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INTRODUCTION 

An investigation has been ma<le of the effect of. capture area and 
ejector geometry on thrust and fuel consumption for the Mark III aircraft. 
Thi s repo-rt i s Et<- c-ontinua-tion of the preliminar-y _in-tak:e design presented 
in 73/Int.Aero/5o Various ejector configurations have been considered and 
comparison with a convergent"" dive:t'@!t-~fit nozzle plus door arrangement is 
included. An i ndication i s also given of the effect of re'plac ing the air 
driven fuel pumps of the Series II engine with mechanical pumps~ 

The calculations have been made for ·maximum R.PoM. A/BON conditions 
and Macho 92 crui se. Uhder these condit i ons sufficient bypass area should 
be a vs ilable a t all times to pass tp.e required mass flow. 

The vFJ.lues of thrust and fuel flow given are intended for comparative 
purposes only~ When the intake and ejector systems are finalized a more 
accurate determination of performAnee will be fe8sible. 

A SUJI\ffiary of. the configurations~onsi..dered is given b-elow:-

FIGS 

1 = 6 

DOOR !BYPASS 

fixed 

EJECTOR THROAT 

variable 

EXIT 

variable 

SHOWING 

Effect of -Exit 
Diameter 

CATE 

DATE 

7 = a n variable Effect of variable .· 
vs fixed Ds & De 

9 =lQ tt f i xeq 

11=12 Nozzle- variable none none 
Ejector'? .- none fixed variable 

13=14 Nozzle variable none none 
Ejector= none variable variable 

fixeq_ 

va.r.iable 
var i able 

f'ixed 
fixed 

Effect of pressure 
recovery & capture 
area 

Comparison of nozzle 
. _ plus door wit.h 

ejector p.J.'uB bypass 

" ff " 

The curves show the jumps from ~ubcrit i cal to super critical inlet 
opevation occuring at Mach 2.5. This i stconvsnience of calculation. The 
actual jump with probably be at Mach 2.4 • 

/ 
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Spillage and Additive Drag~ 

W~en the inlet is running in the 
c bpltad condit i on tb,e drag assoc i ated 
with spillage will be called ttado.ftive 
drag". When the mas~ flow is reduqed 
below choKi n~·the increase in drag 
will be calfed "spill~ge drag." 

-, 
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1,,1kr 
Chokes 

FN :a: Net Thrust. Gross thrust minus momentum and spi llage drag. 

F~ :a: Net Thrust mi nus additive drag_. 

Variable Bypass= a bypass wi th varaible gills perferably at the bypass 
entrance ~ to control the amount of air going down the 
bypass. 

Variable Door 

DP '5 Engine 

Ds B Ejector 

De B Ejector 

a door in the mai n duct (or i n the forward section 
of the bypass) which ca,n be opened to dumij air outside 
the aircraft.. r 

nozzle di ameter 

throat · di ameter 

exit diameter 

fr'i,,,,;n 

Duct 

) 

~========::=======r, ~ 
I 

Door 

CATE 

March l 
DATE 
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DISCUSSION g 

:l o Wi.riation of Exi t Diameteu· 

To produce maximUI_!J. thrust an ejector should expand the primary 
and secondary mass j'lows down to ambient pressure at the exito As 
the exit diameter deviates from· desi_gn there is a fall off in thrusto 
Optimum exit diameters are plotted against Mach number in figure 150 

The ejector throat di ameter has a large effect on pumping but a 
fai rly smali effect on thrusto Indications are that for a given__..M, 
and Pp/Pa the maximum thrust occurs with the smallest Ds that will 
pass the requi red flowo In figure 1=6 the ejector throat has been 
varied to provide the correct pumping in all cases. In figure 7 
and 8 a variable bypass is required to regulate the flpwo 

A fixed exit diameter of 5Y1 is excellent for A/B ON operation 
between Mach lo2 and 2o5 and reasonable~-up to Mac~ 3e0o However 0 if 
it is used for A/B OFF o Mach 092 cruise 0 there i ,s a large lo:ss in 
performanceo If a fully variable ejector is not possible a good 
compromise would be a 2 position ejector regulated by A/B setting, 
so thati: ' • • 

A/ BON 

A/B OFF 

D
6 

= 53 11 and D5 about 39" 

D = D :::: 331~ 
e s 

This arrangement would still require some sort of variable "door" 
in the main duct to handle the reduced RoPoMo caseso 

2o Pressure Recovery and Capture Areasg· 

Two pressure recovery curves are consideredo These are given 
in figure 13 of ?3/ IntoAero/ 5o The 11High11 pressure recovery curve is 
obtained from the calculated shock stru.cture 0 and the 11Low11 curve 
assumes addi tional losseso The 11Low11 curve is shown dotted in figure 
130 At Mach 360 the engine requires a capture area of 1106 ft; 
using the high pressure recovery 9 or 1006 fto 2using the low pressure 
recoveryo If the low capture area is combined with the high pressure 
recovery the inlet opearates satisfactorily up to about 2.,q Mach 
numbero Above this the inlet starves the engineo 

The results of figure 9=10 are summarised belowg: 

PERFORMANCE 
Below M=2o7 Above M=2&7 

High cap~ure area= High press~re recovery poor best 
II II ll = Low pressure recovery poor poor 

Low capture area = High pressure recovery best fair 
n 11 II = Low pressure recovery good poor 
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Since an accurat e determination of pre ps~re recovery will be 
possi bl e only aft er wind tunnel tests ar~ madeQ a safe approach is 
to choose a l ow capture area o A cbmpromifle would be to choose a 
capture area mi d=way between the two limi ts 0 with the view that 
thi s corresponds t o a probable pressure r ecovery val ueo 

Jo Nozzle vrs E jectors 

In f i gur es ll=l 4 the thrust and fuel consumption of a covergent -
di ver gent nozzle i s compared wi th that of an ejectoro In figures 11 
and 12 the exi t di ameters of both are considered variableo The nozzle 
configurati on cont rols the i nlet flow by ~eans of a vari able -door in 
the duct 9 and the e j ector does so by varying Ds (and hence bypass 
flowo) In f i gures 13 and 14 the exi t diamet.er of both are fixed at 
.5.3" o The nozzl e configu.rat ion again regµl~tes the f l ow ;by means of 

_a door 0 but - the -ejector has a fixed thr oat of 41" and must regulate 
bY-pas s flow by means of a vari able bypaJs entrance or restri ctor 
areao 

The e j ect or gi ves better performance in all casese Furthermore 
a nozzl e wi:th door i s apt to interfer with both the i nternal ail?­

f low in t he . duot a nd the external air f low around the aircraft ,,_ 

The e j ector and nozzle thrust ~urves do not coalesce at Mach 3oO 
where the bypass flow is zero ,, Thi s i s because air is still required 
to drive the fuel . pumps and has been disposed of~: down the bypass 
in the case of the ejector 0 or through the side of the aircraft in 
the case of the nozzleo The mass of air requir ed to drive the .fuel 
pumps i s small (3% WE ) 9 but the correspondi ng momentum drag at 
¥iach J .,O is l ar geo A consi derable improvement i n performanc~ i s 
achieved by going t o mechanically dr i ven fuel pumps at high Mach 
number sg as i s shown by the dotted l ines ip figures 11=14 0 A..~ 
allowance of½% gross thrust was made for dri ving the mechanical 
pumps .. 

Calculati ons using mechanical pumps were Made only at Mach 2
0

.5 
a nd 3o0o All other calculations c onsider air driven fuel pumps

0 

DATE 

8 
DATE 
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CONCLUSIONS:= 

1~ A variable exit area i s required to avoid seridUs lbsses ih 
thrust at either .92 cruise or Mach 3.0 

2a The capture area should be as small as possible coneistent 
with thrust relgu;i.remertts at Mach 3.0. In view ol tl1i · ;vange b! 
possible pressure recdvery values a mean capture area of ab~tit 

• 11.0 ft2 appears reasonable o 
1 

3. The ejector with bypass gives much better performance than une­
nozzle with door. 

4. There i s considerable gain. in performance at high Mach number.a 
in using mechanical rather than air driven f4e..l pumps. 

✓ 

CATE 
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