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SUMMARY

A b lock ing  s t ru t  p r inc ip l e  was app l i ed  to ob t a in

a va r i ab l e - a r ea  f i na l  nozz l e  for  a r ehea t ed  eng ine .  Three

d i f fe ren t  s t ru t  p ro f i l e s  were t e s t ed  us ing  a spec i a l l y

des igned  ba lance  fo r  measur ing the s t ru t  d rag .  The short

p ro f i l e  with b luff  t r a i l i ng  edge was found p re fe rab le  to

the aerodynamica l  p ro f i l e  wi th  long chord 0
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INVESTIGATION OF BLOCKING STRUTS FOR
CHANGING THE FINAL NOZZLE AREA OF A JET ENGINE

INTRODUCTION

A va r i ab l e - a r ea  nozz l e  la de s i r ab l e  for a r ehea t ed  je t
eng ine .  As one of many methods  of changing the a r ea  of the f ina l
nozz l e ,  a b lock ing  s t ru t  can be employed which would be removed
( fo r  i n s t ance ,  p ivo t ed  on a h inge )  during the run of the engine
on r ehea t ,  thus i nc rea s ing  the a r ea  of the nozz l e .  Without  rehea t
the s t ru t  swung in to  pos i t i on ,  would g ive  the sma l l e r  nozz l e  a r ea .

TEST APPARATUS

An Orenda Mk. li| Je t  eng ine  wi th  r ehea t  i n s t a l l a t i on ,
mounted in Tes t  Ce l l  No. 2, was used for  t e s t s .  The t a i l p ipe
d iame te r  was i n s . ,  the f i na l  nozz l e  d i ame te r  21 i n s .  For s t ru t
t e s t s  the engine was run without  r ehea t .

Three b lock ing  s t ru t s  of 20 i n .  l eng th ,  made from 16-
gauge Incone l ,  were t e s t ed , .  They are shown in Figure l | .  The
p ro f i l e s  were chosen ,  on the recommenda t ion  of High Speed Aero-
dynamics  Labora to ry ,  as f o l l ows :

P ro f i l e  A: NACA 002 , maximum th i cknes s  3*7 i n . ,  chord 11 .1  i n .
P ro f i l e  B: NACA 602-015»  maximum th ickness  3.7  l n„ ,  chord 7 i n .
P ro f i l e  C: P ro f i l e  B up to the maximum th i ckness  3° 7 in .  , then

cut to bluff t r a i l i ng  edge ,  mounted on the 20 x 3 x
1/2 in 0 ba r .

During the t e s t s  the maximum th i cknes s  of the s t ru t  p ro -
f i l e  was held in the p lane  of minimum c ros s - sec t i on  of the nozz l e ,
thus g iv ing  the maximum b lockage .

I t  was known from p rev ious  expe r i ence  (Re f s .  1 and 2)
that sma l l  d i f f e r ences  in drag cannot be accu ra t e ly  de te rmined  by
measurements  wi th  the t e s t  bed th rus tmete r .  A spec i a l l y  des igned
balance  was therefore  u sed ,  which enabled  d i r ec t  measurements  of
the drag  to be t aken .  This arrangement i s  shown in F igures  1 ,  2
and 3· The exposure  of the crew to the engine no i se  and exhaus t
gases  prevented  the use of we igh t s  as de sc r ibed  in Re fe rence  1,
and i n s t ead  a 2000- lb .  sp r ing  dynamometer was i n s t a l l ed ,  as shown
in  Figure 1 .  The ba l ance  was l eve l l ed  during the t e s t s ,  u s ing  a
hand winch (F ig .  1 ) .

TEST RESULTS AND DISCUSSION

The drag depends  on p.M , where p i s  the s t a t i c  pressure
and M the Mach number (See ,  for  I n s t ance ,  Ref .  3 ) .  The measured
values  were therefore  reduced to s tandard  ambient  p ressure  and
p lo t t ed  aga ins t  co r r ec t ed  engine speed e
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The results of the tests were rather surprising, as may
be seen from Figure 5. The expected behaviour 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. However, this
speed Is of minor practical Importance o For higher engine speeds,
especially at and over the critical pressure ratio 1.85 (choking
condition, Fig. 6), the drag curves A and 0 are practically the
same. Strut B shows, at these speeds, about 10% higher drag (Fig.
5).

Figure 7 shows the corresponding thrust figures obtained
with the struts tested, and Figure 8 the fuel flows and turbine
outlet temperatures.

CONCLUSIONS

At higher engine speeds of about 7200 r.p.m, and over,
the blocking strut C with short profile and bluff trailing edge,
showed the same drag as the strut A with long profile. It Is
easier, from the design point-of-vlew, to install and operate the
strut C, than A, and therefore strut C is to be preferred.
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FIG. I GENERAL  VIEW OF TEST INSTALLAT ION
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FIG. 2 DETAILS  OF TEST INSTALLAT ION
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FIG 3 DETAILS  OF TEST INSTALLAT ION
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FIG. 4 BLOCKING STRUTS TESTED
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