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A COMPARISON OF THE 

A 

PERFORMANCES OF 

"TERN " SAILPLANE. 

A VULTURE AND OF 

By T. G. NYBORG. 

In T1-1c SAJLPLANE of May 17th the .re is a very int eres ting 
article by " Ke11tigern " on the estimation of the perfor
mance of a vulture from data supplied by LV!r. S. M. Vine 
of South Africa. 

" Kentigern " states that Professor M.elville Jones has 
shown that the dynamic resistance of a st,-eamli.ned body 
is neglig ible compared to the skin friction. I rather dis
agree with this theory, as I consider that the skin friction 
and dynamic resistance of a body with elevator and rudd er 
should be alike to make the total resistance a minimum 
for the body. Thi1;, oi course, is not always obtained, as 
there are other considerations which govern the body 
design, as may be seen from the many different forms of 
birds' bodies (e.g., compa ,re the body of a pheasa nt with 
that of a gull). 

The body of a hird of prey we would ex1)ect to be fairly 
well streamlined, but the vulture scarcely comes into this 
category, and we must (100k to its mod e.o f living and the 
conditions under which it has to start its flight, as it is 
upon thos e fact ors that the design of the wings and body 
mainly depends. 

From the data given by Mr. Vine, I would imagin e that 
the vultur e has to rise off the grnund under restrict ed con
ditions and it would be of Interest to know if the part ,icular 
vulture had a good feed shortly before it was shot. I am 
inclined to think it had . 

.'\s a rul e, vultures object to heavy weather or very gusty 
winds, and prefer to get down when such conditiot1s pre
vail. I was told by a friend that he had once observed 
n \lultur e in Chile being tossed about for a considerable 
time before it succeeded in making shelter, although sea
gulls were flying about as usual with no indication of 
difficulty , If I remember rightly, an article appear .ed in 
Flight some years ago describing how ;rn aeroplane pilot 
hunted vultures in Africa and their maximum speed was 
then given as 50-55 m.p.h. 

Unfortunately, I am not familiar with the actual shape 
and dimensions :>f a vulture's body, but from photographs 
it ;,,ppears to be rather short or egg-shaped and not exactly 
well streamlined. I am, therefore, of the opinion that 
the dynamic resistan ce of the body cannot be neglected . 
In fact, I think that it amounts to more than the frictional 
resistance due to the body surface which " Kentig ern " 
has taken as 32 sq. ft., whereas I reckon about 5 sq. ft. 

With regard to the modern glider, say th e TERN, I quite 
agree that the dynamic resistance may he neglected, as it 
only amounts to IO per cent. Of' even less of the skin 
friction. 

I am sorry J cannot follow " Kentigern 's " calculations, 
as I am conversant neither with the fonnulre employed nor 
with his methods. I see, however, how the different values 
of K

1 
a-re obtained for the different velocities by the 

formula given, but I do not understand how this can be 
applied to this µarticular wing m1der different conditions, 
as the ang ,le of incidence is apparent ,ly neglected. To my 
surprise the result arrived at seems to fit fairly well with 
my calculation, and I am not prepared to say which is 
the more accurate, as I have insufficien ,t information of 
the actual soaring and sinking speeds of birds to afford 
me th e necessa ry verification of my formulre. I do not 
use the results of wind-tunnel tests, as I do not believe 
in them. At lea&t, 1 have seen so many contradictory 
results that I do not think they can be ,-elied upon as soon 
as the conditions are altered to any extent. On the other 
ha nd, T admit that the knowledge of the whole problem 
of soaring is so vague that one must be very careful in 
predicting anything for conditions out of the beaten track, 
and that thos who know least of the subject aire the first 
to condemn anything new without being able to give any 
reason. 

In calculating th e performance of the vulture from Mr. 
Vine's dimensions for the span, weight and wing area, I 
am unable to allow for the slotted wing, as I have never 
had any information on this subject. I believe , however, 
that it is only when flying slowly that the bkd uses its 
power to slot its win tips. 

It is a well-known fact ihat if two square kites of similar 
overaH dimensions are flown in the sarne wind velocity, 
the one having a ,piece cut out of the middl e equal to half 
its area, whil'e the other is whole , the pull in the string 
\viii be the same in each case. 

This may account for the smal'l wing area given, but I 
am prepared lo say how much the effective area is in
creased li>y tl~e slotting, and we shall consider .it 'in dis
cussing the curves as calculated by " l{entigern " and those 
of mv own calculation. 

The thickness of the wing arm and the wing curvature 
ha s also not been given, and I have calculated the thick
ness of the wing at the shoulder and assumed the curva
ture of th e top or suction side of the wing is as it should 
be while the underside is assumed to be flat a, it probably 
will be at the higher speeds. At the lower speeds ,there 
mav be some camber, and the flving speed should therefore 
be ·somewhat slower than my calculations show. 
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I give herewith a performance calculation and curves of 
sinking spee d and gilding angle for the vulture and for the 
TERN sailplane. These calculations have been made in 
accordance with my own theories, and I would point out 
that not a single " \lariable " constant (if I may use the 
expression) has been used. This means that anyone who 
can use a slide-rule may calculate the performance of any 
bird or glider using. nothi_ng more than_ the form_ul;:e here 
employed and the d1mens1ons of the glider, provided that 
it is of reasonably good aerodynamic design. Naturally, 
a formula cannot allow for any unnecessary resistance
producing fitting, and this must be found by test. 

Comparing the skin friction resistance with _the dynamical 
resistance of the body in the two cakulatlOns, we find 
that the dvnami€al is about three times the frictional resis
tance for ·tl1e vulture's body, while for the TERN sailplane 
the body frictional n:sistance is nine times the body dynami-

al resistance. 
It is obvious therefore that, while the dynamical resis

tance of the TERN body may be neglected, tl~e dynami ca l 
resistance of the vulture's body must be taken into aC'count. 
In the case of the sailplane, I have assumed the stream
lining to be only two dim:nsional, and_ I ~vould be very 
grateful if anyon e could give me defimte mformation of 
the actual performance, as my calculatio~ ,is _based on 
details given in Flight, and some of the d1mens1ons were 
scaled off a small scale drawing . 

As a ll mv calculation is in the metric system, I have 
converted tile sinking speed, or wOI-k per unit of weight 
per second, into feet for the vultu~e. Assuming a man 
weighing 168 lb. can, for a short tllne, work at the rate 
of I h.p. or 550 ft.jib. per second, we find that tile vu ,lture 

should do 55o X V168 = 6.8 foot/lb. per second per lb. 
168 . 18·6 

weight. I am unable to say for what period th: vulture 
could maintain 1hls rate of work, but probably 1t would 
be only able to do so for a short lime and it is unlikely 
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VULTURE. 

W = 8·3 kg. 

6 _ 

S = 2·55 n\ . A = 0 ·856 m•. 

vW = 1·42. kct = 1·13. k,. = y36. 

f = :n/4 X - X B ' _p = 
1·3 (B )z.• 0 ·0316x 10 - 2 

3 10 D B1, 0·071 X 10 · 1 

Total= 0.071 X l0- 1. 
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2½ -¼ 0 ·27 -O· I25 0·145 19·8 28·2 0·003 0·074 
3 0 0·384 0 0·384 I4·3 30·3 0·004 0·075 
3½ ½ 0 ·52 0·125 0·645 12 17·1 0 ·005 0·076 

4 I 0·67 0·25 0·92 10·7 15· 2 0 ·007 0·078 

4½ 1½ 0·84 1·375 1·22 9·75 13·8 O ·OI I 0·082 

5 2 1·04 0·50 1·54 9 12·8 0·015 0·087 
6 3 1·46 o·75 2·21 s. 11·4 0 ·025 0·096 

7 4 1·93 l·O 2·93 7·3 10·4 0 ·04 1 o·u2 
8 5 2·5 1·25 3·75 6·7 9·6 o ·o6o I ·I 3 I 

10 7 3·76 1·65 5·4 1 5·9 8·4 0 ·12 0·191 
12 9 S-2 2-05 1·z5 5·4 7·65 0 ·21 0·281 
15 12 7·7 :i 2·7 10·4 4 ·75 6·75 0-42 0·491 

' 

T = 0,035 m. 

A 
b = - = 0·335. s 

B,, = 0 ·22 7 m. 

0 ·035 
tan a, = = 0·052 or ex = 3°. 

2 X 0·335 

B, . = 0·7 m . 

W/S = 3·25 kg./m. W/A = 9·7 kg ./m• . 

Surface of Body Head and Tail = 0 ·5 m•. 
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C = V kH 
K 8 +H., 
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V = C "1-W.-
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E 
- - - --- - -- -- - --- - --
0•59 -0·07 0•52 I4·7 1·77 15•9 
0 ·31 0 0·31 6·3 0·76 26·8 

0 ·22 0 ·07 0·29 5 o ·6 28·5 
0 ·18 0 ·14 0•32 4·9 0·59 26 

0·155 0 ·28 o ·37 5'! 0·61 22 ·4 

0·144 0·29 0·44 5"6 0·68 18 ·8 

0·126 0·435 0· 56 6· 4 0·77 14·8 
0 ·122 0·58 0·70 p 0· 88 11·8 
0·1 21 0 •72 0·84 ·I 0·98 9 ·9 
0·135 I •QI I •15 9·7 1 •17 7•2 
0 ·165 1•3 1 •5 10·5 1·27 6·5 
0·225 ' I ·7 2 ·9 19·5 2 ·35 3·5 
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0•094 5·8 91•5 
0·18 2·5 66 

0·255 1·96 5-5'7 
0·325 1 ·93 49 
0·395 2'0 I 45 
0 ·46 2·2J ' 41 ·7 
0·58 2·5 37 
0 ·7 2·9 33·8 
0·8I 3·2 31 
1·06 3•85 27 ·2 
1·z 8 4·12 25, 
1·68 7·7 22 

"TERN." 
W = 185 kg. 

6 
v'W = 2·4 . 

S = 15·25 m . A 19·5 mi . 

ka. = em 0 ·7. 

fs = --· X 0·75• - 2 = 0·00057. 
nx 1·3 (0 ·75 ) 
4 X ro 7·5 

J, = Skid a nd Head 
= 0:00033 

0·01300 

or 1·3 x 10 - •. 
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6 - I 1·46 - 1·435 0 ·025 
6½ - ½ 1·7 -0 ·725 0 ·975 
7 0 1·93 0 1·93 
7½ ½ 2·21 + 0·725 Z·93 
8 l 2•5 + 1·435 3·74 
9 2 3·12 2·92 6·04 

II 4 4·5 5·75 10·2 
15 8 7·73 · 10·7 18·4 
21 14 13'4 16·6 30 

"' 
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C V .... 

I ~ 

--- - -- - --
33 79 o·6 

9·7 23·2 0·75 

7·75 18·6 0·94 
6 ·75 16 ·2 1 ·16 
6 ·1 14"7 I ·41 

5'3 12·7 2 ·00 

4·45 10·7 3·75 
3·65 8·8 9 ·8 
3·12 7•5 28 ·5 

that it could keep up more th a n one- th ird of this output, 
or, say, 2 ft. / lb, pe r second per lb. for any len gth of time. 

As a ma n ca n on ly maint ain a continuou s working .,-ate 
of .5 ft.fib. per second per lb. , it will be appreciated that 

T = 0 ·3 m. 

A 
b max . = 1·87. 

s 
1·28 = b mean. :. b(1 -e ~b) = 1.27. 

tan oc = ~ X 3/4 = 0·12 or ex = 7°. 
1·87 

w 
S = 12·5 kg./m. 

w 
A = 9·5 kg./m• . 

w 
S = 12.·5 kg./ m. 

w 
A = 9·5 kg. /1n.• 

Body El evator and Rudder Surface = 26.6 m .2 

6 
V = C v W. 

., 
!l (.) to ;,,. 
C: 0 
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~ ~ .... X ·;;; R y fJ 
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E e 
--- - -- ,_ - - -

1·9 I 1·8 - 3·25 I 14 ' 75 9000 49 1·65 -
2·05 11 ·0 - 1·62 9·38 218 1 ·18 19·7 0·135 
2·24 7·7 0 7·7 143 0 ·78 24 0·21 

2 ·46 6·45 1·62 8·07 131 ' 0·7 1 23 0· 275 
2·71 5·9 3·25 9 ·15 134 o ·n 20 ·'Z 0 ·335 
3·3 5'3 6·5 II·8 150 0·8IO 15"7 o·45 
5 ·05 y 8 13 18 ·8 202 I· I [O 0 ·63 

II·I 8·6 26 34· 6 3o5 1·65 5'35 0 ·93 
29·8 16·8 45 61·8 4,65 2 ·5 3 1· 3 

this does not under es tima te the vul tur e's workin g capa 
bilitie s. 

From th e ta ble it wil l be see n that for the minimum 
work of 2 ft. f ib. per second per l'b. , the vult ure's ,cruising 
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speed will be about 33-3-5 m.p .n . when flying under its 
own pow er . 

Comparing th e two calc1.1latioris, " Ken ,tigern 's " and my 
own, we find that my method gives a higher minimum and 
a lower maximum speed. 

It may be that th e more .orthodox method is th e more 
accurate at the lower speeds, as I have not allowed for 
any slotting effect, and for reasons of ease of working 1 
have not considered the second power term of the lift co
efficient. 

In view of the work requ ired , my method would appear 
to be the more accurate nt the higher speeds, since, as 
previously mentione<l, the maximum speed of the vulture 
when exe rted to its limit is in lhe neighbourh ood of 
50 m.p.h., which mea ns a working rat e of 3½ ft. f ib. per 
second per lb. 

Curiously enough, the two calculations coincide in th e 
value of the maximum L / D , 

It seems curious th a t the optimum gliding ang ,le given 
by lhe orthodox method should cor,respond to th e m·aximum 
speed of which ·che bird ,is capable, and I should like to 
know more of th e method by which this result is obta ined. 

• BLUE PRINTS • 

Complete Sets of ,vcrking Drawings of the R.F.D. 

primary type, and the FALKE secondary type m achines , 

a nd of the GRUNAN BABY Sailplane, with schedule of 

parts, are now available. 

R,F.D. 

FAlKE 

GRUNAU BABY 

PRICES :-

£2 o o pos t free 

£7 10 o pos t free 

,£8 8 o pos t free 

(Special reductio" to Members of the B .G.A. or Affiliat ed Clubs) 

THE BIUTISH 6UD1N(i ASSOCIATION 

19, BERKELI:¥ STREl;T, LONDON, W.I 

FOR DISPOSAL.-(1) Zo c:uNc: primary machin e with 
C. of A.; (2) Trailer and cove r for ~a me ; (3 ) Partly 

built Zo GLING and all timb er for completion; ( 4) REYNARD 
primary (dam aged }; (5) Two la unching ropes and bogey1 
(6) Scuo type sailplan e ; (7) Sundry tools, etc. Writ e to 
Hon. Secretary, Hudd ersfield Gliding Club, 32, Beaum ont 
Park Road, Hudd ersfield. 

~R SALE.-Primary typ e glider, built to drawings of 
B.G.A.; streamline wir es ; first.class condition; never 

used. £30 or nea r offer. \Vrit e Box P, c/ o THE SAIL-

PLANE, 19, Berkeley Street, W .1. 

PATENTS. 

A · P. TH U RS TO N & CO., Patents, Trad e \larks and 
clesig ns ,- Bank Chambers, 329, High H olborn, \.V.C.1. 

Holborn 2542. 

Are you 
going 
to be 
the 
last 
to 

use It? 

NEWS FROM 

THE CLUBS 

BllADFORD AND COUNTY GLIDING CLUB. 

Saturday, Jun e 11th, a nd Sunday, Jun e 12th. 

On the Saturd ay a 'light east wind was comin g up the 
Res ervoir slope, and flight s of up to 40 sec., with turns, 
wer e car ried out on this slope till dusk . RH N,\IW was 
used, as D1CKSON is hav ing a new win g buHt as a result 
of our Whitsuntide crash. On Sundav, the wind was 
very variable, but of such strength th at ·· its di!'ection had 
a]ways to be tak en into acco unt , with the resu lt that during 
the clay five different slopes wer e us ed to meet the varying 
wind direct ion. Some very goo d flying was clone betwe en 
the intervals of rushing the machine from one spot to 
anoth er , and good progress was mad e. \.Ve have a good 
slope for every wind directi on except south, and Sunday 
was the sort of day that taught us really to appreciate 
our site. 

Saturday, June 18th; and Sunday, jun e 19th. 

Flyi,ng was suspended for this week-end owing to the 
visit of Sir Alan Cobham for National Aviation Day. The 
Club wa s well represented at Yead on, where it had a 
ma chine and an inquir y tent on view in a .roped -off 
enclosure. Great interest was shown, much propaganda 
was clist ribu lecl, and new mem bers were enrolled. Mr. 
J ones, our Hon. Secretary a nd Chief Instruct or, gave a 
masterly exhortation through the public address unit, which 
was placed at our disp osa l for a short tin1e O)' courtesy 
of Sier Alan. [ 11 spite of our ac tivity in conn ect ion with 
National Aviation Day, repair work on ID1cKSON and a ltera
tions to REYNARD were carried on throughout the week-encl. 

Air view of the London Glidi,ng Clnb Hangars and 
Club,house, taken by F. B, Thomas while soaring in 

a " PrUfling," 


