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Other ob]ects and many ef the attendant advantages of |
this invention will be readily appreciated as the same be-

- -comes better understood by reference to the following

- assignments, to the United States ef America as repre-

- sented by the Secretary of the Navy
| Filed Mar, 26, 1962, Ser. No. 132 690
a 1@ Clmms. (Cl 73—-—147)

The present mventmn relates to a variable contour
nozzle and more particularly to a fiozzle: having an inner

surface which can be shaped to contours which:are aero-
'dynamwally more suitable for a suPersemc air stream.

The primary use for the variable nozzle is for ejecting a

secondary supersoric airflow at the throdt of a supersonic |
diffuser in a wind tunnel so as to give support to a primary

supersonic flow as it streams past a test model upstream
user.

e o)

effect has been to increase the Mach number in the test
section of the tumnel without necessitating an increase
~either in the volume of air required or the pressure ratio

available.

In the past the ejector nozzles have been of a
fixed contour as shown in FIG. 7. In this nozzle the

ratio of the size of the throat openmg to the exit ¢pening
thereof will increase upon the opening of the nozzle which -

is not favorable for increasing the Mach number of a

~ supersonic airstream passing therethmu gh. .The present
- 1avention overcomes this problem by mcreasm:, the exit
| Openlﬂﬂ at a faster rate than the throat opemng upon open-

‘The ejection of a supeisonic airflow
by a pair of nozzles directed toward the throat of a first-of
- two supersonic diffusers has been considered to be a- sig-
‘niticant prior art unprevement in wind tunnel de51gn The

detailed descnptlen when considered in connection with
the accompanying drawings in which like reference nu-

merals designate like parts threughout the ﬁgures thereof

and wherein:

FIG. 1'is a side sehematle view of a wmd tunnel the

‘wind tunnel being shown generally in cross-section.
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~ veation.

20

-IV--—IV of FIG. 3.

zle

the wind tunnel cut away

- FIG. 3 is a sude view ef the resﬂlent beam. S
FIG. 4 is a cross—seetmnal view taken alonﬂr hne

FIG. 5 is an isometric view of the I'BSIIIE:IHZ beam

FIG. 61sa dlaera‘mmaﬁc s1de view of the present n-

FIG. 7 is a diagram; atic 51de v1ew ef a pner art noz- . .

Refemng now te the drawmgs wherem hke reference o

~ numerals demgqate like or corresponding parts through-

out the

| 1111]1161 havmg
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ing the nozzle thereby allowing the supersonic airstream to
attain a higher Mach number when it exits the nozzle,

'This is accomplished by pivotinig an upper member for the

ejector nozzle at both ends and providing a resilient beam

- along a portion of this member in the ejector nozzle so that
when the beam is rotated to open the nozzle the ratio of
the size of the throat opening to the exit opening de-

creases, thus allowing the airstream therethrough to attain
a higher Mach numb_er. as it exits from the nozzle. The
resilient beam is preferably constructed of urethane rub-

ber and has a reduced central portion which enables the |
beam to assume a uniform curvature in a flexed condition.

Eecause of the double pivoting of the member and the

reduced cross section of the resilient beam, the inner side -
cf the resilient beam is kept at a rather low stressed con-

dition, thus preventing a drawing in of the sides of the

beam which would leak the supersonic airstreain from the
To insure at all times a good seal, the beam has
a pair of slots spaced from its sides with an inflatable

nozzle.

bag disposed therein which bags upon inflation bias the
sides of the beam against other members of the nozzle

An object of the present invention is to provide a vari-

able contour nozzle which is eeredynammaﬂy more suit-
able for a supersomc alrstream.
Another objeet is to provide a Variable contour nezzle

which upon opening the ratio of the size of the throat to

the size of the exit thereof deereases so as to allow a
supersonic airstream introduced therein to mcrease 1ts

- Mach number as it passes therethrough.

A further object is to provide a resilient beam fer a

35

B _Ic1reular in cross-section,
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50
~plates 34 and 36 which seahngly engage the wedge pldtes

22 and the movable members 26, the inner wall of the
~ side plate 34 and the outer wall of the: side plate 36

- B5

HE

variable contour nozzle which will at all times maintain a

| good seal.

Yet another ob]ect is to provide a devlce whlch will |

produee a pair of more efficient secondary variable. super-
sonic airstreams at the throat of a first supersonic diff user

85

witkin a wind tunnel under a gwen available pressure air

SCUrce,

Yet anether object is to prev:tde a dewce for preducmg_
- a more efficient downstream pressure environment for a

main supersonic airstream flowing past a test model 1swtl:u:u
a wind tunnel. |
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several wews there is shown in FI1G. -1 a wind
main nezzle for directing a superseme'
airstream on a test model 19, a first supersonic diffuser

downstream from the model, a second superseme dif-
fuser -adjacent the first supersonic diffuser, a pair of vari-
able contour nozzles 12 inje cting supersonic air at the
throat 13 of the first supersonic diffuser, and finally a
sub-sonic diffuser adjacent the second supersonic diffuser.

The wind tunnel receives primary air throueh a conduit

14 and secondary air through conduits 16, this air being
provided by any suitable high powered compresser (not

shown). All of the air passages within the main nozzle,

‘the first ‘SUPErsonic diffuser and an upstream  poriton of
- the second supersonic diffuser are generally rectangular'

in cross-section, the remainder -of the air passages being
‘The air streams are ehanﬂed- |
in their shape by various stream shapers 18. |
The main nozzle has a patr of plates 19 which are
shaped at a throat section by a respective ]aek one of
these }acks being shown at 20. After the primary air

-flows over the test model 10 it enters the first supersonic
‘diffuser and is converged therein by a pair of wedge.

plates 22, these wedge plates being pivoted about pins 24,

Located in the second supersonic diffuser and the con-
tour nozzles 12 are a pair of rotatable members 26, each

of these members having a tilt block 28, a throat block
30 and a resilient beam 32. Forming each side of the
diffusers ‘and the nozzles 12 are a pair of heavy side

being shown in FIG. 2.

The tilt block 28 is pwot d at one end abeut a pln 38

and the throat block 30 is pivoted about a pin 40. The
resilient beam 32 is constructed of an elastomeric material -
(preferably urethane of about 90 Shore durometer ‘on the |

EA” scale), which is molded on to fingers 42 of end plates
' 44, The resilient beams are then attached to the tilt block

28 and the throat block 39 by threadmg SCIEWS 46 in the -

blocks 28-and 30. - :
The movable member 56 is shewn elesed in the phan-- |

tom line. pes:ttlon in FIG. 2 at WhICh time the resilient

beam 32 is in a relaxéd condition, and open in the full -
line- position at Whlch time the resilient beam 32 is in a

flexed. condition. .-As shown in its relaxed pesﬁmn the

| resﬂlent beam 32 is constructed to have a flat mner side
50 and a concave outer side 52. This shape gives the

resilienit beam 32 a progresswely reduced cross-section
from its ends toward 1ts cenier, lhus causing the beam to

FIG. 2 is a side view of a portion of the wind tunﬁel- o
partly in cross:section with" a portlon of the euts:tde of



'assume along 1ts inner side 56 a uniform curve between

‘the throat block 39 and the tilt block 28 when the beam is=
When the re-

in a flexed position as shown in FIG. 6.
silient beam 32 is in its flexed position. rotational mo-
m;:nts are apphed to each end of the beam as shown by

‘the-small curved arrows in FIG. 6 which in the position

shown would normally apply a considerable amount of
tension to the top -of the beam and a cons:tderable amount
‘of compression-to the bottom:of the beam.

The compres-

~sion that would normally occur at the inner side 50 of the 19

flexed beam 32 is relieved by the rigidity of the tilt block -

28 and the throat block 30, which blocks in the flexed .

position of the beam apply a tension force to the beam as |

- shown by the straight arrows. Accordingly, with-a prop-
er design of the concave side 52 of the beam a uniform

15 .
of the throat of the nozzle goes from a to ¢’ which i1s a

siressed condition can be maintained at the inner side 59

and a proper design of the movement of the blocks 28

~and 30 a substannally zero stressed condition - can be
maintained at this inner 51de 54 threnﬂ‘mut all posmons o

- of the beam 32.

‘Each resilient beam 32 has a pau* of slots 54 runmng o

the full length of the beam and opemng into the nozzle

-from the inner side 59, these slots being in the proximity

a respective side of the beam so as to provide fingers
| 55 Adjacent an inner end of each of the slots 54 is a

20

'be movable with respect to the main nozzie.

b to b’ which is not so significant an increase.

~bto b’ whichisa significant increase..

- The second supersonic diffuser sectlon is constructed to
' ‘This 1s ac-
complished by telescoping conduits 85 into conduits 16
and 8¢ and providing wheels 92 which ride on a track %4,

- The side plates 34 and 36 may be reinforced by any suit-

able means such as ribs 86. Seals are provided between
the telescoping sections at 98 and seals are provided for

‘the movable members 26 -at 169 by any smtable means.
such as O-rings. . |

FIGS. 6 and 7 ﬂlustrate the primary advantage_. of the
inventicn over the pI‘IDI‘ art, the Invention being shown

‘in FIG. 6 and the prior art being shown in FIG. 7. The

prior art shows a fixed contour member 162 which is
pinned-at 1¢4. As the member 162 goes to a more open
position from the phantom line to the full line the opening

significant increase while the exit of the nozzle goes from
Now re-
ferring to FIG. 6 as the member 26 goes to a moire open

position from the phantom line to the full line the throat
‘of the nozzle remams substantially the same teing desig- -

nated as ¢ and a’ while the exit of the nozzle goes from
-Accordingly, it can

~ be seen that as the nozzle is opened in the present inven-

o5

groove 58 which allows the fingers to be more easily

~biased against the inner walls of the side plates 34 and
‘Disposed within each slot §4'is

36 for sealing purposes.
an inflatable bag 66 havmg an inlet tube 62 which receives
air from:- a pressure air source (not shown). Running

is an O-ring seal, the grooves of ihis seal for the resilient

beam 32 being shown at 64.

34 and 39 for sealing. purposes can be selectively con-

- trolled by the degree of pressure introduced into the in-
flatable bags 60.

_Accordmgly, the degree of
biasing of the fingers 56 against the walls of the side plates

It 1s to be noted that the design of the
-movement of the blocks 28 and 30 with respect to the

"env1ronment causing a
30

the full length of the each of the movable members 26

tion the increase in the size of the exit of the nozzle with

respect to the Increase. in- ‘the ‘size of the throat of the-

- nozzle is at a much greater rate than that found in the

‘This results in a more 'favorable aerodynamic
-~ greater Increase in speed of a
supersonic airstream- passing through the nozzle in the
present invention over that shown in the prior art. -

- In the operation of the device the nozzles 12 are closed

prior art,

-and the flow is established in the main nozzle. The Mach

- number-of this flow is increased by decreasing the throat

compression on the inner side 5§ is to be corresponded

with the design of the sealing means by the fingers 56

which are biased by the inflatable bag 69. - Under certain
circumstanes it may be desirable to design the movement

40

of the blocks 28 and 39 so as to at all times introduce a «

o predetermlned amount of compression at the inner side
5S¢, thus causing a continnal biasing of the resilient beam
against the walls of the side plates 34 and 35. With such-

“a design it is conceivable that the sealing means obtained

with the ﬁngers 56 and inflaiable bags 60 would not be |

- required under these circumstances.
- The means employed to move the movable members
26 and the wedge plates 22 may take many various forms.

45

number of the main nozzle air still further.

area of the main nozzle and the throat of the first super-

sonic diffuser, the latter being accomplished by converging
the wedge plates 22.
flow decreases, the nozzles 12 are opened so as to pass -
excess air from a compressor into the second supersonic

As the main nozzle quantity of air

diffuser thus makmg it possﬂﬂe to increase. the Mach
- Once the
fuser components can be

tunnel has been started, the dif

~ adjusted so as to pmwde a wide range of wind conditions.

Mach numbers up to 6.5 at the test model can be attained
with 4% of the flow from the compressor being introduced

into the main nozzle and the remaining $6% of the flow

- from the COmPpIessor being introduced into the nozzle 12,

50

As shown in FIG. 2 one form for moving the lower wedge
plate 22 is a jack 6%, one end of the jack being pinned to -

the outer wall 36 at 68 and the other end of the ]ack
being pinned to the lower wedge plate 22 at 78. The plIl

at 70 travels through the side plate 36 and is movable in .

a suitable sealed slot therein. The same arrangement

~ would ke used for the upper wedge plate 22 and if desired .

a jack can be prow;ded for each side of the wedge plates

~ 22. A jack 72 is provided for the pair of throat blocks ¢

30, just half of this jack being shown in FIG. 2 since the
other half of the jack is symmutncal Each end of jack

72 is pinned at 74 to one end of an arm 76, the other end

of the arm being fixedly attached to a pin 78 and the pin
- 78 being rigidly attached to the throat block 3¢ at the
pivot point 48. Accordingly, when the jack 72 is actu-
ated, the throat blocks 30 are moved in an identical i
ner.
~other side of the throat blocks 3¢. A jack 89 is provided
for each tilt block 28 (only the one for the lower block
28 being shown in FIG. 2) and is pinned at 84 to the

outer wall of the side plate 36 and at its other end is pmned |

at 82 to the lower tilt block 28. Once again a pair of
~ jacks 89 may be provided for each tilt block 28, one on
each side of the wind tunnel

an--
Again another jack 72 ‘may be prowded for the

the first supersonic diff
‘environment for higher velocities at the test model.

air passing through the nozzle.

the compression ratio between the outlet of the com-

pressor and the pressure introduced back into the com-

pressor from the wind tunnel being about 4 to 1. The
increased Mach number of the secondary air exiting the
nozzies 12 causes a low pressure area at the throat of
user thus causing a more favorable

It is now readily apparent that the present invention

provides an entirely new concept in supersonic nozzles;
‘namely providing the nozzle with a movable side w]:uch |

can be made to assume various contours, these contours
being aerodynamically :‘more favorable for the stream of
One 1mportant applica-
tion of these- nozzles is In a wind tunne! where wind
velocities at the test model can be increased by using
the nozzles to present a more -favorable. downstream

~ pressure environment wﬂhm the tunnel.
65

Obvicusly many modifications and variations of the '

- present invention are possible in the light of the above

70

teachings. It is therefor to be understood that within

the scope of the appended claims the invention may be

practiced othermse than as ‘specifically described.
I claim:
1. A supersomc nozzle havmg an inlet and an outlet

and inner sides, comprising one side of the nozzle being
formed by a member having a rigid upstream end portion
and a rigid downstream end portion, each end portion be-
“ing pivoted about a

respective fixed axis, the axes being
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parallel to one another and said member having a resilient

middle porttou between said end portions so that upon

~ rotation of either of said end portions said member can be | |
 caused to assume various shapes for chaugtug the contour

of said nozzle.

2. An ejector nozzle for causing a low pressure sup...r-
sonic fluid stream downstream from a diffuser compris- -
ing a pair of side plates opposmg one another, a rigid -
block pivoted about an axis passing through said plates.

a rigid arm spaced downstream from the block and piv-

oted about another axis passing thmugh said plates, and
parallel to said first mentioned axis, an elastomeric beam
disposed in the space between the block and the arm

having ends fixedly attached to the block and the arm,
the block, arm and beam each having a pair of sides

“normal to the pivot axes which sealingly engage said

plates, another plate mounted on the pair of pla..es SO

~“as to face the block and the beam whereby upon rotating -
~ the block and/or the arm about their respectwe pivots

away from the latter plate the ratio of the size of the

opening formed by the plates and the block with respect
to the opening formed by the remainder of the nozzle
" decreases thereby causing the fluid stream to increase in

VEID"‘I’[Y as it passes through said nozzle.

3. An ejector as claimed in claim 2 wherein the ueam _.
-has a reduced cross section between its ends so as to.

even out stress upon the beam and minimize  abrupt

of the block or the arm.
4. An ejector as claimed in claim 2 Wherem the plate

facing the block and beam is pivoted about an axis up-

stream from the beam and has a side opposite the side

facing the block and beam whlch forms a wall for said

diffuser.

5. An ejector as clatmed in claim 2 wherein the beam

has a pair of slots opening into the fiuid stream, each

~ slot being spaced from a respective one of the beam’s pair
 of sides and extending between the ends of the beam so

-as to form a portion of each of the latter sides into a

finger and an inflatable bag disposed within each slot

and extending therealong whereby upon inflation of the

13,180,140

forming one wall

6

7. An ejector as claimed in claim 6 wherein the beam is

made of a urethane rubber with a Shore harduess of about_

60 durometer on the “A” scale.

8. In a wind tunnel having a ﬁrst supersomc dlﬁuser- o
downstream from a test model, the first supersomu dif-
~ fuser ha‘vmg plvuted wedge plates for.converging air into
a second supersomc dtﬁuser the wedge plates also each
a respective injector nozzle, each =~

for a

~ injector mozzle ruerg ng a low  pressure supersumc air

10

stream with main air from the first supersonic diffuser

* after the main air exits the wedge plates; each injector

15

20

nozzie havmg a movable member opposite a respective
wall of the wedge plates and pivoted downstream from

the wedge plates; the improvement comprising the. mov-- |

able member also being pivoted at an upstream end, a =
‘portion of the movable member opposite the wall of =
- the wedge plate being an elastomeric beam whereby upon -~
~ rotating the movable member about either of the pivots -
away from the wedge plate wall the ratio of the opening - -

of an upstream end of the nozzle decreases thereby caus--

~ ing -a’ more favorable environment for the air stream
- passing through the nozzles to 1ucrease 1ts Veluc:tty as -

1t travels downstream therein,

| changes in the curve assumed by the beam upon Totation N

30

39
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bags the fingers are biased against the side plates to main- -

tain a seal between the beam and said side plates.
6. An ejector as claimed in claim 5 wherein the pair of

‘sides of the beam each have a groove extending along an |

outer end of a respective finger with respect to the nozzle

- whereby the fingers can be more easﬂy btased toward the

side plates

9. The improvement as claimed in claim 8 wherem each-'__
“elastomeric beam-in a relaxed state has a flat side facing - =
- the wedge plate wall and a side opposite the flat wall which - .
~ is concave whereby upon flexing the beam by rotating the
‘movable member about either pivot the beam will assume -
~ a smooth curve and undergo a more even stress condI-]i

tion throughout | - |

10. The tmprovement as clalmed in claun 8 Wherem |

each beam has a pair of sides engaging side plates of
the nozzle and means within each beam for biasing each

side thereof against opposite facing walls .of the nozzle

0. as _to provide sealing between the beams aud the"”.
- side plates of the nozzle.
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