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Al Bowers, Associate Director for Research, NASA Dryden 
Flight Research Center, via his FaceBook page

This is just WAY cool! If you integrate the spanload twice, 
you get the downwash! Just like Prandtl’s 1933 paper! So 
awesome!!! 

The wake is very dramatically different than wingletted or 
elliptical spanloads. Those have relatively constant downwash 
across the span (winglets have a step down in their wash, 
even though vertical). Prandtl’s 1933 spanload has a fully 3D 

downwash. Once I understood what Prandtl was doing, it made 
all the difference in the world to me. 

This is a fully 3D integrated spanload/wake, and it is the optimal 
aero solution for a given structure. For any amount of structure, 
this is the minimum drag. This is why I’ve gone down this path. 

See also:
RCSD January 2014, p.3, Editorial
RCSD February 2017, pp. 45-49, On the ’Wing...
RCSD March 2017, pp. 28-29 On the ’Wing...

PRANDTL P3c Downwash
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Excerpts from National Advisory Committee for Aeronautics 
Wartime Report ACR No. 4K02, Correlation of the Drag 
Characteristics of a P-51B Airplane Obtained from High-speed 
Wind-tunnel and Flight Tests, by James M. Nissen, Burnett 
L. Gadeberg, and William T. Hamilton, Ames Aeronautical 
Laboratory, Moffett Field, California. Published February 1945. 

Summary
In order to obtain a correlation of drag data from wind tunnel 
and flight tests at high Mach numbers, a P-51B airplane, with 
the propeller removed, was tested in flight as Mach numbers up 
to 0.755, and the results were compared with wind-tunnel tests 
of a 1/3-scale model of the airplane. 

The test results show that the drag characteristics of the P-51B 
airplane can be predicted with satisfactory accuracy from tests 
in the 16-foot wind tunnel of the Ames Aeronautical Laboratory 
at both high and low Mach numbers. It is considered that this 
result is not unique with this airplane. 

Flight Investigation
Tests
In order to determine the drag coefficient of the airplane 
(Figure 1) at high Mach numbers in a configuration that would 
lend itself to direct correlation with wind-tunnel tests, the 
airplane (without propeller) was towed to high altitude by a 
Northrop P-61A airplane, when the pilot of the P-51B airplane 
released the tow. The airplane was then dived to high Mach 
numbers and at the completion of the dive was landed on the 
surface of a dry lake. 

In order to obtain the high Mach numbers at a safe altitude, the 
airplane was approximately 28,000 feet pressure altitude for the 
third flight in which a mach number of 0.755 was obtained. 

During the dives the radiator-scoop flap was locked in the flush 
position at all times.

Three dives were made successfully higher Mach numbers, but 
on the fourth attempt a forced landing was necessitated soon 
after take-off due to an unexplained, premature release of the 
tow cable from the tow plane. The forced landing damaged the 
P-51B airplane beyond repair, and hence terminated this set of 
tests. 

Wind-tunnel Investigation
Description of Apparatus
The model tests were conducted in the Ames 16-foot high-
speed wind tunnel. This wind tunnel is of the single-return, 
closed-throat type and has a circular cross section throughout 
its length. ... With the model mounted in the wind tunnel, test 
Mach numbers as high as 0.825 were reached. The turbulence 
level in the 16-foot wind tunnel is very low, approaching closely 
that of wind tunnels designed especially to have low turbulence. 

The model as tested (Figure 17) represented to 1/3-scale the 
P-51B airplane, even to details such as radiator-scoop-flap 
setting, stabilizer angle, plugging of the carburetor scoop, 
service pitot-static head, radio mast, airspeed booms, 
temperature boom, and antenna. 

NACA 

P-51B Drag Studies, 1945
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Wind-Tunnel-Test Results 
The variation of drag coefficient with lift coefficient and Mach 
number is presented in figures 21, 22, and 23. The Reynolds 
number of the model tests, based on an average chord of 2.169 
feet, varied from 4,500,000 to 8,300,000. The measurements 
of the forces on the model are believed to be accurate to with 
one-half of 1 percent, hence the data are about as accurate as 
the corrections to the data allow. The tunnel-wall and model-
constriction corrections are necessarily of a theoretical nature, 
but are in general small, relative to the measured forces, 
amounting to less than 4 percent at 0.80 Mach number and low 
values of lift coefficient. 

Comparison of flight and wind-tunnel results
The data of figures 9, 10, 11, and 22 have been collected in 
figures 23 and 24 to provide a direct comparison between the 
flight and wind-tunnel results. The test points shown in figure 24 
are the drag coefficients determined from the flight tests, and 
the unbroken line is the drag coefficient from the wind-tunnel 
tests selected at the lift coefficient (including the pull-out) of the 
flight data at that particular Mach number. 

During the pull-outs, all of which occurred above the Mach 
number of drag divergence, the flight-test data show definitely 
higher drag coefficients which, presumably, would be due 
to the increased lift coefficient. The wind-tunnel-test data at 
comparable lift coefficients and Mach numbers, however, 
showed but negligibly higher values. 

Conclusions
2. During the pull-outs from dives, all of which occurred above 
the Mach numbers of drag divergence, the airplane drag 
coefficients were higher than was indicated by the wind-tunnel 
results for the corresponding lift coefficients. This result may 
be an effect of Reynolds number, an effect of the increased 
wing-surface waviness occasioned during the pull-outs, or a 
hysteresis effect which causes the separation due to the shock 
to persist during the pull-out.

Illustrations from ACR No. 4K02: 

Figure 1, 3-view of North American P-51B
Figure 17, 3-view of 1/3 scale model of P-51B
Figures 2 and 3, P-51B and tow-release detail
Figures 4 and 9
Figures 10 and 11
Figure 21
Figure 22
Figure 23
Figure 24

Additional photos from NACA historical archive:

NACA A-5862, 1:3 scale model in the Ames 16-foot wind-
tunnel.
NACA AAL-5863, 1:3 scale model in the Ames 16-foot wind-
tunnel.
NACA A-6373, P-51B aircraft showing towline connection.
NACA A-6374, P-61A airplane showing towline connection.
NACA A-6371, overview P-51B tow set-up with Northrop 
P-61A aircraft.
NACA A-6372, overview P-51B tow set-up with Northrop 
P-61A aircraft.

Our sincere thanks to Jeff Rankin-Lowe <siriusproductions@
sympatico.ca> for the NACA Report information and additional 
photos which he posted to the MilAirPics Yahoo! Group. 

_____

ACR No. 4K02 has been placed on the RCSD web site: 
<http://www.rcsoaringdigest.com/Supplements/ACR No 4K02.pdf>. 
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