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ABSTRACT [571 
There is described a vehicle door assembly with shear layer 
control for controlling the airflow in and around an aperture 
in the vehicle fuselage. The vehicle door assembly consists 
of an upper door and a lower door, both slidably mounted to 
the exterior surface of the vehicle fuselage. In addition, an 
inner door is slidably mounted beneath the upper door. 
Beneath the inner door is an aperture assembly having an 
aperture opening positionable to be substantially flush with 
the exterior surface of the vehicle fuselage. Also provided 
are means for positioning the aperture assembly in an 
upward and downward direction in relation to the vehicle 
fuselage. - 
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DOOR ASSEMBLY WITH SHEAR LAYER 
CONTROL APERTURE 

The door assembly of the present invention is powered by 
a drive motor mounted on the aperture assembly driving 
parallel shafts through a common transmission. One of the 
shafts opens and closes the aperture by driving the pinion 
gears mounted on the exterior surface Of the aperture assem- 
bly which, in tum, engage racks on the interior surface of the 
inner door. The other shaft operates pinion gears that drive 
the aperture assembly upward and downward along the pair 
of fuselage-mounted racks. The outer doors are utilized to 

io  close the opening of the vehicle fuselage vacated as the 
apeflue assembly tracks up and down. 

assembly provides a 

The invention described herein was made in the perfor- 
mance of work under NASA Contract No. NAS2-13599 and 5 
is subject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958(42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 

For a variety of applications, both scientific and other- 
wise, it has become desirable to include open-air apertures 

such application is the installation and operation of optical 
and sonic equipment for the observation of atmospheric and 15 
extra-atmospheric phenomena. Moreover, optical and other 
scientific equipment positioned to take advantage of an 
aperture positioned in the fuselage of an aircraft are 

aperture prevents or impairs use of such equipment. 
Many scientific applications would benefit from the abil- 

ity to position highly sensitive scientific equipment within 
the fuselage of an aircraft or other airborne vehicles and 
utilizing an open air aperture. When the scientific equipment 
is in use, the aperture can be fully revealed. When the 25 
scientific equipment is not in use, the ability to close the 
aperture serves as a means to protect and maintain a con- 
ditioned environment for the instruments. 

For the foregoing and other reasons, there is a need for a 
door assembly capable of being mechanically positioned 30 installed on an aircraft having an exposed aperture; 
either to open or close an aperture in the fuselage of an 
aircraft or other airborne vehicles with an integral shear 
layer control. 

mechanically positioned either to open or close a shear layer 
control aperture in the fuselage of an aircraft or other 
vehicle. The exterior surface of the door assembly is a shear 
layer control surface for providing an optically and acous- 
tically stable shear layer over the aperture. 

ne exterior surface of the 
in the fuselages of aircraft or other airborne vehicles. One shear layer control surface controlling airflow Over an open- 

ing and controlling the flow along the vehicle fuselage, 
The door assembly of the present invention provides 

effective shear layer control, substantially non-turbulent 
cavity environment, with minimum drag. Moreover, the 
design is easy to fabricate, assemble, install and service. 

the invention will readily suggest themselves to those skilled 
in the art. 

sensitive, and in and around the Other advantages and applications deriving from the use of 

BRIEF DESCRIFTION OF THE DRAWINGS 

For a more complete understanding of the present inven- 
tion and the advantages thereof, reference is now made to 
the following detailed description taken in conjunction with 
the accompanying drawings. 

FIG. 1 is a perspective view of the present invention 

FIG. 2 is a perspective view of the embodiment shown in 

FIG. 3 is a perspective view of the embodiment shown in 

FIG. 4 is a perspective view of the exterior of the inner 

FIG. 5 is a perspective view of the interior of the inner 

FIG. 6 is an illustration of the drive assembly; 
FIG. 7 is a perspective view of the portion of the aircraft 

fuselage containing the opening used by the aircraft door 
assembly; 

FIG. 1 with the aperture closed; 

This invention relates to a door assembly capable of being 35 FIG. 1 with the aperture open; 

door of the aperture assembly; 

door of the aperture assembly; 
40 

SUMMARY OF THE INVENTION 

The present invention satisfies the foregoing and other 
needs by providing a door assembly including a shear layer 

of an aircraft or other airborne vehicle fuselages. The door 
assembly includes an upper door, a lower door, an inner 
door, and an aperture assembly. The upper and lower doors 
are slidably mounted to external fuselage-mounted tracks 
concentric with the exterior surface of an aircraft or other 50 
vehicle fuselage. The upper door, used to close the upper Referring now to FIG. 1, there is illustrated a perspective 
portion of the aperture during operation, is fixed to the view of the door assembly 2 with aperture 36 in its “open” 
aperture assembly on one end and moves freely along position, as installed in an aircraft. In flight, the normal 
external fuselage-mounted tracks. The lower door, similar in airstream flow across aperture 36 is in the direction indicated 
operation to the upper door, is utilized to close the lower 55 by arrows 38 and 40. Without the benefit of the shear layer 
portion of the during operation. on a c o ~ e n t r i c  recovery surface 16 on the downstream edge 42 of the 
axis immediately below the upper and bwer doors there is exterior side of aperture 36, substantial turbulence would 
Provided an aperture assembly Positionedon tracks mounted result in and around aperture 36, thereby adversely affecting 

with the exterior surface of the vehicle fuselage. An inner 
door used to open close the aperture assembly is 60 Referring now to FIGS. 2 and 3, there is shown an exterior 
mounted on one end to on the interior surface of the view of the door assembly 2 as mounted to the fuselage 1. 
upper door and on mother end to grooves on the exterior The door assembly 2 includes an inner door 8, an upper door 
side of the aperture assembly. Racks on the interior surface 4, a hwer  door 6, and an aperture assembly 14. The imer 
of the inner door engage pinion gears on the exterior surface door 8 is Positioned between the Upper door 4 and 
of the aperture assembly; activation of the pinion gears 65 door 6, and is slidably mounted to rails 32 (FIG. 9) on the 
allowing the inner door to cover or uncover the aperture interior surface of upper door 4 on one end, and to an inner 
assembly. door track 22 on the side of aperture assembly 14 on the 

control aperture mounted over a large a p e m e  in the exterior 45 FIG. is a perspective view Of interior Of the door 
and 

FIG. 9 is an interior view of the upper door. 

DETAILED DESCRIPTION OF THE DRAWINGS 

internal to the the being the operation of optical and other scientific equipment. 



5,520,358 
3 4 

other end. As illustrated in FIG. 2, the inner door 8 is in its 
“down” position, concealing the aperture assembly 14 which 

(FIG. 2), the inner door 8 rolls behind upper door 4 such that 

completely concealed behind upper door 4 and is said to be 
in its “up” position, as depicted in FIG. 3. With the inner 
door in its “UP” Position, the aperture assembly 14 is 
revealed and is said to be “open.” 

nal tracks 11 and 15 (FIG. 7) to allow the upper door 4, the 
inner door 8, the lower door 6 and the aperture assembly 14 
to move in an upward and downward direction in unison. 
The lower door 6 slides on tracks 15 to close the opening in 15 
fuselage 1 as door assembly 2 moves in an upward and 
downward direction. The lower door 6 is connected with the 

Referring now to FIG. 5, there is illustrated an interior 
view of the aperture assembly 14. Aperture assembly 14 

On rack gears 21 (FIG. 7). As a drive 

drive pinion gears 20, the gears engage the fuselage- 
mounted rack gears 21 (FIG. 7) to drive the aperture 
assembly 14 or downward. Follower wheels 24 are 
provided at the bottom of the interior surface of the aperture 
assembly 14 to engage guides 25 to assist the aperture 

The entire door assembly 2 is slidably mounted to exter- lo assembly 14 as it travels along the fuselage-mounted rack 
gears 21 as the apeflue assembly 14 is driven Upwardly and 

Refemng now to FIG. 6, there is illustrated the drive 
52 which Operates to both ‘pen and ‘lose the 

aperture 36, and to drive the aperture assembly 14 on 
fuselage-mounted rack gears 21 (FIG. 7). The drive assem- 
bly 52 is mounted on the interior surface of the a p e ~ e  

end. similarly, upper door 4 is connected to aperture assem- 20 mission 26. Shaft 54 drives inner door pinion gears 18 (FIG. 
blY l4 On One end while moving in an aPward and 5) mounted on the exterior surface of the aperture assembly 
downward direction on tracks 11 on the other end for the 14. m e  inner door pinion gears 18, in turn, engage racks 34 
Same. purpose. The ability to move in unison allows the door (FIG. 8) on the interior surface of the inner door 8 for 
assembly 2 to have a range of motion for positioning the revealing or concealing the aperture 36 with the inner door 
aperture assembly 14. 25 8. Shaft 30 drives aperture assembly drive pinion gears 20, 

Referring to FIG. 7, there is shown a portion of the while the Pinion gears, in -9 engage fuselage-mounted 
fuselage 1 of an aircraft or other vehicle containing aperture rack gears 21 (FIG. 7) for driving the aperture assembly 14 
17. Tracks 11 are mounted to the fuselage 1 above aperture in an upward Or downward direction. 
17, while tracks 15 are mounted to the fuselage 1 below 3o Refemng now to FIG. 8, there is illustrated an interior 
aperture 17. Mounted to the fuselage 1 within the interior view Of the entire door assembly Of the present invention. 
compartment are rack gears 21 and guides 25. Rack gears 21 Mounted to the vehicle fuselage are tracks 11 and 15 shown 
engage aperture assembly drive pinion gears 20 (FIG. 5) to as integrated with the entire door assembly. Lower door 6 is 
provide a means for driving the aperture assembly 14 slidably mounted to tracks 15, while upper door 4 is slidably 
upward and downward within aperture 17. Guides 25 35 mounted to track 11. door 8 is depicted Partially open, 
engage follower wheels 24 (FIG. 5) of the aperture assembly revealing O d Y  a Portion of a p e m e  36. On the interior 
14 to provide a means for support for the aperture assembly surface of inner door 8 are rack gears 34 which engage 
14 as it travels upward and downward when driven by drive pinion gears 18 (FIG. 4) on the exterior surface of aperture 
assembly 52 (FIG. 6). assembly 14 for the purpose of moving the inner door 

and downward to Open Or ‘lose the aperture 36. The 

lies beneath. When moved in the direction of the m o w  9 mounts flush with the exterior surface Of aircraft fuselage 1 

when lip 7 abuts the edge of upper door 4, inner door 8 is 5 motor 28 drives shaft 30 so as to rotate aperture 

by the drive 52 (FIG. 6). 

aperture l4 On One end, and moves freely in an 
UpWard and downward direction on tracks 15 on the other 

assembly 14 (FIG. 5), and includes the drive motor 28 
driving parallel shafts 30 and 54 through a common trans- 

Referring now to FIG. 4, there is illustrated an exterior 40 
view of the aperture assembly 14. The aperture assembly 14 
defines an a p e m e  36, Inner door pinions 18 engage racks 
34 (FIG. 8) on the interior surface of the inner door 8. Inner 
door tracks 22 (only one shown in FIG. 4) are located on 
both the upstream and downstream sides of the a p e m e  45 rack gears 21, which in turn 

l4 is shown with pinion gears 2o 
rack gears 21 and with engaging 

24 engaging guides 25. Drive 
52 mG. 6, pinion gears 2o to against 

and downward 
assembly 14 and though which lip , (FIG. 2) of the inner movement of aperture assembly 14. With follower wheels 24 
door 8 travels when the inner door 8 is moved in an upward 
or downward direction. The upstream edge 46 of aperture 36 
is at nearly continuous ninety degree angles from any 
tangential point selected along the upstream edge 46 of the 50 Of the 

engaged by guides 253 smooth and suPPofl is provided 
the lower portion Of aperture l4 as it in an 
‘PWard and downward direction. Moreover, the Positioning 

rack gears 21 and guides 25 
exterior surface of the aperture assembly 14. Intersecting the that the l4 is flush with 

edge 46 is shear layer recovery surface 16. Shear the exterior surface of the vehicle fuselage. It is important 

into the vehicle cavity and is convexly shaped in relation to vehicle fuselage be flush in order for the shear layer control 
the airstream. The shear layer recovery surface 16 provides 55 surface Of 
a reattachment for the airstream detached at upstream edge Referring now to FIG. 9, there is illustrated an interior 
46 of aperture 36 and promotes smooth reattachment of the view of the upper door 4. Spaced across the interior surface 
airstream to the external surface of the vehicle. AS the are internal rails 32 engaging the inner door rails 12 (FIG. 
airstream passes in the direction depicted by mows 38 and 2) and guiding the inner door 8 as it travels beneath the upper 
40 (FIG. l), the airstream detaches from the aperture assem- 60 door 4. 
bly 14 at the upstream edge 46 of aperture 36 and then Although the preferred embodiment of the invention has 
travels over the aperture 36 toward the interior of the vehicle been illustrated in the accompanying drawings and 
cavity. Smooth shear layer flow over aperture 36 is provided described in the foregoing Detailed Description, it will be 
by the shear layer recovery surface 16 catching the airstream understood that the invention is not limited to the embodi- 
as it reattaches on the downstream edge 42 of aperture 36 65 ment disclosed, but is capable of numerous rearrangements 
and reattaching the airstream from the aperture 36 to the and modifications of steps without departing from the spirit 
downstream vehicle surface. of the invention. 

surface Of 

layer recovery surface 16 is a curved structure curving down that the exterior surfaces Of the l4 and the 

l4 to be effective. 
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We claim: 
1. A door assembly for a vehicle, comprising: 
an upper door slidably mounted to a vehicle to selectively 

close an aperture in the vehicle; 
a lower door slidably mounted to the vehicle to selectively 

close the aperture in conjunction with said upper door; 
an inner door slidably mounted for movement beneath the 

upper and lower doors; 

vehicle, the inner door further positioned so as to be 
concealed behind the upper door when positioned 
beneath the upper door; 

an aperture assembly slidably mounted to the vehicle to 
move beneath the inner door and positioned substan- 
tially flush with the exterior surface of the vehicle, the 
aperture assembly including an aperture, an interior 
surface and an exterior surface; and 

5 

an aperture assembly slidably mounted to the vehicle to 10 
move beneath the inner door and positioned substan- 
tially flush with the exterior surface of the vehicle, the 
aperture assembly including an aperture, an interior 
surface and an exterior surface; and 

for positioning the 
and downward direction in relation to the exterior 
surface of the vehicle. 

8. The door assembly of claim 7, wherein the vehicle is an 

assembly in an 

means for positioning the aperture assembly with refer- 15 aircraft. 
9. The door assembly of claim 7, wherein the exterior 

2. The door assembly of claim 1, including tracks surface of the aperture assembly defines a shear layer COntrOl 
mounted to the vehicle, and wherein the upper door has a surface. 
first end and a second end, the first end slaved to the aperture 10. A door assembly for an aperture of an aircraft, 
assembly, and the second end movably mounted to said 20 comprising: 

ence to the inner door. 

tracks. 
3. The door assembly of claim 2, wherein the upper door 

has an internal surface and an external surface, the internal 
surface including rails for guiding the inner door adjacent to 

4. The door assembly of claim 2, including tracks 
mounted to the vehicle, and wherein the lower door has a 
first end and a second end, the first end slaved to the aperture 
assembly, and the second end movably mounted to the 

5. The door assembly of claim 3, wherein the inner door 
includes inner door rails, the inner door movably mounted 
on the rails of the upper door. 

6.  The door assembly of claim 1, wherein the exterior 
surface of the aperture assembly defines a shear layer control 35 
surface. 

the upper door. 25 

tracks. 30 

7. A door assembly for a vehicle, comprising: 
an upper door slidably mounted to the exterior surface of 

the vehicle; 
a lower door slidably mounted to the exterior surface of 40 

the vehicle; 
an inner door having an exterior side and an interior side, 

the inner door slidably mounted beneath the upper and 
lower doors, and above the exterior surface of the 

an aperture assembly mounted to be positioned substan- 
tially flush with the exterior surface of the aircraft 
fuselage, the aperture assembly including an aperture 
opening, an interior surface and an exterior surface; 

means for positioning the aperture assembly in an upward 
and downward direction in relation to the aircraft 
fuselage; 

an upper door slidably mounted to the exterior surface of 
the aircraft fuselage; 

a lower door slidably mounted to the exterior surface of 
the aircraft fuselage; and 

an inner door having an exterior surface and an interior 
surface, the inner door slidably mounted to be posi- 
tioned beneath the upper and lower doors, and above 
the exterior surface of the aircraft fuselage, the inner 
door mounted to be concealed behind the upper door 
when positioned behind the upper door. 

11. The door assembly of claim 10, wherein the exterior 
surface side of the aperture assembly defines a shear layer 
control surface. 

* * * * *  


