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This paper was written with
the express purpose of display-
ing to the members of the Exper-
imental Aircraft Association the
great value of the work they are
doing. The experimental air-
craft, because of their great va-
riety of concepts, contain a vast
store of basic aerodynamic in-
formation. By making measure-
ments such as these on Witt-
man's Tailwind and other air-
planes, designers will be enabled
to project their new designs
from known performance. Al-
so having recorded the aerody-
namic performance parameters
of a plane one can evaluate the
benefits of modifications which
such measurements point out.

Performance Measurements -
Brake Horsepower
Required Curve

For small airplanes one uses
the engine curves provided by
the engine manufacturer in or-
der to obtain the brake horse-

power required at various air-
speeds. For precise work both
the tachometer and manifold
pressure gauge should be cali-
brated.

In order to calibrate the air-
speed one flies up and down
wind over a fixed known course
using section lines if possible.

The power required should be
measured at as near standard
sea level conditions as possible
and in smooth air. This means
flying early in the morning at
near sea level or at night after
the atmosphere has stabilized.
The power required runs can
be made over the course up and
down at a number of airspeeds.
In order to obtain the correct
calibrated airspeed one must
take the time on each leg and
from the time compute the speed
upwind and speed downwind.
An average of these two speeds
is the calibrated airspeed. A
plot of the airspeed calibration
for Tailwind (N5747N) is shown
in Figure 1. Since cabin pres-

sure was used for static pressure
on the airspeed there is an error
of 15 mph at 170 mph indicated;
the calibrated airspeed being
155 mph at the indicated air-
speed.

Thrust Horsepower
Required Curve

While a lot of information can
be gleaned from a brake horse-
power curve, it is not sufficient
to allow a separation of the
aerodynamics and propulsion
of the airplane. However, if a
measurement of thrust horse-
power is made by means of
glides at various airspeeds one
can determine the true airplane
drag curve and the propulsive
efficiency of the airplane.

The technique for doing glide
measurements consists of re-
moving the propeller, installing
a glider release on the prop shaft
and towing the airplane with a
suitable towplane to at least
10,000 feet ASL. The sinking
speed at various airspeeds is
measured accurately by taking
time readings at altitude inter-
vals of 100 or 200 feet. The air-
speed must be held accurately
and the air should be stable.
From air temperature taken on
the climb one can reduce the
sinking speed to sea level con-
ditions. From the sinking speed
and gross weight one computes
the thrust horsepower which is
being lost at each airspeed. This
is also the thrust horsepower re-
quired to fly level at that speed.

In Figure 2 are shown the re-
sults of measurements made on
Tailwind. Note that at 140 mph
calibrated indicated airspeed the
little plane requires only 60
brake horsepower. This power
requires 5 gallons of fuel per
hour which comes out to be 28
miles per gallon.

If the ratio of thrust horse-
power obtained in glide to brake
horsepower is computed for each
airspeed there results a curve
of overall propulsive efficiency.
For Tailwind at 100 mph this
efficiency reaches a peak value
of 85% which is indeed excel-
lent when compared to other
airplanes (Reference 1). How-
ever, the curve drops off rather
rapidly to 70% at 142 mph. It
would be an excellent experi-
ment for one of the Tailwind
builders to try to move the peak
propulsive efficiency to a higher
speed. This may entail a loss
in take off acceleration unless a
variable pitch propeller is used.

Cooling Power
If the glide measurements are

made with the cowl sealed so
that no cooling air flows through
the engine cowl and with the
cowl open as in normal flight,
one can obtain the power re-
quired to move the cooling air
through the cowling as well as
the drag of the cooling air as
it leaves the cowl opening. The
effects of heat from the engine
are not included in such a mea-
surement. However, the results
are useful for analyzing various
cooling arrangements when test-
ed by this method. In Figure 3
is shown the cooling power re-
quired for the Tailwind. At
cruising speeds above 120 mph
the cooling power amounts to
exactly 10% of engine power.
Some reduction of this power
might be made with an efficient
augmentor.
Drag Polars

From the power curves and
the wing loading the drag co-
efficient can be computed. When
this is plotted with lift coeffi-
cient squared vertically and drag
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coefficient along the horizontal
the resulting curve is called the
linearized drag polar. If the
airflow around the airplane is
having normally the drag polar
is straight line having a slope
proportional to the effective as-
pect ratio of the airplane. Where
the drag polar starts bending the
airflow is separating from the
surface resulting in high pres-
sure drag and low lift. A series
of drag polars for the various
flight modes of Tailwind are

shown in Figure 4. The power-
on polar clearly shows the bend-
ing of the polar above a lift co-
efficient equal to one.

Since the slope of the linear
portion of the drag polar yields
the effective aspect ratio, it is
easy to obtain the span efficiency
factor which is the ratio of ef-
fective aspect ratio to the geo-
metric. The span efficiency fac-
tor is indicative of the induced
drag of the airplane compared
to that of a minimum induced

drag wing. In general tne span
efficiency factor should be
around 90% for a high wing
airplane with a good intersection
between wing and fuselage.
The fact that Tailwind has a span
efficiency in the clean configura-
tion of 75% is indicative of a re-
gion of separated flow.

At high speeds (low lift co-
efficients) the linear portion
shows a bending which indicates
separation occurring on the bot-
tom of the airplane or on the
bottom of wing as the angle of
attack decreases.

Sinking Speed
In Figure 5 are shown the

curves of sinking speed versus
calibrated airspeed of Tailwind
for the cowl sealed and cowl
open arrangements. The mini-
mum sinking speed occurs at
80 mph. This is also the point
where minimum power would
be required for level flight.
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Flow Visualization
In order to locate areas of flow

separation the airplane was tuft-
ed with nylon yarn and photo-
graphed at various airspeeds
from another chase plane. A
telephoto lens was used on the
camera so that the airplanes
were not required to fly at close
spacing. Figure 6 shows a tuft
photo taken at 60 mph indicat-
ed. (The speed is shown on the
card inside the cabin.) The flow
around the sharp corner of the
windshield is clearly seen to be
vorticular. It is this separated
vortex which flows over the cen-
ter section resulting in high in-
duced drag and low lift.

Figure 7 shows a rear over-
head view of the tufts at 60 mph.
Note that the tufts along the
wing joint indicate cross-flow
and appear to be in a weak flow.
The flow over the rear of the
left corner of the fuselage is dis-
turbed by the same cause, viz.
the sharp corner on the wind-
shield.

At high speeds (140 mph) the
flow over the sharp windshield
corner appears to bend around
to the side resulting in a vortex
intersection (Figure 8). This
may be the cause of the drag
rise at higher speeds.

In addition to tufts there is
available also the sublimation

technique for examining the
flow in the boundary layer. If
a dry coat of naphthalene dis-
solved in white gasoline is spray-
ed on a wing and then flown for
a few minutes one finds after
landing a picture such as shown
in Figure 9. The white coat of
naphthalene will remain where

the flow has low shear and will
sublime completely where the
shear is high. In a turbulent
boundary layer the shear is high
and in a laminar boundary lay-
er low. Therefore on the outer
portions of the wing one can
see how much laminar flow ex-
ists at the cruising speed at

which the run was made 150
mph. The wedges of turbulent
flow where the coating is com-
pletely gone are wedges of tur-
bulent flow caused by a little
speck of dirt or a small abrasion
in the skin. The large wedge
behind the pilot clearly shows
the drag coat of protruberences
sticking out of the leading edge.

On the cutout portion of the
wing the flow in the boundary
layer is more complicated. First
there is a white streak along
the cutout. This is a laminar
bubble. Then there is a black
region (turbulent flow) and then
again a white region of extensive
proportions. This is a region
of separation of the turbulent
boundary layer. Such a region
results in very high drag.

A photo (Figure 10) of subli-
mation on the lower surface
shows that there is a large extent
of laminar flow on the bottojn
surface. On the strut fairing
there is evident a region of sepa-
rated flow.

From the greatest extent of
laminar flow as shown by the
sublimation it is possible to com-
pute the minimum profile drag
of the airfoil. This was done for
the Tailwind. The profile drag
coefficient came out to be 0.0063
which is nearly as low as was ob-
tained in low turbulence tunnel
measurements of this airfoil
It is evident, however, from the
sublimation picture that not all
of the wing possesses this low
drag. Smoothing (2) the leading
edge should yield a considerable
gain in wing drag reduction.
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Conclusions
These measurements in them-

selves may not appear too mean-
ingful until more airplanes of
this type are measured and pub-
lished (3, 4). However, one can
compare this airplane with a
few existing side-by-side two
seaters in Table I.

TABLE I
•! Minimum Drag coefficient

Airplane gliding Prop-off, Cowl open
Tailwind 0.025
AG-14 Pusher 0.040
Cessna 120 0.035

Since the minimum drag co-
efficient is based on wing area
the comparison tends to favor
the airplanes with larger wing
areas. However, in the end the
quality of the design of an air-
plane is really a complex rela-
tion between its many parame-
ters. Therefore it is important
that in order to further the pro-
gress of light plane design that
each airplane be analyzed just
as has been the Tailwind herein.
From the individual parameters
one may then synthesize a new
design projecting that parameter
which shows possible improve-
ment.

It has been the author's pleas-
ant lot to have the wholeheart-
ed cooperation of Steve Wittman
who provided the airplane and
his excellent piloting skill for
these measurements. The au-
thor also gratefully acknow-
ledges the inspiration for this pa-
per which his reception by the
EAA has engendered.
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