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SUMMARY

A blocking strut principle was applied to obtein
a variable-area final nozzle for a reheated engine. Three
different strut profiles were tested using a specially
designed balance for measuring the strut drag. The short
profile with bluff tralling edges was found prsferable to
the asrodynamical profile with long chord.
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INVESTIGATION OF BLOCKING STRUTS FOR
CHANGING THE FINAL NOZZLE AREA OF A JET ENGINE

INTRODUCTION

A variasbles-area nozzle is deairesble for a reheated jet
engine., As one of many methods of changing the arsa of the final
nozzle, a blocking strut can be employed which would be removed
(for instance, pivoted on a hinges) during the run of the sngine
on raheat, thus increasling the area of the nozzls, Without reheat,
the strut swung into position, would give the smaller nozzle area.

TEST APPARATUS

»

An Orenda WMk, 1l let engine with rehaat installation,
mounted in Test Cell No. 2, was used for tests. The tailpipe
diameter was 2/} ins., the final nozzls diameter 21 ins. For strut
tests the engine was run without reshest.

Three blocking struts of 20 in. length, made from 16=-
gauge Inconel, were tested, Thsy are shown in PFigure . The
profiles were chosen, on the recommendstion of High Speed Aero-
dynamics Laboratory, as follows:

Profile A: NACA 0024, maximum thickness 3.7 in., chord 11.1 in.

Profile B: NACA 665-015, maximum thickness 3.7 in.,chord 7 in.

Profile C: Profile B up to the maximum thickness 3.7 in., then
cut to bluff trailing edge, mounted on the 20 x 3 x
1/2 in. bar.

During the tests the maximum thickness of the strut pro-
file was held in the plane of minimum cross=section of the nozzle,
thus giving the maximum blockags.

It was known from previous experience (Refs. 1 and 2)
that small differesnces in drag cannot be accurately determined by
measursments with the test bed thrustmeter. A speclally designed
balance was therefore used, which enabled direct measurements of
the drag to be taken., This arrangement is shown in Figures 1, 2
and 3. The exponsure of the crew to the engine noise and exhaust
gases prevented the use of weights as described in Referenes 1,
and instead a 2000-1b. spring dynamometsr was installed, as shown
in Figure 1, The balance was levellsd during the tests, using a
hand winch (Fig. 1).

TEST RESULTS AND DISCUSSION

The drag depends on p.Ma, where p 1is the static pressure
and M the Mach number (Ses, for instance, Ref, 3). The measured
values wers therefore reduced to standard ambient pressure and
plotted against corrscted engine spesd.
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The results of the tssts wers rather surprising, as may
be sesen from Figure 5. The sxpected bshaviour of the struts was
found only at lower engine speed. That is, the lowest drag was
measured for strut A, and the highest for strut C. Howsver, this
spesd is of minor practical importance. For higher sngine spseds,
especially at and over the critical pressure ratio 1.8% (ehoking
condition, Fig. 6), the drag curves A and C ars practically the
same, Strut B shows, at these spsedsa, about lo%phigher drag (Fig.

5}

Pigure 7 shows the corrasgonding thrust figures obtained
with the struts tested, and Figure the fuel flows and turbine
outlet temperatures.

CONCLUSIONS

At highsr engine spesds of about 7200 r.p.m. and over,
the blocking strut C with short profile and bluff trailing sadgs,
showsd the same drag as the strut A with long profile. It 1s-
sasier, from the design point-of=view, to install and operate the
strut C, than A, and therefore strut C is to bs preferread.
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FIG.| GENERAL VIEW OF TEST INSTALLATION




FIG.2 DETAILS OF TEST INSTALLATION




FIG3 DETAILS OF TEST INSTALLATION




FIG.4 BLOCKING STRUTS TESTED




I

SEARE Lhck. L T e

GKING STRUTS

k)

T BLO

T

}

|
[

|
i } |
B SR A SV

d

4

-

) F—

t

SPEED R|P.M. |

6000

| B i

5365

3 2 1
|
|

- L
T




_f

a

RPN AR, (LS S
LR
-] - : ?
-1

kg \llv.l lrtlr

SRS

‘Md. o_zhus_oxqm\ mn__ ._E. un:

W 1
_ |
- =}

.me

|

;|
50 i
SPEED R,P.M.

} l I
5500

oy

JET PIPE PRESSURE RATIO VS ENGINE SPEED
(AT 30IN.HG, AND 288°K) :
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