
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB805965

unclassified

restricted

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only;
Administrative/Operational Use; APR 1947. Other
requests shall be referred to National
Aeronautics and Space Administration,
Washington, DC. Pre-dates formal DoD
distribution statements. Treat as DoD only.

E.O. 10501 dtd 5 Nov 1953; NASA TR Server
website



/'  / 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

»6X08^ 
TECHNICAL NOTE 

No. 1113 

COLLECTION AND ANALYSIS OF HINGE-MOMENT DATA 

ON CONTROL-SURFACE TABS 

By Paul E. Purser and Charles B. Cook 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

N A C A 

Washington 

April 1947 

N A CA ;.JL-i?AttY 

I.Apj.'R--'ORT 



-'^^oe 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE  NO.   111J 

COLLECTION AND ANALYSIS  OP HINGE-MOMENT DATA 

ON CONTROL-SURFACE  TABS 

By Paul E.   Purser and Charles B.   Cook 

SUMMARY 

Various wind-tunnel data on the hinge-moment charac- 
teristics of control-siirface tabs have been collected and 
analyzed.  The data, all of which are for plain unbalanced 
tabs, were obtained from force tests of models in two- 
and three-dimensional flow and from pressure-distribution 
measurements on models in two-dlmensio?ial flow.  Some data 
that show the effects of Mach number on tab hinge momonts 
for representative conventional and NACA 6-series airfoil 
sections are presented. 

The analysis indicated that present methods of esti- 
mating the section values of the slope of the curves of 
control-surface hinge moment plotted against angle of 
attack eft-  and against control-surface deflection chf 1 a xöf 
over small ranges of angle of attack and deflection could 
be extended to chord ratios small enough to include the 
slope of the curve of tab hinge moment plotted against 
angle of attack ch+. •  Sufficient data were not available 

to extend the analysis to include the slope of the curve 
of tab hinge moment against tab deflection Cht^ >    but 

such an extension should be possible when more tab data 
are available.  The values of the slope of the curve of 
tab hinge moment plotted against control-surface deflec- 
tion cvv-fi  were found to depend upon the ratio of tab LOf 
chord to control-surface chord c^/of, upon the ratio of 
control-surface chord to airfoil chord Cf/e, upon the 
control-surface trailing-edge angle ft,     and upon the 
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condition of the gaps at the tab and control-surface hinge 
lines. An analysis of approximate aspect-ratio correc- 
tions (derived from lifting-line theory) for correcting 
the section values of cht* •, to finite-span values indi- 

cated that the correction depended upon Cf/c and ct/cf 
as well as upon, aspect ratio. 

The data available were not sufficient to allow accu- 
rate determinations of all the various factors affecting 
the differences between section and finite-span values of 
the tab hinge-moment parameters? thus the desirability of 
obtaining more tab hinge-moment data on finite-span models 
at larger values of Mach number and of obtaining more 
complete aspect-ratio corrections to tab hinge-moment 
characteristics is indicated. 

INTRODUCTION 

In an effort to provide satisfactory methods for 
predicting control-surface characteristics, the NACA has 
undertaken a program of summarizing, analyzing, and corre- 
lating the results of various experimental investigations 
of airplane control surfaces. This program has provided 
collections of aileron and tail-surface test data (refer- 
ences 1 and 2), analyses and correlations of the hinge- 
moment characteristics of control surfaces with internal 
balances, plain-overhang and Frise balances, beveled 
trailing edges, shielded and unshielded horn balances and 
tabs (references 3 to 8), and an analysis of the lift 
effectiveness of control surfaces (reference 9)« 

As airplane sizes and speeds increase and as more 
reliance is placed upon tabs (particularly spring-linked 
tabs) to provide the final adjustment of control forces, 
the h? ?:i.£e moment of the tab about its own hi-r-ge axis 
becomes increasingly important.  (See refer'.nee3 10 and 11.) 
The piesej.it report therefore presents an analysis and 
correlation of the available data on tab hinge-moment 
charac t or i d ti ca . 
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COEFFICIENTS AND SIMBOLS 

C£ airfoil  section lift   coefficient     (Z./qc) 

/c^ flap  section hinge-moment  coefficient     (hf/qc^j 

t/Chf flap hinge-moment coefficient     (Hf/qt>fc"f2) 

*^Cht ta-n°  section hinge-moment coefficient     (ht/qc-t2) 

«r c^. tab hinge-moment  coefficient     [ßt/^t^tj 

/PL   -    PTJ\ 
P-o     resultant pressure coefficient I  j R \      q      y 
where 

I airfoil  section  lift 

hf flap  section hinge moment 

Hf flap hinge moment 

hfc tab  section hinge moment 

H-fc tab hinge moment 

q free-stream dynamic pressure 

c airfoil  section  chord 

</cf flap  section chord behind hinge  line 

root-mean-square flap  chord behind hinge  line 

c-fc tab  section chord behind hinge  line 

c"-fc root-mean-square   tab  chord behind hinge  line 

bf flap span 

b-fc tab span 
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pTj     static pressure on upper surface of airfoil 

p^     static pressure on lower surface of airfoil 

Cf»    root-mean-square chord of portion of flap spanned 
by tab 

a0     angle of attack for infinite aspect ratio, degrees 

a      angle of attack, degrees 

5f     deflection of flap with respect to airfoil, degrees 

6t     deflection of tab with respect to flap, degrees 

y 0 trailing-edge angle, angle included between upper 
and lower surfaces at airfoil trailing edge, 
degrees 

V A      aspect ratio  (b^/s) 

VE      Jones' edge-velocity factor (reference 12) 

taper rat 
f Tip chord 
\R00t chord/ 

k      section tab hinge-moment constant 

K      finite-span tab hinge-moment constant 

x chordwise location of pressure vent measured from 
airfoil nose 

T turbulence factor for tunnel 

R Reynolds number 

LI Mach number 

b wing span 

y^     spanwise location of tab measured from wing root 
to inboard end of tab 

y0     spanwise location of tab measured from wing root 
to outboard end of tab 
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Derivatives• 

The  subscripts outside  of  the  parentheses  denote  the 
factors  held constant when the  derivative was  taken. 

ohf „ = 
'öchf. 

a     V b a0, V     0/5f,5t 

N        ' 5f,öt 

'cht 

^ht 
a      Vöa0, Of ,6t 

x        /0f,5t 

_ /Ö chf^ 

Iya0,5t 

Chföf-^ö5 

,cht 

/Cht5f=^^ 

' a0,6f 
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W9t,5f 

„     - , 'opRS 

>*8f/ 

^=(?R 
a, o»6t 

aQf 

OofÖf 

,/öa0 t 6f, 

_ /öao\ a5t 
ci>5f 

ACtLarS lifting-surface  theory correction to     C^t 

or    Chfa 

Subscript: 

{0  = 0)   value of the parameter at zero trailing-edge 
angle 

The terms "flap" and"control surface" are used syn- 
onymously as a general expression for any movable control 
surface such as a rudder, elevator, or aileron. 

DATA AND SCOPS 

The data upon which the analysis is based were 
obtained from references 7 and 1J to 23, as well as from 
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unpublished re 
Ames laborator 
models in two- 
angles of atta 
or ±5°. The g 
various models 
The ranges of 
the models are 

suits of te 
ies.  The t 
and three- 

ck and flap 
eometry and 
are summar 

the various 
lasted in 

sts made at the Langley and 
est conditions covered were for 
dimensional flow for a range of 
qr tab deflection of about +I4.0 

other pertinent data for the 
ized in tables I,  II, and III. 
geometric parameters covered by 
the following tablej 

Type test See 
table A X 0 

(deg) 
cf/c °t/cf' 

t  Airfoil 
thickness 

Section 
pressure 
distribution 

I 
9-3 
to 

30.5 

o.ip 
to 

0.50 

0.10 
to 

1.00 

0.09c 
to 

0.l6c 

Section 
force II •*-*•«• «^ 

""""" 

7.1*. 
to 

25.0 

0.18 
to . 
040 

0.20 
to 

0.75 

0.09c 
.to 
0.18c 

Finite-span 
force III to 

6.86 

1.00 
to 

0.59 

11.5 
to 

16.7 

0.17 
to. •" 

O.ij.1' 
  

0.20. 
to 

0.14-1 
   

0.08c . 
to .. 

0.18c 

METHODS OP ANALYSIS 

General Approach 

Derivation of °kta and °ht5t .- In order to deter- 

mine some logical approach to the problem, .of correlating 
tab hinge-moment characteristics, a study was made of a. 
previously derived analysis of chf  and chfSf,  (refer- 

ence 2I4.) , It was found possible, to extend the analysis 
of reference 2l\.  to chord ratios small enough to include 
tab hinge-moment characteristics  (°hta 

and ^tfi^-V 

The results of the analysis of reference Zt\.  (which super- 
sedes that of reference 5) indicated that chord ratio  Of/c 
(or ct/c)  and trailing-edge angle 0    were the primary 
geometric parameters affecting  chf  (or  chtn,') and Cnf/vf 

(or chtR V ^^e results can be expressed by the following 

formulas• 
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dch-- 

or 

dcv... 
^a 

cht- - ch-f-      +  7 ta    ta(#=0)    djZT 
+ —^0 (1) 

and 

dch. f 
chf,p - chffi__ , _ + 

8f 
6f    ~6f(J*=0)    djZf 

or 

°Chtot 

Derivation of  chtsf- The analysis of  cntgf began 

with a study of values of chtgf. derived from the experi- 

mental data of references 15 to 16 (corrected for tunnel- 
wall effect) and similar data derived from G-lauert's thin 
airfoil theory (reference 2.5) as extended by Perring 
(reference 26).  The derivations were made by personnel 
of the Langley Stability Tunnel Section for use in pre- 
paring reference 'd'J.     The study indicated that a series 
of straight lines would result if  chtgf were plotted 

ct <H 
against — with Ch+-C = chf-   at — = 1.0 as the 

end point.  Such plots permitted derivation of the formula 

(3) °fctöf 
= °*fof + k (x " 07) 

where k was a constant for a given value of cf/c and 
was about 10 percent lower for the experimental NACA 0009 
airfoil data than for the thin-airfoil-theory data. 
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Specific Approach 

Pressure-distribution data.- The pressure-distribution 
data of references 13 to lB and unpublished data taken at 
the Langley Laboratory were plotted in terms of the pres- 
sure slopes Pa,  Pöf>  a^d Pg^. against pressure vent 
locations x/c.  The plots of Pa were integrated about 
various chordwise axes to give values of chf  (or cht ") 

and plots of P5 were integrated about the flap (or tab) 
hinge axes to give values of ohf*   (or Cht_ /\ for 

various values of  cf/e  (or  c-t/c) .  The values of  °hf a 
(or Ghta) 

and °hf5f (or    cht5t) 
were then plotted 

against trailing-edge angle 0" for the given values 
of cf/c (or ct/c)  and the resulting curves extra- 
polated to 0=0    to obtain chf« ,    /'or ch+-„    \ xa(^0)  I     ta(^=0)) 
and chf-      /or ch+-~    \ . The slopes of the curves 

dohfa /   dcht \     <*chf 
were also measured to obtain  -— \ or  —- and  ;— 
/  ächtö \ «ajzf  V   ¥ J <# 

Integration of plots of Pgf. about axes other than 

the flap hinge axis .provided values of chtg-p ^or vari°us 

values of ct/cf for each value of  Cf/c for which data 
were available. The resulting values of  °htg.p were 

plotted against  ct/cf and values of k were obtained 
from the slopes of these curves. 

Section force-test data.- The values of  chfa>  chta> 

chffij:ij  
chtR+.»  and c^t5f obtained from references 19 

to 23 and some unpublished data from tbe Langley Laboratory 
were used in the same way as the hinge-moment slopes 
derived from the pressure-distribution data.  Individual 
values of k derived from the force-test data were more 
subject to error than those derived from pressure- 
distribution data because with force-test data there were 
only two test points through which to draw the line the 
slope of which defines k; whereas with the pressure- 
distribution data, as many as ten test points were some- 
times available. 
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Finite-span  data.-  The  finite-span data from refer- 
ence 7  and. some unpublished data were used to  provide 
measured values  of    Chfca    and-    Clltfi+.    with which to  com- 

pare  calculated values.     The  calculated values of    Chta 

and    Chtö+.    were obtained from  the following empirically 

derived equations: 

cc>u. 

and 

00      A +  2 

where values of AChr    can be obtained from refer- 
^aLS 

ence 27 j a5t(a[-n\     can be obtained from reference 5, and 

the other factors can be obtained from the present report. 

The finite-span data were also used to obtain values 
of Chf5f and Chtg^ fröre which to derive v&luea of X 

for use in the formula 

Cht5f = Chf5f + K (l - ct/cf') (6) 

It should, be noted that models 1J, lJ+, and l6 of 
table HI had balanced flaps.  For these models Chf5f 
was computed by subtracting from the test data an incre- 
ment in ChfQf. caused by the balance as computed by use 
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of reference 1| for models 1* and 1J4. and from measured 
balance-chamber pressures for model 16. 

So few finite-span data were available that, in an 
attempt to extend the usefulness of the data, aspect-ratio 
corrections were derived by means of lifting-line theory 
to perrn.it conversion of the section k to finite-span K. 
The formula for the conversion was 

A 

K = k +  — a5f   (chta -   oiofn) (7) 
ct     

x        "7 
1 - :r— 

Cf ' 

which indicates that K varies with aspect ratio and tab 
chordj whereas k varied with flap, chord and trailing- 
edge angle.  This effect of tab chord means that the 
curves of Cht«  plotted against  c-fc/cf are not straight 

lines as,were the curves of chtfin  against  ct/cf and 

that K rather than being the slope of the curve (as 
was k)  is the slope of a straight line drawn from Chf« 

ct at -r— =1.0  and intersecting the curve at the value 
Cf 

of  ct/cf under consideration. 

RESULTS AND DISCUSSION 

Correlation of Section Data 

Values of  °hta 
an^  chtA+.*~ The results of the 

correlations of ciita (or chf a) and cht6t (or Qhf5f) 
are presented in figure 1 as plots of  cht     >  dch+. /d0, 
chtR     >     and clch^ fo$    against chord ratio  ot/c 

Ot(J2f=0) tf 

The data from which figure 1 was derived were obtained 
under a variety of conditions; but In all cases the tab 
and flap gaps were sealed and in most cases the combina- 
tion of Reynolds number, surface condition, and stream 
turbulence was such that boundary-layer transition was 
quite probably located at or ahead of 0.30c,  The resulting 
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scatter of data was such that, in reference 2I4., the mean 
curves from which figure 1 was derived were within ±0.001 
of the experimental values of chfa and chf5f> in most 
cases. Although few data were available for the chord 
ratios usual for tabs the data in figure 1 should allow 
similarly accurate estimations of  chta* ^or  ciitgi., 

however, sufficient data were nor available for such an 
extension,but it is believed that the method of refer- 
ence 2k may be used as a guide for additional analysis 
as more tab data become available. 

Values of chtsf.-- Values °^ ^ required in com- 

puting chtöf. from equation (3) are presented in figure 2 

as plots of k against cf/c for various trailing-edge 
angles and flap and tab-gap conditions.  These data show 
a considerable amount of.scatter; consequently, values 
of k for given values of cf/c and conditions of gaps 
were plotted against trailing-edge angle $.     From these 
cross plots were obtained values of dk/d0 of 0.00008 
for sealed gaps and 0.0C022 for open japs.  These values 
of  dk/dj2f were used to reduce the k-values  of figure 2 
to zero trailing-edge angle and. the resulting data are 
plotted in figure 3-  The data indicate that as the gaps 
at the flap or tab hinges are opened and as the trailing- 
edge angle is reduced, the values of k become smaller, 
which indicates that the values of  chtR„ °-nd chfgf more 

nearly approach equality.  The same trends are illustrated 
in figure h  which presents plots of chtgf against ct/cf 
for sealed tabs on open and sealed plain 0.30c flaps. 
The plots of figure h  also indicate that a straight line 
(constant value of k)  represents the data fairly well 
for values of ct/cf as low as 0.20 with gap sealed even 
when the flap is equipped with a pronounced bevel.  This 
result is typical of the plots derived from pressure- 
distribution data. 

Correlation of Finite-Span Data 

Values of Chta anc^ Chtg-t-«- -•"rie "^^pa-riaona of 

measured values "of Chta 
and Chtfia. with values computed 

from equations (I4.) and (5) are shown in figure 5-  The 
.available data indicate generally satisfactory agreement 
between measured and computed values of Chta« For Chts. , 
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however, no lifting-surface theory corrections are 
available at present and consequently the computed values 
are considerably more negative than the measured values 
and also show more scatter than do the values of Chta* 

Values of Chfcfi •" Values of K  (equation (6)) measured 

from the- finite-span data are plotted against  cf/c in 
figure 6.  Strictly speaking, the faired line should not 
appear on figure 6 since all the test points are not for 
the same aspect-ratio.  The line is shown however to 
indicate more clearly the ranges of K and cf'/c for 
which test data exist.  Since values of K computed from 
section data toy lifting-line theory (equation (7)) show a. 
disagreement with the measured values (fig. 7(a)) there 
is evidently an additional lifting-surface-theory correc- 
tion, the value of which is as yet unknown.  In the 
absence of exact values for such corrections the differ- 
ences between the computed and measured values of K were 
plotted against aspect-ratio, and an empirical correction 
of AK  = 0.0025  (A - J4..5) was derived.  This AK should 
be added to the value of K computed by lifting-line 
theory (equation (7))«  The resulting equation is 

A 

K = k +  ,AE *J^   aöf   (chta -   chfa) +  0.0025   (A  -  1+.5)     (8) 
1 - ^  ' 

Cf <; 

Values of K computed from equation (8) are plotted 
against measured values of K in figure 7("D)»  In this 
case the agreement is improved and it is thus believed 
that equation (8) presents a correction for K that is 
acceptable until more complete lifting-surface-theory 
computations are made or until more finite-span tab data 
become available for use in deriving a better empirical 
correction, 

Effects of Mach Number 

At present very few data are available to show the 
effects of Mach number and Reynolds number on tab hinge- 
moment characteristics.  Some information, however, has 
been obtained from pressure-distribution data presented 
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in reference   17.     Increments  in    cht«     caused by an 
increase in Mach number from 0.197  to O.I4.72 for plain 
sealed tabs  on 0.20c open-gap balanced flaps on 
NACA 66(215)-2l6 and NACA 2J012 airfoils  are  shown in 
figure 8.     These  data indicate  slightly more negative 
increments  in     chta    a3  "the  tab   chord is  reduced and 
considerably more-negative increments  as  the  trailing- 
edge  angle is  reduced for  this particular  case  where   there 
were open gaps   through the  airfoils   some   distance  ahead 
of the   tab hinge   lines. 

Values of the  tab  section hinge-moment  constant    k 
derived from  the  pressure-distribution data of refer- 
ence  17  are  presented in figure  9«     These  data indicate 
a  decrease in    k    as  the Mach number is  increased with 
the greatest  decrease in    k    occurring for  the  sealed 
internal-balance flap on  the NACA 66(215)-2l6 airfoil. 

CONCLUDING REMARKS 

The  analysis of available, tab  hinge-moment  data 
obtained in  two-  and three-dimensional force  tests  and 
in two-dimensional pressure-distribution  tests  indicated 
that present methods of  estimating the rate  of  change  of 
flap  section hinge-moment   coefficient with angle of  attack 
and with flap  deflection  could be  extended,  over  3mall 
ranges  of  angle  of attack and flap  deflection,   to  chord 
ratios  small enough to  include  the  rate  of  change of  tab 
section hinge-moment  coefficient with angle of attack. 
Indications  are   that  the method can be  extended  to  include 
the rate  of   change  of  tab  section hinge-moment  coefficient 
with tab  deflection when more  tab  data  are  available.     The 
analysis  indicated that  available  lifting-surface  theory 
corrections for the rate of  change of tab hinge-moment 
coefficient with angle  of attack will allow reasonable 
accuracy in  converting  section data  to  finite-span  data. 
With regard to  the rates  of change  of  tab hinge-moment 
coefficient  with  tab  deflection and with flap  deflection, 
however,   either   lifting-surface   computations   should be 
made  or more  data  should be  obtained in order  that   cor- 
rections   (either  theoretical or empirical) may be   derived 
for  these  derivatives.     Some  data  are  available  and have 
been presented concerning Mach number  effects on tab hinge 
moments  but   they are  so  limited as   to  be practically use- 
less for  design purposes;   consequently,  it appears quite 
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desirable to obtain mere tab hinge-moment data at large J 
values of Mach number. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I.- INFORMATION REGARDING PRESSURE-DISTRIBOTION-TEST 

MODELS IN TIVO-DIMENSIONAL PLOW 

Modal Symbol • Plan form 
Airfoil 
section 

0 
(deg) °t/e 

Tab 
gap Cf/o Flap 

gap 
Air-flow 

characteristics 
Published 
reference 

1 o NACA 
0009 11.6 0 to O.50 0 0.10 to 0.50 0 

R = 1.77 x 106 
M - 0.09 
T=  I.93 

13 to 16 

2 d NACA 
66(215)-216 9.3 0 to 0.20 0 0.20 0 and 

0.0055c 

R = 2.8  x  196 
to  6.7  x  106 
M = 0.20 to O.l).? 

T »1.00 
17 

5 ^ 

• 

NACA 
23012 15-5 0 to 0.20 0 0,20 0.0055c 

R = 2.8  x 196 
to  6.7  x  106 
It = 0.20 to 0.J+7 

r *1.00 
17 

h ? NACA 
6-serles 11.0 0 to 0.225 0 0.225 0.0050c 

R = 6.0  x 106 
M = O.llt 
T—»1.00 

5 A 
NACA 
0009 

25 -k 
and 
30.5 

0 to 0.30 0 0.30 0 and 
0.0050c 

R = 2.76  x  106 
M  = 0.10 
T= I.93 18   

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE II.- IHFOSKATIO» AEOARDIKG FORCE-TEST K30i,LS IM 

7..0-DIKSKSI0HAE. FLOa 

Alrfo'll 
section 

t 
Idea) et/cf Tab Cf/e i>lap 

e»p «f8t 'Btjj °*t» 

t 
-h=— "I" 

—I- 
—1 

»AM 
65,3-018 

25.0 -0.00I9 O.OOJit 

•• 2.8  "  lof lit« 
5.1 « 10* 

I - 0.20 and 
0 - 0.}8 
7—»1.00 

A' -H ± 
KACA 

66(215)216 
a '0.6 

5.5 
21.7 

0.20 
.20 

O.OOOSc 
.0006c 

-O.0096 
-.0050 

•0.00U1 
.0010 

•0.007t 
-.0039 

'0.0026 
.0021« 

« = 9.0 « 10* 
t ' 0.52     . 

h * 9.0 x 10* 
« « 0.32 
T—»1.00 

A 
A T 

NACA 
0009 

11.6 
11.6 

0.20 
20 

O.^O 3.0010c 
30 

-0.0115 
-.0125 

•0.0035 
-.O0J5 

-0.0061 
-.0070 

•0.0009 
-.0013 

X - 2.76 »  106 
»  = 0.10 
T=  1.J3 

1 r 
NACA 
0015 

i = 2.76 » 10' 
* = 0.10 
f"  1-95 

SACA 
OOO9 

0.75 •0.0075 •0.0060 0.00J3 
P = 2.7b « 106 

K => 0.10 
T»  1.9J 

4— »ACA 
66-039 T.t •0.005c 

I = 2.76 » 10* 
K ' 0.10 
T» I.« 

D- 

| 1 

1 +- 

»ACA 
0012 

(modified 1 
o.Uo 0.0030c -0.004 -0.U04* 

K = 6.4 «  10« 
If = O.lli 
T > 1.00 

Plain flap value estimated from baluicad-flap teata. 
HAT10SA1. ADVIMRY 

:<>XIIITCIE FOP. «Eamuncs 



• IIFOBUTIOH RWABDIHQ FORCE-TEST MODELS IB 

THRII-DIKHHSIOHAL FLOW 

a 

=4 

Airfoil section 

l8-perc«nt 
thick con- 
national 

HACA 
OOlli 

KocUflad 
HACA 

l6-0«rl«a 

Modified 
HACA 

65x-oia 

HACA 
0015 

Modlflad 
HACA 

66-aarlaa 

9-paroant 
«nick con« 
Vflntlonal 

Modiriad 
HACA 

l6-aerlaa 

Modlfiad 

651-Ö1-2 

Modified 
HACA 

66-aarlaa 

16.5 

16.0 
16.0 
16.0 
16.0 

ll.06 
L.06 
U.06 
I1.06 

11.5 
11.5 

0.625 

1.000 
1.000 
1.000 
1.000 

2.86 
2.86 
2.86 
2.86 

0.392 
.392 
.392 
.392 

lt.50 

2 .111 
2.51 

Tab location 

Q.50D 
.500 

o.itf 
47 

0.1(1 

0.65 

Ot/Cf 

0.1l08 

•n, 
>jao6ac 
.0062< 
.0062< 

'0.30J 
b.305 
c.305 
c.303 

1.0015t 0.520 
.520 
.320 
-320 

O.325 
.325 

1.0015c 0.325 
r        ^   .325 

CfA 

0.311 
322 
322 
311 

O.320 
,320 

0 
.0062e 
.0062« 
,0062c 

Chf0, 

•-O.OO9I 
*-.0062 
»-.0087 
»-J0080 

-0.0080 
-.0086 
-.0086 
-.0097 

'-0.0119 
•-.OI5I 

-o.ool»5 
-,ooJ»5 

-0.0015 
.0050 
.00J43 

0.0010 
-.0011 
-;QQ15 
-.0014 

-0.0019 
.0019 

-0.0010 
-.0014 

**6, 

O.OO5O 
-.00ÜO 
-.0068 
-,00t>5 

0.0061* 
-.0063 
-.0052 
-.0030 

C"ta 

0.0003 
-.0028 
-.0015 
-.0016 

= U.o x 106 
M  = 0.30 
T—»1.00 

H = I.67  x 
v - o.n 
TK 1.6 

IQ» 

R = 2.30 x 106 
M = 0.10 
Ts 1.6 

• 2.76 x : 
M  • 0.21 
r—»1.00 

:r«oaltlon frae 
transition flxad 

*t 0.25c 

R » li.OO x  10.6 
K = 0.08 
T^l.QO 

R = 1.51 x 106 
M = 0.10 
Ta 1.6 

> 

o 

1-* 
CO 

•plain-flap valu« aatlnatad fron balane«d-flap taata. 

»Tab-hlngai 

cTab-hlDB«s CO 



oq 

ja 

^ÄÄliilliliiliPM 0006 

2i   or   !f o o 

(a) Angle-of-attaok slopes. 

NATIONAL ADVISORY 
COMMITTEE FM AERONAUTICS o 

> 

Figure 1.- Effect of tab or flap chord on the hinge-moment parameters derived 
from various two-dimensional pressure-distribution and force-test data. 3 
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(b) Tab or flap-doflootlon clop«a. 

Figure 1.- Concluded. !-•• 
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Figure 2.- Variation of tab section hinge-moment constant k with flap ohord ratio -*- 
for various combinations of flap and tab gap. Symbols refer to models listed in 
tables I and II. 
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Figure 3.- Variation of tab eeotion hinge-moment oonetant at 0° traillng-edge angle 
k(0,o) vitn 'lap-chord ratio -£ for rarioue combination« of flap and tab gap. 
Symbole refer to modele lieted in tablee I and II, 1-" 
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Figure 4.- Effect of trailing-edge angle ß on the variation of Oh-t»- with ~ 

for plain sealed- and open-gap O.3O0 flaps on an NAOA 0009 airfoil seotion. 
Symbols refer to models listed in table I. 
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Figure 5.- Comparison of measured and oomputed values of   Ohta   and   Ohtßf 
Symbols refer to models in table III. 
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Figure 7«- Comparison of measured and computed values of the finite-span tab hinge-moment 
constant K. Symbols refer to models in table III. 
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Figure £.- Effect of tab-chord ratio on the Increment In onta resulting from an 
increase in Mach number for plain sealed, tabs on 0.20o open-gap balanced flaps on 
NAOA 23012 and NACA 66(215)-2l6 airfoils. Derived from pressure-distribution data 
of reference 17. R, 2.6 x 106 for M - 0.197; R, 6.7 * 10° for M » 0.472. 
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Figure 9.- Variation of section tab hinge-moment constant k with Mach number and 
Reynolds number for 0.20o flaps on NACA 66(215)-2l6 and NACA 23012 airfoil sections. 
Symbols refer to models listed in table I. oq 
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