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Fritz with his BIG (4m) flying wing.  Majestic flight, but difficult to control. Source:  
http://www.ofremmi.info/F3F/CoolPictures/cool_glider_pictures.htm 
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THE WING IS 
THE THING 

 (T.W.I.T.T.) 
 

T.W.I.T.T. is a non-profit organization whose membership seeks 
to promote the research and development of flying wings and 
other tailless aircraft by providing a forum for the exchange of 
ideas and experiences on an international basis.   
 

T.W.I.T.T. Officers: 
 
President:  Andy Kecskes     (619) 980-9831 
Treasurer:         
      Editor:  Andy Kecskes 
 Archivist:  Gavin Slater 
 

The T.W.I.T.T. office is located at: 
 Hanger   A-4, Gillespie Field, El Cajon, California. 
Mailing address: P.O. Box 20430 
   El Cajon, CA 92021 
 
(619) 589-1898   (Evenings – Pacific Time) 
            E-Mail:   twitt@pobox.com 
          Internet:   http://www.twitt.org 
          Members only section:  ID – 20issues10 
         Password – twittmbr 
 
Subscription Rates:  $20 per year (US) 
        $30 per year (Foreign) 
    $23 per year US electronic 
    $33 per year foreign electronic 
 
Information Packages:  $3.00 ($4 foreign) 
     (includes one newsletter) 
 
Single Issues of Newsletter: $1.50 each (US) PP 
Multiple Back Issues of the newsletter: 
 $1.00 ea + bulk postage 
 
Foreign mailings: $0.75 each plus postage 
Wt/#Issues FRG  AUSTRALIA AFRICA 
 1oz/1   1.75     1.75   1.00 
12oz/12   11.00 12.00   8.00 
24oz/24   20.00 22.00  15.00 
36oz/36 30.00 32.00 22.00 
48oz/48 40.00 42.00 30.00 
60oz/60 50.00 53.00 37.00 
 

PERMISSION IS GRANTED to reproduce this 
publication or any portion thereof, provided credit is 
given to the author, publisher & TWITT.  If an author 
disapproves of reproduction, so state in your article. 
 

Meetings are held on the third Saturday of every 
other month (beginning with January), at 1:30 PM, 
at Hanger A-4, Gillespie Field, El Cajon, California 
(first row of hangers on the south end of Joe 
Crosson Drive (#1720), east side of Gillespie or 
Skid Row for those flying in). 
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PRESIDENT'S CORNER 

 
 

can’t believe another month has gone by and it 
time for another issue.   This month I decided I 

needed to get busy and start publishing material out of 
our archives.  We have collected a wide variety of 
things so I hope as the months go by you will find 
something interesting or just add to your knowledge 
base. 
  
So as not to lose what is happening in the present, I 
will continue to include pertinent topics from the 
Mitchell U-2 and Nurflugel groups.  The message 
traffic for these groups picked up lately but the topics 
have not been that interesting. 
 
For those of you who are true flyers, I hope you have 
been in areas where the weather has been good.  I 
live in southern California and the weather has 
generally been clear and warm, but the soaring 
conditions have been lousy for several months so I am 
itching to get back in the air with the glider. 
 
Don’t forget that I can always use your letters and 
articles so send in anything you would like to share 
with the group.  I know some of you are doing things, 
especially in the modeling area, so let us know how it 
is going.  You can see from the first piece under the 
letters section, there are folks out there working on 
great projects.  Be sure to watch the videos since the 
one where the test model really goes through the 
paces like any other type of airplane.  Hopefully they 
will stay funded so the true prototype can be flown. 
 

 

I 
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LETTERS TO THE 

EDITOR 

     
(ed. – The following was sent to me by Dean Sigler, 
one of my contacts from ESA.   He thought this would 
be of interest to TWITT members with the comment 
that they may want to consider changing their name 
due to the current world situation.) 
 

his is the link to the home page for the Isis Flying 
Wing that is under development in the UK.  There 

are a couple of videos on the RC model that shows it 
flies extremely well at the hands of an experienced 
pilot.  This sort of looks like a single seat version of the 
PUL 10 that got a lot of interest a number of years 
ago. 
 

http://isisflyingwing.com/index.htm 
 
Here are a few shots from the website to get you 
started. 
 

 
 
 

 
 

 
 
 
(ed. – A long time ago I told myself I would start 
putting items from the TWITT archives into the 
newsletters so everyone could share in what we have 
collected over the years.  Now that I am retired there 
doesn’t appear to be any reason why I can’t spend 
more time going through the archives and picking out 
those items with the most interest and publishing 
those that are not copyrighted or I can’t get 
permission.  This is one I found that I thought would 
be a good start since the text was brief but I had a lot 
of illustrations and tables.  I will include as much of 
them in next month’s issue.) 
 
 

NATIONAL ADVISORY COMMITTEE FOR 
AERONAUTICS TECHNICAL PAPER NO. 388 

A COMPARISON OF THE AERODYNAMIC 
CHARACTERISTICS OF THREE NORMAL AND 

THREE REFLEXED AIRFOILS IN THE VARIABLE 
DENSITY WIND TUNNEL 

 
By George L. Defoe 

 
Summary 
 
An investigation was made of the aerodynamic effects 
of reflexing the trailing edge of three commonly used 
airfoils.  Six airfoils were used in the investigation: 
three having the normal profiles of the Navy 60, the 
Boeing 106, and the Gottingen 398, and three having 
these profiles modified to obtain a reflexed trailing 
edge with the mean camber line changed to give Cmc/4 
= 0 
  
The tests were conducted at a value of the Reynolds 
Number of approximately 3,100,000 in the variable 
density wind tunnel of the National Advisory 
Committee for Aeronautics.  Measurements of lift, 
drag, and pitching moment were made on each of the 
six airfoils.  The expected reduction of the center of 
pressure travel was obtained. The maximum lift was 
reduced approximately 12 per cent and the minimum 
profile drag approximately 4 per cent. 

T 
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Introduction 
 
In the past few years several airplanes of the 
observation and bombing types intended for high-
speed diving have been developed and tested in flight. 
If a normal form of airfoil section is used, the 
aerodynamic forces on the wing during a dive cause 
large pitching moments producing high stresses in the 
airplane structure. 
 
The Navy Department therefore requested the 
National Advisory Committee for Aeronautics to 
conduct an investigation on three commonly used 
airfoil sections in their normal forms and then with the 
forms modified toward the trailing edge to produce 
airfoils having small pitching moments. 
 
Previous work by the British Advisory Committee for 
Aeronautics in an atmospheric wind tunnel (references 
1 and 2) between 1912 and 1914 has shown that, if 
the correct amount of reverse curvature be placed 
near the trailing edge of an airfoil, the center of 
pressure may be considered stationary within practical 
limits. The reduced center of pressure travel was 
obtained by sacrificing about 18 per cent of the 
maximum lift. 
 
Twenty-seven airfoils having a small center of 
pressure travel were tested during 1924 by the 
National Advisory Committee for Aeronautics 
(reference 3) in tie variable density wind tunnel. The 
most favorable sections were found to be those of the 
M6 type. A small center of pressure travel was found 
to be generally accompanied by a reduced maximum 
lift coefficient. 
 
The present investigation is intended to show, by 
direct comparison, the effects of reflexing the trailing 
edge of a normal airfoil section on the aerodynamic 
characteristics: lift, drag, and pitching moment. These 
characteristics have also been compared with the 
unpublished results of a recent test of the M6 airfoil. 
All tests were made at a large value of the Reynolds 
Number in the variable density wind tunnel of the 
National Advisory Committee for Aeronautics, Langley 
Field, Va. 
 
Apparatus and Methods 
 
The normal airfoils used in this investigation were the 
Navy 60, the Boeing 106, and the Gottingen 398, 
hereinafter abbreviated the N60, the B106, and the 
Gott. 398. To obtain the reflexed airfoils, designated 
N60R, B106R, and Gott. 398R, the normal airfoils 

were modified by substituting a new mean camber line 
from the 30 per cent point to the trailing edge. The 
following form of the equation of the mean camber line 
was chosen because, according to thin airfoil theory, 
this equation gives an airfoil having a pitching moment 
of zero about the quarter-chord point: 
 
Y = hx (1 - x) (I – 8/7 x), where c = 1,  (reference 4). 
 
The x-axis was taken parallel to the chord line of the 
original section and the origin was taken at the leading 
edge of the original airfoil. The value of the factor h 
was so determined that the ordinate of the new mean 
camber line at the 30 per cent point was equal to the 
ordinate of the old mean camber line at the same 
point. The nose ordinates of the profile from x = 0 to x 
= 0.3 remained unaltered, and both upper and lower 
surface ordinates were shifted by the amount of the 
difference between the old and new camber line.  The 
profiles of both the normal and reflexed airfoils are 
shown in Figure 1, and the ordinates of each airfoil are 
given in Table I. An airfoil of duralumin was made from 
each group of ordinates in this table. 
 
The standard method of airfoil test was used; 
measurements were taken of the lift, drag, and 
pitching moment at a large value of the Reynolds 
Number, approximately 3,100,000. The accuracy of 
these results is of the same order as those discussed 
in reference 5. 
 
Results 
 
The results of these tests are given in Tables II to VII 
and are plotted in Figures 2 to 7. The coefficients of 
the corresponding normal and reflexed airfoils, (the 
N60 and N60R, the B106 and B106R, the Gott. 398 
and. Gott. 398R), plotted against angle of attack, are 
shown in Figures 2 to 4. The profile drag and the 
moment coefficients plotted against lift coefficient are 
shown in Figures 5 to 7. 
 
Discussion 
 
The pitching moment coefficients for the reflexed 
airfoil are practically zero in the range of angle of 
attach from that of zero lift to +6 degrees for the 
N60R, from that of zero lift to +4 degrees for the Gott. 
398R, and from that of zero lift to +12 degrees for the 
B106R. 
 
The lift curves for the corresponding normal and 
reflexed airfoils have the same slope. The angle of 
zero lift for the reflexed airfoil occurs at a higher angle 
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of attack. The maximum lift is approximately 12 per 
cent lower than that of the normal airfoil although it is 
obtained at approximately the same angle of attack. 
The useful range of the angle of attack thus differs by 
the amount of the change of angle of zero lift for the 
two airfoils. 
 
The minimum profile drag of the reflexed airfoils (figs. 
2, 3, and 4) is 4 per cent lower than that of the normal 
airfoil and occurs at a slightly higher angle of attack. 
However, if the profile drag coefficients are compared 
at equal values of the lift coefficient (figs. 5, 6, and 7), 
the normal airfoil will be seen to have the lower profile 
drag except at small values of the lift coefficient. 
 
A comparison of the characteristics of these airfoils 
with those of the N.A.C.A. M6 is given in the following 
table. 
 

 
 
The characteristics of the M6 given in the foregoing 
table were obtained from a test of this airfoil under 
practically the same conditions as the tests of the 
normal and reflexed airfoils. The results of this M6 test 
are unpublished at the present time, but will be 
published in the near future together with the results of 
several other well-known airfoils. 
 
A reference to the table of characteristics to compare 
the N60R and M6 shows that these two airfoils have 
practically the same characteristics even though the 
N60R is one-half percent thicker than the M6. A 
comparison of the characteristics of the B106R and of 
the Gott. 398R with the N60R and the M6 shows the 
minimum profile drag coefficients of the B106R and 
the Gott. 398R to be larger than those of the N60R 
and the M6, possibly due to the greater thickness. The 
maximum lifts for the B106R and Gott. 398R are lower 
than those of the N60R and M6. The smaller 
maximum, lift and the higher minimum profile drag 
account for the factor of general efficiency CL max/CDo 
min being lower for the B106R and the Gott. 398R. 
 

Conclusions 
 
The general conclusions of early tests of reflexed 
trailing edge airfoils in atmospheric tunnels are 
substantiated by these tests at a large value of the 
Reynolds Number - approximately 3,100,000. The 
reduction of the pitching moment and the 
accompanying small center of pressure travel were in 
agreement with theoretical prediction. The maximum 
lift was reduced approximately 12 per cent and the 
minimum profile drag only 4 to 5 per cent. 
 
Langley Memorial Aeronautical- Laboratory, National 
Advisory Committee for Aeronautics, Langley Field, 
VA., August 14, 1931. 
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AVAILABLE PLANS & 

REFERENCE MATERIAL 

 

Books by Bruce Carmichael: 
Personal Aircraft Drag Reduction: $30 pp + $17 postage outside USA: Low 
drag R&D history, laminar aircraft design, 300 mph on 100 hp.  
Ultralight & Light Self Launching Sailplanes: $20 pp: 23 ultralights, 16 
lights, 18 sustainer engines, 56 self launch engines, history, safety, prop drag 
reduction, performance. 
Collected Sailplane Articles & Soaring Mishaps: $30 pp: 72 articles incl. 6 
misadventures, future predictions, ULSP, dynamic soaring, 20 years SHA workshop. 
Collected Aircraft Performance Improvements: $30 pp: 14 articles, 7 
lectures, Oshkosh Appraisal, AR-5 and VMAX Probe Drag Analysis, fuselage 
drag & propeller location studies. 
 
 Bruce Carmichael  brucehcarmichael@aol.com 
 34795 Camino Capistrano 
 Capistrano Beach, CA 92624  (949) 496-5191 

 

VIDEOS AND AUDIO TAPES 

 
(ed. – These videos are also now available on DVD, at the buyer’s 
choice.) 

 
VHS tape containing First Flights “Flying Wings,” Discovery Channel’s The 

Wing Will Fly, and ME-163, SWIFT flight footage, Paragliding, and other 
miscellaneous items (approximately 3½+ hours of material). 
 Cost:  $8.00 postage paid 
  Add:  $2.00 for foreign postage 

VHS tape of Al Bowers’ September 19, 1998 presentation on “The Horten H 

X Series:  Ultra Light Flying Wing Sailplanes.”  The package includes Al’s 20 
pages of slides so you won’t have to squint at the TV screen trying to read what 
he is explaining.  This was an excellent presentation covering Horten history 
and an analysis of bell and elliptical lift distributions. 
 Cost:  $10.00 postage paid 
  Add:  $  2.00 for foreign postage 

---------------------------------------------------------------------------------------- 

VHS tape of July 15, 2000 presentation by Stefanie Brochocki on the design 

history of the BKB-1 (Brochocki,Kasper,Bodek) as related by her father Stefan. 
 The second part of this program was conducted by Henry Jex on the design 
and flights of the radio controlled Quetzalcoatlus northropi (pterodactyl) used 
inthe Smithsonian IMAX film.  This was an Aerovironment project led by Dr. 
Paul MacCready. 
 Cost:  $8.00 postage paid 
   Add:  $2.00 for foreign postage 

--------------------------------------------------------------------------------------- 

An Overview of Composite Design Properties, by Alex Kozloff, as presented 

at the TWITT Meeting 3/19/94.  Includes pamphlet of charts and graphs on 
composite characteristics, and audio cassette tape of Alex’s presentation 
explaining the material. 
 Cost:  $5.00 postage paid 
  Add:  $1.50 for foreign postage 

--------------------------------------------------------------------------------------- 
 

VHS of Paul MacCready’s presentation on March 21,1998, covering his 

experiences with flying wings and how flying wings occur in nature.  Tape 
includes Aerovironment’s “Doing More With Much Less”, and the presentations 
by Rudy Opitz, Dez George-Falvy and Jim Marske at the 1997 Flying Wing 
Symposiums at Harris Hill, plus some other miscellaneous “stuff”. 
 Cost:  $8.00 postage paid in US 
  Add:  $2.00 for foreign postage 

------------------------------------------------------------------------------------- 

VHS of Robert Hoey’s presentation on November 20, 1999, covering his 

group’s experimentation with radio controlled bird models being used to explore 
the control and performance parameters of birds.  Tape comes with a complete 
set of the overhead slides used in the presentation. 
 Cost :  $10.00 postage paid in US 
     $15.00 foreign orders 
 
 
 

COMPANION AVIATION 

PUBLICATIONS 

  
EXPERIMENTAL SOARING ASSOCIATION 

 

The purpose of ESA is to foster progress in sailplane design and 

construction,which will produce the highest return in performance and safety 
for a given investment by the builder.  They encourage innovation and builder 
cooperation as a means of achieving their goal.  Membership Dues: (payable in 
U.S. currency) 
 
United States  $20 /yr  Canada  $25 /yr 
All other Countries   $35 /yr  Pacific Rim $35 /yr 
Electronic Delivery $10 /yr  U.S. Students Free 
   (Students FREE if full-time student as defined by SSA.) 
 
Make checks payable to:  Sailplane Homebuilders Association, & mail to Murry 
Rozansky, Treasurer, 23165 Smith Road, Chatsworth, CA 91311. 


