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USES 11; LABDINGS OF SEVEiiXL kI,93LBBZS 

98 3oszph R .  V e n s o l  

I ITTBGDU $T T OF 

T h o  -purpose o f  t l i s  r e p o r t  i s  t o  p r e s e n t  f l i g h t - t c s t  
d n t n  on  ”,hc e l e v a t o r  d e f l e c t i o n s  u s n d  i n  1 p x d i . q  f o r  :; 
numSer OP c i r ~ i l m c s .  Suck i n f o r r : a t i o E  i s  L o t  a . v n i l n b l c  i 2  
pu’ol ished f o r l :  at t h e  p 1 ” 0 , - ~ 3 t  t i m e .  

T h o  c l c v n t o r  d d f l c c t i o n  r c q u i r c t  t o  l a n d  nlz n i r p l n n c  
i s  o l  i n t o r c s t  t o  d c s i p c r s ,  sir:cc t1,c u p - e l e v a t o r  c l e f l ec -  
t i o i l  r a n z e  i s  l i k e l y  t o  bc d o t e r a i n e d  by the l a n d i n g  con- 
d i t i o n ,  F u r t ‘ n e r ,  if i t  s2;ould be d e s i r e d  t o  d e c r e a s e  t L e  
e l e v r  t o r  k i r g e  iLone2t s by u s e  o f  n s r r o w - c h o r d  e l e v a t o r s ,  
dua  c o c s i d e r n t i o n  nust be Liven  t h o  e l e v a t o r  d e f l e c t i o n  
n e a d o d  €9;- lnndlir,g:. The m o b l e : .  i s  n l s o  o f  i n t e r e s t  irhen 
r n  ~tien2t i s  : a rCe  G O  li.;it tile u p - e l e v a t o r  t r n v o l  o f  r n  
c i r 7 l r ~ e  s o  t h a t  i t  cc.,r_not \ e  s t a l l e d  i r _  f l i g h t  %ut  w i l l  
s t i l l  b e  ccpnb lc  o f  ;icd;ing 2” ;sod l m d i n , - _ ; .  

The l i c i t e d .  ratxire o f  t h e  c.ata a v a i l a b l e  d i d  n o t  p e r -  
cit a c o : i p i e t s  i n v e s t i g a t i o n  o f  g round i n t o r f c r o n c e  on  
tri:.i. I t  i s  f u l l y  a p p r e c i a t e 4  t i i a t  t k e  t ra lue  o f  C3 f o r  
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stall at a l t i c u d e  and  a t  l a n d i n g  i s  probably n o t  t l ie  sai.:o. 
X o v e v e r ,  t h e  c o r n p ~ r i s o n  o f  t n e  e l e v a t o r  d e f l e c t i o n s  be-  
tween  s t a l l s  a5 a l t i t u d e  and  1anJ inp;s  unde r  t h e  sarip l o a ? -  
i n s  c o n 9 i t i o a s  i s  nad.e. The d e s i g n e r  s l i o u l d  be a51e  t o  
d e t e r r i n s  fro:;  tuiin.el t z s t s  o r  c a l c u l a t i a n s  t h e  e leTia tor  
d e f l e c t . i o n  required t o  s t a l l  a t  a l t i t u d e .  



. 
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I: ; J i l l  bo n o t e d  fi-or:. t a b l c  I11 t h a t  U s i l a l l y ,  whcn 
f l o p s  a r c  ussct,  t h e  6- i f i"ercncc b c t v u c n  t L c  n v c r n g c  e l c v a -  
t o r  C e f l e c t i o n  t o  r-ir-kc n t h r c c - p o i g t  l n n d i n g  ar.d t h c  c l o -  
v n t o r  d - c f l c c t i o n  t o  s t a l l  a t  a I t i t z d c  (A&,) I S  q u ~ t e  
l=tr;;o; for a i r p l a n ?  2 ,  w i t h  50' flap d e f l e c t i o n ,  A & ,  i s  
14.4O. 

Ar, nSter i2 t  was i1cd-C t o  corre!-,ztc t h e  d i ? t a  by r e d u c i - g  
C6e t o  nn e q u i v a l e n t  chailge i n  nng1.e o f  a t t a c k  of t h e  h o r -  
i z o n t z l  t a i l  siirface, ba$ ?ue  t o  t h e  l a r g e  nu:.iber c f  i n ? e -  
t e r a i n a t e  f a c t 0 i - s  iiivolveci., n o  c o n s i s t e n t  r e s u l t s  C o r  :ill. 
t h e  n i r 3 l a n e s  couli! b e  obta inoi? .  

An 1ialportnnt elcr. :cnt th7,t  c o ? i t r i b u t e s  t o  t h e  mp-gni- 
tude o f  A6e is t h e  piloting " , ch iov .e  ; n ~ l o ; r c ? d .  i n  t h e  ex- 
ec.;it?on o f  c l s n d i a s .  3c)r oxnmple,  i f  -, !.,znding a p p r o a c h  
i s  mnde j u s t  a'oove ';he s t n l l i c g  c::Jee:? i n  2, h s n s . i l y  f l z p p c d  
n i r ~ l a n e ,  j . t  may bo iir.pop"UiSje t o  ; > i t c h  t o  n t h r e e - 2 o i n t  
a t t i t u d e  nr-d r e d u c e  t k e  v e r t i c n l  v e l . o c i t y  t o  z e r o  e v e n  by 
t h e  i ~ s e  o f  full uc sievator, ivkeeec:..~, i f  t2?e ;,:lot kccpr:  
Rn s ~ p r s c i s b l e  m r g i n  o l  speod  nbovi! s t  a L i l i r g ,  i t  a s u a l l y  
i s  f o u n d  t h a t  t h e  s m . o  r t i r p l n n o  C?JI be 1.nndcr l  i n  n t h r e e -  
p 3 i n t  a t t i t u d e  2 4 t h  P-o d . i f i icu! . tg .  C r ,  i f  the r b 5 r p l a c e  i s  
s t a l l e d  :: fcw f c c t  r , bove  t h e  ~ ; r o u . n d ,  f u l l  12:: o l c v n t o r  i s  
of  i lo n v n i l  i;2 z t t c q t i n g  t o  pi*oducc a g o o d  l ~ . i 1 d i n ~ ;  n h n r c -  
a s ,  j.f t n c  s a w  n i r y ~ l n n e  i s  s t n l - l e d  r?lr iost  i n  c o n t a c t  w i t h  
t h o  ground,  th:: e l e v a t o r  t r n v c l  rsny bc q u i t e  s u f f i c i e n t  f o r  a 
g o o d  13,nding. Lr .nding  i n  g u s t y  n i r  c o n d i t i o n s  a l s o  acy dc- 
manil l a r g c  as-clevn5or d e f l c c t i o o s .  

'L 'n t i l  rr a o r c  comproncns ivc  invcsI;i,gTn.tion o f  g r o u n d  
e f f e c t  oi l  t r i u  i s  nndc, i t  i s  h o p e d  t h c t  t h e  c?a"u, colitc?inccJ- 
h e r e i n  w i l l  bo h c l p f u l  13 t ,he  c ics is i l  of riew airplanes. 

C O J C L V S  I OiTS 

Langley Memorial d e r o n z u t i c a l  Laboratory, 
:ia t i o n a l  A 2v i s o r y C o ? m i  t t c e f o r  A e 1- on au t I c s , 

Langley  Field, Va.. 
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NACA 

TABLE I 

PHYSICAL CHARACTERI8TIC8 

OF AIRPUIPES TESTED -- 
Center 
or- 
graolt: 
po.1- 
t i o n ,  
(per- 
cent 
Y.A.C. 

- 
25.9 29.1 
22.0 
30.2 
26.7 

25.1 
22.0 
22.0 
23.6 
2 .5 
27.1 

2??o 2 .1 

3:f 

- 
Tape1 
ratic 
of 
wing 

- 
4.3 

3.5 
2.5 
1.0 
1.0 

1.0 
.2.0 
1.0 
2.5 
Eup. 
1.5 
1. 

2*?i 2. 

1 .,a 

_L_ 

RorL 
zon- 
tal 
t a i l  

(ft) 

- 
45.0 
33.8 
26.7 

9.3 
10.2 

10.0 
10.8 

12. 

1 .5 
14.9 
13.7 

21ezl 12. 

lp 

7 

Aspecl 
r a t io  
of 
dng 

- 
8.0 

7.9 
5.9 
7.5 
7.7 
7.2 

5. 

Aspecl 
ratio 
Of 
t a l l  

- 
I 

Air- 
plam 

- 
1 

i 
2 
7 
8 
9 

10 
11 
12 

Y 
r 

Air- 
plane 

1 

3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 

a 

4.0 0.36 Splll  
4.5 0 37 Splll 

030 Splll  
*34 -1 

Splil  33 
P la i r  

3 04 
t:? 
J?:: . :D Nolle 

Plair 
Splil  
Sp l l l  

.50 Spll l  
I e38 I Splll  

I 1 -- 
I I '  I 1 wing section Up- Gross  hngle 

eleva- weight, of 
t o r  ( l b )  lncl- 
travel dence 
avall- of 
able, wing,  
(dog) (deg) 

above 
ground 

three- 

a t t i -  
tude, 

point 
a t t i -  
tude, 

-- 
4.5 
3.5 
2 

NACA: 
0018 
0018 

7.7 
7.5 

10.5 
14.0 
14.3 
12.0 
13.5 

NACA : 
0010 
0010 

23009 
07.6 

&? 
23012 
2412 
2209 

23009 

--- 
--- 

NACA-CY8 --- 

2301 221i( 
Clark Y 

2 
1 --- 

-1L 
2 NACA : 

23012 
2412 
2215 

--- 
--- 13 6.2 I i .  

4.5 
7.8 5.3 
%:S 2:g 

2.0 

::3 
--- 
e-- 

* 3 
1 
1 
2 
0 
0. 

23018 
NACA-CYH 2.2 

4.0 --- 
I I I I I I 



0 
0 
25 
2 5  
25 
28 

, PACA 

12.8 
16.3 

19.0 
18.5 
19.2 

-- 

Table 8 
TABLE I1 

-- 
1.53 
1.35 
1.35 
1.60 

LANDING DATA FOR AIRPLANES 1 TO 9 

8.1 
7.5 
7.5 
8.1 
3.6 

I I I I I I 

1 0 
2 0 
3 30 

45 

6 60 
7 60 

; 60 

B h v a t o r  V e r t i c a l  Normal Yaxlmuml Attitude 

UP 

I 
8.0 2.7 6.5 86 

6.5 86 
4.5 -- 

73 
-- 

20.1 -- 
t 

T-- I 

1 
2 
3 
4 
5 
6 
7 
8 

Type of landing and remrks 

0 T a i l  f l r s t  . 
59 Three point  
59 
59 
59 12.6 6.0 1.40 10.0 ---*---_--- 
59 18.6 4.3 11.7 10.0 Tall f i rs t  
59 8.5 4.8 10.0 Wheels first  
59 -- 3.2 10.0 =eels first 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 - 

1 
2 
3 
4 
5 

-- T a i l  first O$@ 19.4 1.9 1-00 1.41 14.9 -- 
20d3 14.0 1.6 -- 20&) 21.0 1.0 -- -- -- -- -- Almost th ree  poin t ,  power drag i n  -- -- -- -- Wheels first bounced 

lOO$d 25.0 1.0 1-00 1.22 10.6 -- , -- Wheels first bounced 
75813 14.3 .3 1.02 1.20 9.1 -- -- Wheels first bounced 

60 1 16.5 

* 

AIRPLANE 1 
I - 

I 

0.9 1.03 
2.6 1 .96 
2.1 .98 
2.1 1.00 -- I 1.03 
1.9 1 1.01 

2.5 1 1.07 ' 1.64 I 3.2 I 
AIRPLhNE 2 

- 
-_ -- 
8.0 
0.0 
8.0 
8.0 
8.0 
8.0 
17.5 

1'7.5 - 

-- -- 
54 
54 
54 
54 
54 
54 
59 

59 

T a l l  first, p a r t i a l  power 
T a i l  first, p a r t i a l  power 
Three point. p a r t i a l  power 
Three point ,  mild p a r t i a l  power 
Wheels f i r s t ,  p a r t i a l  power 
Three point  mild, p a r t i a l  power 
Three point  mild, p a r t l a l  power 

power in approach, power Cut 
Jus t  before  contact  

point  mild, p a r t i a l  power 
f i r s t ,  bounced, p a r t i a l  

I I 

22.2 
22.0 
21.0 
19.8 
14.8 
22.3 
23.3 
22.2 
24.0 
18.7 
24.4 
18.0 
22.6 
21.8 
28.0 
25.7 
28.0 - 

- 
2:6 1 0:;s 
1.6 1.00 
1.4 1.00 
2.2 1.08 
2.8 I 1.05 
1.6 1.00 
1.2 .95 

1.9 

3.6 * 95 
2.3 .84 

A - 
-- 
2.02 
1.61 
1.40 
1.79 
2.28 
1.65 
1.43 
1.58 
1.47 
1.54 
2.08 
1.63 
1.32 
1.61 
1.92 
1.88 

.IRPLANE 5 

1 I I I -- 
32.5 
12.6 
12.0 
11.0 
13.4 
11.3 
13.7 
11.2 
11.5 
11.0 
11.0 
10.9 
12.1 
14.3 
12.8 
13.1 

-- -- -- -- 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 

-- -- -- -- 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 
66 

Three poin t  
S l i g h t l y  t a i l  first 
Normal three  point  
S l i g h t l y  ta l l  first 
Flared wheels first bounced 
Three poin t  (he ld  o f f )  
Steady t a i l  f irst  
a r t  burst power, sbsldy Uxw plnt - ngrcacb, rtreeh dnt Lunosd 
Floa ter ,  t h r e e  point  
mer dmg in, a r a ~  t a l l  flrst 
Uheels f d r s t  bounced 
Smooth t h r e e  point  
Three point  
Ylld ta i l  first 
Three point  a l i g h t  power 
T a i l  first a l i g h t  power 



Table 2 (continued) 

* before 
contact, 

(deg) 

LO 
2 

* A  

Vertical  Normal Naximum 
velocity accel- normal 
ins tan t  eration accel- 
before ins tan t  eration 
contact, before a t  

( i p s )  contact contact 
(g) ' (g) 

U C A  

Attitude 
O f  
thrust 
axis 
a t  
contact, 
(dag 

TABLE ZI (CONTINUED) 

LANDINO DATA FOR AIRPLANES 1 TO 9 

Elevator Indicatek Type of landing and remark8 
angle t o  airspeed 
s t a l l  a t  a t  s t a l l  
a l t l t u d  a t  { mph up 

(deg) a l t i t ude ,  

- I I I I I I I 

1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 
10 31 
11 31 
12 31 
13 31 
14 31 

24.1 
25.3 
25.3 
24.1 
4.8 
7.7 
6.5 
11.7 
25.3 
23.6 
25.3 
6.0 
25.3 
10.5 

16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 

48 
48 
48 
48 
44 
44 
44 
44 
44 

22.7 
pro- L 1 1.5 22.7 

vided 17.L -- 1-08 1.44 -- 22.7 
25.6 - 5 1-02 I 2.06 11.6 22.7 
10.8 4. -99 I 2.58 4.5 22.7 

:; / ~ h r e e  point 
Three point 

43 Three point, perfect  
43 
43 I n e e l s  f i r s t  bounced 

1Pull f l a r e  t o  three point 

27.0 ' 4.6 
1 27.0 3.5 

-.3 2.4 
10.4 5.0 
5.1 1.S 
1.5 1.7 
5.1 .8 
2.1 2.3 
4.6 3.3 
3.9 I 3.1 

0.94 
.98 
.85 

1.00 
1.02 

.64 

.72 

.85 

.89 

-09 
. .98 
.94 
.98 
.98 
-98 

.9a 

1.28 
1.79 
2.68 
2.08 
2.25 
2.10 
2.81 
2.10 
1.74 

1.70 
1.49 
3.53 
1.45 
2.25 
1.70 

2.49 

21.0 
21.0 
21.0 
21.0 
21.0 
21.0 

38 
38 
38 
38 
38 
38 

I I I I I I I I 

AIRPLANE 6 - 
12.2 
12.8 
13.2 
9.0 
2.8 
4.4 
7.6 
8.3 
12.2 
11.7 
11.2 
1.3 
7.0 
10.9 

- 

1.6 
3.6 
9.5 
9.5 
4.8 
1.6 
1.3 
1.3 
6.0 
.9 
5.6 
4.8 
9.1 
1.4 

c.90 
.go 
.eo 
.72 
* 93 
.95 
* 97 
.96 

.93 

.77 

.03 

.77 

.96 

-- 

Mild three point 
Tail  firat p a r t l a l  power 
Dropped S f t  pa r t i a l  power 
Wheels first bounced 
Rheelr f i r e t  bouncod 
h e r  m. h t  tangent ia l  
Power on, l e f t  wheel tangential  
h e r  cn,right wheel tangent ia l  
IDgh level off. hard m l e f t  wheel 
Three point mild 
Dropped in p a r t i a l  power 
Wheels first bounced 
Dropped in  5. f t  
Normal on l e f t  Theel 

i 

i 

i 
i 

2.92 

AIRPLANE 7 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 

a 

1 I I I I I I I I 

1 
2 
3 
4 
5 
6 

* 7  
8 
9 
10 
11 
12 
13 
14 
15 
16 

N a n 0  
pro- 
vided . 

9.1 
7.2 
7.5 
.3 
.2 

13.5 
6.4 
9.3 
11.3 
2.6 
4.7 
4.7 
4.3 
4.0 
1.8 
2.2 

21.0 f 38 
21.0 38 

38 

38 
21.0 38 

j 38 

Perfect th ree  polnt 
Held oft, dropped in 
Held o f f ,  dropped in  
Unchecked g l ide  
Unchecked g l ide  
Held off 
Held off  t o  s t a l l ,  dropped i n  
Tai l  f i r s t  
Unchecked g l ide  . 
UnchucPed Elide 
Unchecked glide 
On r igh t  wheel 
On l e f t  wheel 
On r igh t  wheel 
Unchecked g l ide  p a r t i a l  power 
Unchecked glide p a r t l a l  power 

21.0 38 
21.0 1 38 

I I L I I I I I I 

AIRPLANB 9 
I_ 

13.0 0.7 
13.0 1 2.0 
7.3 3.3 
8.3 ' 3.3 

9.3 .9 
8.3 3.8 
7.3 3.4 
17.0 1.2 
16.5 2.0 
1?.0 1.2 
17.0 2.3 
17.0 2.3 
17.0 1.6 

~ 8.3 a.3  

1.03 
1.05 
.99 
.95 

1.11 
.97 

1.30 
1.11 
1.87 
1.72 
2.59 
1.68 
1.77 
1.54 
1.11 
1.18 
1.1'1 
1.28 
1.07 
1.49 

10.9 
9.7 
5.0 
5.5 
3.9 
8.8 
5.5 
5.4 
13.4 
12.2 
13.3 
13.2 
12.3 
12.1 

17.0 
17.0 
17.0 
17.0 
17.0 

52 Three point dropped i n  1 Three point 52 
52 
52 
52 

!wo point 
Wo point 
b o  point 
!wo point, p a r t i a l  power 
!wo point, pa r t i a l  power 
'ro point, pa r t i a l  power 
!ail f i r s t  
'ail f i r s t  
'ail f i r s t  

4 
5 
6 
7 
8 
9 

10 
11 
l2 
13 
14 

17.0 
17.0 
17.0 
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