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METHOD OF REDUCING DRAG IN
AERODYNAMIC SYSTEMS

ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the U.S. Government and may be manufac-
tured or used by or for the U.S. Government without
the payment of any royalties thereon or therefore.

FIELD OF THE INVENTION

The present invention is directed to a method of
reducing drag in aerodynamic systems by combining
laminar flow control with boundary layer thickening.

Increasing drag in modern aircraft systems has served
as a way of increasing overall performance by improv-
ing the efficiency and speed of the aircraft. It is well
documented that turbulent flow over aircraft surfaces
reduces the overall flight performance of an aircraft. It
is therefore desirable to produce laminar flow over
aircraft surfaces, and to do so in a manner that accounts
for all of the power in the system:

It is therefore an object of the present invention to
apply an aerodynamic accounting paradigm that ac-
counts for all of the energy in the aerodynamic system
and gives the true propulsion efficiency.

It is a further object of this invention to reduce drag
by combining laminar flow control with boundary layer
thickening.

DESCRIPTION OF THE RELATED ART

Stalker U.S. Pat. No. 1,691,942 is directed to an air-
craft with a ram turbine that drives a blower having its
intake connected to holes in the wing surface. Stalker
U.S. Pat. No. 1,829,616 is similar. This invention is also
directed to a blower driven by a ram air turbine.

In Wood U.S. Pat. No. 1,973,835 boundary layer air is
sucked in through fuselage openings by means of the
ventura effect produced in a nozzle.

In Stalker U.S. Pat. No. 2,498,140 the blades of a
propeller can be deployed outwardly to a position in
which the propeller serves as a power source for the
boundary induction system.

Griffith U.S. Pat. No. 2,408,632 describes a system in
which a suction pump pulls boundary layer air through
an intake valve connected to the surface of the aircraft
and discharges the air rearwardly through a delivery
conduit.

Valyi U.S. Pat. No. 3,261,576 shows an aircraft car-
ried ventura system positioned in the slipstream to suck
boundary layer air from the wing surface.

Karanik U.S. Pat. No. 4,477,040 discloses a turbine to
provide shaft power to drive an electrical generator.

SUMMARY OF THE INVENTION

This invention is directed to a drag reduction method
and apparatus that combines laminar flow control with
boundary layer thickening to reduce drag.

A conventional thruster moves an aircraft through
the air, causing airflow over the surface of the aircraft.
This process transfers power from the conventional
thruster to the boundary layer air in the form of kinetic
energy. A portion of this air along with its energy is
brought on board the aircraft (for laminar flow control,
for example). The conventional thruster also transfers
power to the air entering ram air turbines mounted on
the surface of the aircraft. A portion of this power is
converted to mechanical power and transferred
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through a shaft to boundary layer compressors which
create suction to pull in lower boundary layer air
through small inlets in the shell of the aircraft. This air
is then sucked into the compressor and compressed. In
the process, energy is added to the kinetic energy the air
already has. The air is then expanded in a nozzle,
thereby producing thrust. The air is released over the
surface of the aircraft creating boundary layer thicken-
ing and reducing drag.

The process used was the result of an inventive para-
digm that was developed, using several design assump-
tions. Among these were steady level flight causing skin
friction drag, very little drag due to lift, and all the air
affected by the surface brought on-board. There is zero
duct pressure loss, 100% compressor efficiency and
lastly, a boundary layer exit velocity which equals the
flight velocity. Working with the stated conditions the
propulsion efficiency would equal the following:

Power applied to the aircraft
Rate of Production

of propellant Kinetic Energy

Thrust X Flight Velocity
Rate at which Kinetic Energy

is added by the compressor
XVo
mVg?

Propulsion efficiency

mVp
-4
= 2

In steady level flight, the thrust power, equal to
Vg2, is transferred to the air flowing over the plate.
All the air that is affected by the surface, along with the
power it contains, is brought on board and routed to the
boundary layer thruster. The air has available kinetic
power equal to §mV?Z, by virtue of the fact that it is
moving at flight velocity.

This power added to the power supplied by the com-
pressor equals the output thrust power. The other half
of the power in the boundary layer air, § mV 2 is in the
form of unavailable thermal energy. The present analy-
sis utilizes the available kinetic power in the boundary
layer air. It has been widely held in the field that accel-
erating the boundary layer exhaust in an aircraft relative
to the aircraft produces thrust.

However, traditional power accounting systems have
not taken into account the power that is in the boundary
layer air. When this power is added to the system, twice
the efficiency results.

BRIEF DESCRIPTION OF THE DRAWINGS

The object’s advantages, and novel features of the
invention will become more fully apparent from the
following detailed description when read in conjunc-
tion with the accompanying drawings wherein;

FIG. 1 is a graph displaying non-dimensional thrust
versus the ratio of boundary layer exhaust velocity to
flight velocity for various values of the ratio of ram air
turbine exhaust velocity to flight velocity for an as-
sumed value of efficiency of 0.75.

FIG. 2 is a graph displaying the ratio of ram air tur-
bine mass flow rate to boundary layer mass flow rate
versus the ratio of boundary layer exhaust velocity to
flight velocity for various values of the ratio of ram air
turbine exhaust velocity in flight velocity for an as-
sumed value of efficiency of 0.75.
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FIG. 2 also displays non-dimensional power versus
the ratio of boundary layer exhaust velocity to flight
velocity for an assumed value of efficiency of 0.75.

FIG. 3 displays a schematic view of an aircraft uti-
lized in the present invention. 5

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the preferred embodiment a flat aerodynamic body
is moving through the air at velocity V,, creating an
airflow of V,over the body. A portion of the boundary
layer air is sucked off the surface of the boundary layer
compressor, which produces a constant mass flow rate
of m; at the compressor. A negligible pressure drop is
produced as air flows through holes or slots in the plate
and through the duct. The air is then compressed and
accelerated to velocity Vi by a nozzle, producing
thrust. Power P used to drive the compressor is ob-
tained from the ram air turbine by means of a shaft.
Since the flat aerodynamic body is moving at a velocity
V, the air mass flow rate of m enters the ram air turbine
at velocity V,and exists at velocity V3, producing drag.

It is apparent that:

20

25
Net Drag = Drag on the surface ~

Thrust obtained from accelerating the boundary layer air +
Drag produced by the ram air turbine 30

As aresult of the drag on the surface being constant, the
lowest net drag is obtained when A T is high

AT = 35

Thrust obtained from accelerating the boundary layer air —

Drag produced by the ram turbine

subject to the condition that:

Power produced by the ram air turbine=Power
supplied to the boundary layer air compressor.

45
The mathematical formulation is AT = m) ¥} — nia (Vo — V3)

Subject to P = m; [{ #in (Vo? — ¥22)] = = [} rin V7]
{4

where
7:=turbine efficiency of the ram turbine
me=compressor efficiency of the boundary layer air
compressor.
Solving the constraint equation of mj and substituting
into the performance function yields;

50

55

12 —
= —— ] Where =
") V02 — sz 1 N=M%
AT _ M 1 _wn? 60
mbVy — W n 1+ W

The ratio of the flow rates is given by;

65
V1/Vo)?

1 — (Vo/Vo?

4

From the constraint equation, the power transferred
from the ram air turbine to the boundary layer compres-
sor can be written as

(V1/Vo)?
-

P -
ey Po?

Therefore, nondimensional thrust equals;

AT _ M L own?
my Vp (2} 11+ V/Vo
The ratio of mass flow rates equals;
m 1 (WP
N — (W VoR
and nondimensional power equals;
P
0 iy Vo? ]

The previous equations are used to produce FIGS. 1
and 2 for an assumed value of 7=0.75. These figures
can then be used as a basis for the selection of the design
point.

The maximum value of thrust obtained in the aerody-
namic structure defined above would occur when
V2=V,. In this case, however, an infinite mass flow
rate would be required to produce any power, requiring
that the ram air turbine inlet and exit areas be infinitely
large. The minimum value of the required air flow
through the ram air turbine is obtained when V,=0.
But here again, the ram air turbine nozzle exit area
would have to be infinitely large to handle the zero
velocity air. Using the continuity equation, it can be
shown that the minimum ram air turbine nozzle exit
area occurs at a value of Vo/V,=V3/3=0.577. Both
mass flow through the ram air turbine and its required
power increase with V. Thus a low value of this veloc-
ity is desirable to keep the ram air turbine small, but the
thrust benefit gets smaller as V; is reduced. Based on
these considerations a design value of V1/V,=} and
V32/V,=#is selected.

At the design point;

m
AT _ 78— _ a4, and—E— = 167
m Vo hy e iy Vo

In addition, for a flight speed of M=0.8 and an altitude
of 30,000 ft. velocity V=796 ft/sec and p,=8.9X 10—4
slugs/ft3. If these values of V,and p,are combined with
an area over which air is collected of 100 ft2, a suction
flow coefficient (th1/p,A Vo) equal to 6X10—4, and a
ram air turbine efficiency #,=0.9; the following ram
turbine inlet area, exit area, power transmitted to the
compressor, boundary layer air nozzle exit area, results;

ram air turbine inlet area=23.4 in2

ram air turbine exit area=6.8 in2

power transmitted to the compressor=6.5 Hp

boundary layer air nozzle exit area=17.3 in2

The thrust benefit (AT/m;V,) using the present
method equals 0.278.
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In other words the drag on the surface is partially
offset by a thrust equal to about 28% of the ram drag of
the boundary layer air brought on board.

FIG. 1 displays a line of maximum thrust 10 for the
range of possible values of V2/V,. The selected design
point 12 is indicated on the figure.

In FIG. 2 the design point is indicated on the mass
flow rate ratio curves 14 and on the non-dimensional
power curve 16.

While the preferred embodiment of the invention is
disclosed and described, it will be apparent that various
modifications may be made without departing from the
spirit of the invention or the scope of the subjoined
claims. .

What is claimed:

1. A method of overcoming drag on an aircraft hav-

15

ing at least one thruster, a plurality of ram air turbines, -

a plurality of boundary layer compressors and compres-
sor nozzles, by combining laminar flow contro! with
boundary layer thickening the steps comprising:

a) Transferring kinetic power from said one thruster
mounted on said aircraft to said ram air turbines by
using said thruster to accelerate said aircraft
whereby ram airflow including a boundary layer is
created over said aircraft at a ram turbine mass
flow rate and at ram air velocity thereby transfer-
ring power from said one thruster through the ram
airflow to said ram air turbines when said ram air
flow enters the ram air turbines;

b) Directing exhaust from said ram air turbines over
a surface of said aircraft at a ram turbine exhaust
velocity whereby boundary layer thickening oc-
curs thereby reducing skin friction drag;

¢) Transferring ram turbine power from said ram air
turbines to at least one of the boundary layer com-
pressors by using a torque transmitting means;

d) Using at least one of said compressors to suck in
lower boundary layer air having said kinetic power
at a boundary layer mass flow rate whereby lami-
nar flow is created thereby reducing surface drag;

e) Adding additional power by compressing said
lower boundary layer air to said at least one bound-
ary layer compressor whereby compressed air is
created; )

f) Expanding said compressed air in at least one of
said compressor nozzles thereby creating nozzle
thrust to overcome drag due to said ram air tur-
bines and offset said surface drag, and

g) Directing exhaust from said at least one compres-
sor nozzle at a nozzle exhaust velocity over the
surface of said aircraft whereby boundary layer
thickening occurs thereby reducing drag.

2. A method as claimed in claim 1 wherein a ratio of
said nozzle exhaust velocity to said ram air velocity is 1
to 2.

3. A method as claimed in claim 1 wherein a ratio of
said ram turbine exhaust velocity to said ram air veloc-
ity is 1to 2.

4. A method as claimed in claim 1 wherein a ratio of
said ram turbine mass flow rate to said boundary layer
mass flow rate is 0.444.

5. A method as claimed in claim 1 wherein a ratio of
the addition of said nozzle thrust and drag from said
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6. A method as claimed in claim 1 wherein a ratio of

said ram turbine power to a product of a ram air turbine

efficiency of 0.9 and the boundary layer mass flow rate

and the ram air velocity squared is 0.167.

7. A method of combining laminar flow control with

boundary layer thickening comprising the steps of;

a) Accelerating an aircraft using at least one thruster
thereby creating airflow including a lower bound-
ary layer and having kinetic power at ram air ve-
locities over said aircraft;

b) Creating ram air turbine power by transmitting
said kinetic air power to a plurality of ram air tur-
bines mounted on said aircraft when said airflow
enters said ram air turbines at said ram air veloci-
ties; .

c) Converting part of the ram air turbine power to
mechanical power by means of at least one shaft
connected at one end to said ram air turbine and at
the opposite end to a boundary layer compressor
thereby driving said boundary layer compressor;

d) Using said boundary layer compressor to suck in
said lower boundary layer air of said airflow
through inlets in a plurality of surfaces of said air-
craft;

e) Adding additional kinetic power by compressing
said lower boundary layer air sucked into said
boundary layer compressor thereby creating com-
pressed air;

f) Creating thrust by expanding said compressed air in
a nozzle thereby overcoming drag due to said ram
air turbines and offsetting surface drag; and

g) Using boundary layer compressor discharge to
create boundary layer thickening by allowing said
boundary layer compressor to discharge over the
surface of said aircraft.

8. An aircraft drag reduction propulsion apparatus

comprising;

a plurality of main engines for accelerating the air-
craft thereby creating airflow having lower bound-
ary layer air over the surface of said aircraft
whereby power is transferred from the thrusters to
said airflow,

a plurality of ram air turbines including a ram air
entrance area and a ram air exit area for receiving
said airflow thereby transferring power from the
airflow to said ram air turbines;

a torque transferring means for converting the power
in said ram air turbines to mechanical power;

- a boundary layer compressor driven by the mechani-
cal power converted by said torque transferring
means and used for sucking lower boundary layer
air from said airflow thereby creating laminar flow
on the surface of said aircraft; and

a nozzle for receiving and expanding the air from said
boundary layer compressor thereby accelerating
the boundary layer air relative to said aircraft and
producing thrust power.

9. An apparatus as claimed in claim 8 wherein said

ram air entrance area has a dimension of about 3.4 inZ,

10. An apparatus as claimed in claim 8 wherein said

ram air exit area has a dimension of about 6.8 in2.

11. An apparatus as claimed in claim 8 wherein said

mechanical power is 6.5 Hp.

12. An apparatus as claimed in claim 8 wherein said

ram air turbine to the product of said boundary layer 65 nozzie has a dimensional area of about 17.3 in2.

mass flow rate and said ram air velocity is 0.278.
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