profiles.  This paper discusses some moditications
ta a wmethod for calculating the pertormance chavactervistics ot supersonic
ejector nozales and demonstrates the improvement in results the moditica=
tions provide.

BACKGROUND

Lo retevences 1oand 2 a method is presented tov analyeaing the tlow
tield 1o an axisyomelric ojector noszle haviog a supersonice core and a sub-
sonie secondary tlowe  The cove tlow s treated with the method ot charvac-
teristion, the sccondavy Flow with a one-dimensional analysis, and the mix-
tng of the two streams with a semivempivical rvelation (rety 3). For a con-
ical choked core noscle a sonie line initial protile s obtained using the
method ot veference 4. This code 1s used as o design and optimization pro-
codure and takes about 0 minutes ot CPU time ca an 1EM dou,

It 18 demoustrated 1a teterence J that the shape ot the tmtial profaile
can have a signiticant ettect on pertormance,

Comparison hetween tlovs with unttom protiles and tlows with the more
realistic profiles predicted by the method ot reterence @ show ditteremnces
at about 1 perveent in nocele etthiciency. Compartisons with data show that
the results based on the realistic protiles are in much better agreement
with experiment.

MODLIFLICATIONS IO ANALYSLS

In response to the requirements ol newer supersonie nosele designs, the
method of reference 1 has been extended to analyse two sepatate concentrie
suporsonic core streams,  The streams arve assumed to be sepavated by a slip
line and no mixing of the two core streams 1y considered.  The mixing ot the
auter core stream with the secondary tlow s retalned, Lo this peometry the
auter care throat is no longer a conical convergent nossle, and the initial
protii < based on reterence §oave no longer valide 14 o central plug s
present neirther core throat may he conical. The signiticant radial compo=
nent ot veloeity o the throat rogrons implies that o vmitorm initial pro-
tile is probably not appropriate.
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A transonic time=dependent analysis by M. Cline (ret. H) was used to
generate realistic initial protiles for the outer stream ot these contigura-
tions., This analysis was applied to the outer core stream in the immediate
neighborhood of the throat, including a short region downstream of the lip.
A constant pressure boundary condition was used at the slip line. The use
of this procedure for initial profites produces a significant change in the
nozzle pertormance and a better comparison with experimental data.

RESULTS

Figure 1 shows the two axisymmetric geometries discussed in this
paper. The shroud contour and the outer tan stream nozzle lip arve identical
for both geometries. Case 1 has an isentropic splitter between the fan and
core tlows, a short core plug and intervnal supersonic expansion in the cen—
tral core stream passage.  Case 11 has a conical splitter and a larger diam=
eter, longer plug. Thoe splitter between the two core flows 1is assumed to be
very thin., The central core flow is choked at the end of the splitter.

The flow fields produced by two ditterent initial protiles in the outer
gore stream were ane vacd for ecach peometry,  One protile had a unitorm Mach
number along a straisht line.  The tlow anpgle varied linearly between the
two solid boundaries to mateh the tangency condition.  The second ini- tial
profile was obtained by applving the transonic analysis of reference 5 in
the throat region of the outer core tlow, A line with supersonie veloci-
ties was chosen from this solution as the initial profile. The central core
tlow was assumed to have a unitorm initial protile.

A comparison of the Mach 1.0l lines trom each protile are shown in tig=
ures 20a) and (D). L cach case it is clear that the straight line profiles
are not a very good approximation to the more realistice resolt trom the
transonic analysis,  Ia tigure dla) note the overexpansion on the splitter
due to its upstream curvature. The transenie solutions also lndicate a more
complex tflow angle variation than the simple linear change tor the uniform
profile.

Comparisan of the pertormance parameters for each initial profile ave
shown in tigores 3ta) and (). The pross thrust coelticient (the computed
thrust divided by the sum of the ideal thrust ot the two core tlows) is
plotted as o function ot scondary mass tlow ratio (secondary mass flow divi-
ded by total mass tlow).  The thrust coctficicats arve presented alony with
some unpublished experimental data on these geometries taken at Lewis
Resecarch Center.e  The values of gross thrast coetticient above 1.0 ave the
result ot neglecting the secondary mass tlow in the ideal thrust computation,

The more vealistic ivitial protiles trom the analysis of reference
reduce the thrust coefticivnts by about 1 1/0 percent.  The reduction brings
the value in better agreement with the expervimental data.  Similar conclu-
sions can be observed tor both configurations.

CONCGLUS TONS

The initial protile tor a nocale tlow can sipniticantly atfect nozzle
pertoraance.  Particuolar cave should be used in those cases with large ra-
dial velocity componeats and wall curvature near the nozzle exits. Special
efforts to obtain realistic initial profiles for analytical work will
preatly tmprove the validity of the results.
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Figure 1. - Ejector geometry,
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