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ﬁATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 2103

MAXIMUM PITCHING ANGULAR ACCELERATIONS OF
ATRPLANES MEASURED IN FLIGHT

By Cloyce E. Matheny
SUMMARY

Existing flight-test data on pitching angular accelerations have
been compiled. The sources from which the data were taken were manu-
facturer's reports, NACA papers, and unpublished tests which were con-
ducted at the Langley Aeronautical Laboratory. The compilation has
been made for conventional airplanes that had moments of inertia which
ranged from 535 to 572,000 slug-feetg. All the data available are for
Mach numbers below 0.80.

In addition to the compilation, an analysis was made of the data
to establish methods for determining maximum pitching accelerations.
The methods presented follow several elementary approaches and include
varisbles which are usually available at the design stage.

INTRODUCTION

Knowledge of the maximum values of pitching angular accelerations
to which an airplane may be subjected is necessary in the structural
design of various airplane components. For example, critical loads
occur on the horizontal tail either when maximum negative angular
accelerations are combined with maximum positive load factors or when
maximum positive angular accelerations are combined with maximum nega-
tive load factors.

Analytical methods such as those given in references 1 to 4 are
available which may be used to obtain maximum values of pitching
accelerations. These methods are based on either (1) a prescribed load-
factor variation, (2) a maximum constant rate of force application, or
(3) a maximum constant rate of elevator motion. At the design stage,
however, any of these methods are complicated by the problem of deter-
mining several aerodynamic quantities to a high degree of refinement for
use in the equations of motion.
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i.
The purpose of this paper is to present existing flight-test data
on maximum pitching accelerations that have been collected during the *
past 19 years and to analyze these data by elementary concepts in which
consideration is given to the possible effects of airplane geometry,
weight, load factor, and rapidity of maneuver. The results may be used
in the preliminary design of an airplane.
SYMBOLS
6 angular acceleration in pitch, radians per second per second
6 angular velocity in pitch, radians per second
Iy airplane moment of inertia in pitch, slug-feet2
W airplane weight, pounds
A time from start of maneuver to peak normal load factor,
seconds
S} elevator deflection, radians .
b horizontal surface span, feet
hy preséure altitude, feet -
n - load factor
An increment in load factor (n - 1)
S gross area including area within fuselage, square feet
Ve equivalent alrspeed, miles per hour
t time, seconds
Subscripts:
max maximum value
min minimum value
t horizontal tail w

meas measured value
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SCOPE OF DATA

The pitching-angular-acceleration data available for analysis were
compiled from various NACA papers (references 5 to 9), from unpublished
tests which were conducted at the Langley Aeronautical Laboratory, as
well as from material furnished by several airplane manufacturers.

Table I presents the geometric characteristics of the airplanes
considered in this analysis, which have moments of inertia that range
from 535 to 572,000 slug- -feet2. The center-of- -gravity position, the
weight, and the moment of inertia listed therein apply at the time of
the tests and are not necessarily the values used in design. Of the
airplanes comprising this investigation, all are of conventional con-
figuration and had conventional cable or rod control systems except
airplane 20, which had hydraulic boost.

From the data available, only the more severe maneuvers were used.
All these maneuvers were made at Mach numbers below 0.80. The following
quantities for the airplanes of table I are tabulated in table II:

(1) The equivalent airspeed Vg

(2) The maximum positive increment in load factor An obtained
in each maneuver

(3) The increment in time A from the start of the maneuver to
the maximum positive load factor

(4) The maximum rate of elevator movement d5/dt

(5) The maximum positive and negative angular acceleration g
obtained in the maneuver (These values do not necessarily
coincide with the maximum load factor.)

(6) The maximum positive angular velocity 6 attained in the
maneuver (This value occurs near the time of maximum load
factor.)

(7) The pressure altitude hp of the maneuver

(8) Remarks as to type of maneuver, degree of abruptness, and so
‘forth

Figure 1 is illustrative of the method used in obtaining the slopes
and shows a graphical representation of some of the quantities listed.
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ANALYSIS AND RESULTS

A detailed examination of the more important variables indicates
that the maximum pitching angular acceleration in a maneuver is a func-
tion of the following variables:

(1) Airplane mass and/or pitching moment of inertia
(2) Acceleration or load factor obtained in the maneuver
(3) Degree of sbruptness of the maneuver
(4) Dynamic pressure or airspeed
(5) Stability and cdntro} characteristics of the airplane
These variables are not necessarily listed in order of their importance.

The available data on maximum angular accelerations were generally
obtained as by-products of tests made for other purposes and, for this
reason, no one series of tests is sufficient to define completely the
influence of any one variable. The data have consequently been analyzed
by simply establishing envelopes of the maximum measured .values of
angular accelerations obtained in various maneuvers in combination with
several groupings of the main variables entering the problem. .

Effect of weight.- For a series of airplanes in which all lengths
vary directly as the scale, referred to hereinafter as a "geometric
series of airplanes,” the angular acceleration for a given airspeed and
type of elevator motion should vary as a function of some geometric
parameter. The possible geometric parameters might include such quanti-
ties as span, tail length, wing area, moment of inertia, weight, or wing
loading. In figure 2, as well as in subsequent figures, the measured
maximum values of pitching angular acceleration are plotted as a func-
tion of airplane weight. Weight instead of pitching moment of inertia
was chosen as the parameter because this quantity is more easily deter-
mined in the early stages of design. The solid-line curve in figure 2
represents the relation for an exact geometric series, whereas the dashed-
line curve represents a variation obtained by modifying the exponent of
the weight to fit the results better. The constants have been deter-
mined so as to include all the available data. .

Effect of load factor.- Theoretical studies indicate that, for a

geometric series of airplanes performing a maneuver prescribed by a .
given load-factor variation in which the load factor reaches a maximum

and quickly subsides, as for example a checked pull-up, the angular

acceleration should vary directly with the peak load factor obtained, -
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inversely with the time required to attain it, and inversely with the
initial airspeed. The variation with time and airspeed, however, are
more complicated functions than that for the load factor. Although all
the maneuvers available for analysis were not of the same type, the

9meas

next step was to plot values of as a function of W. The soiid-

line curve in figure 3, which is given by the equation
8o = 8300m~2/3 (1)

represents the boundary that includes the data. As in the previous
case, the exponent of W has been modified to obtain a closer envelope
of the data. This envelope is given in figure 3 by the dashed line, the
equatlon of which is

9max 125AnW 1/2 ‘ (2)

Rapidity of maneuver.- The inclusion of the load-factor incre-
ment An did not result in any reduction in the scatter of data nor
result in the establishment of a better envelope. Successive refine-
ments, made to include the rapidity of the maneuver and airspeed, not
only failed to reduce the scatter but actually resulted in less well-
defined envelopes. A plot of the time required to reach peak load
factor for the various maneuvers of table I indicated (see fig. 4) that
the minimum time to reach peak load factor increased as the airplane
weight was increased from a minimum value of approximately O.k4 at
5,000 pounds to a value of approximately 1.4 at 75,000 pounds.

- DISCUSSION

When the available data are considered, it appears that either of
the empirical relations given in figures 2 and 3 could, with judgement,
be used as a guide in preliminary design. The simplest relation

o 40000
Omax = — (3)

gives values of pitching angular acceleration that exceed the maximum
measured values only at low airplane weights. The relation
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] 125

max = ;i7§(n - 1) (&) -

is likely to furnish values of pitching angular acceleration greater
than the maximum measured values for light high-load-factor alrplanes.

Both equations (3) and (4) have terms in them which are known at
the design stage. Although equation (3) fits the data over a greater
range. of weights, it may underestimate the angular accelerations for
possible future high-weight, high-load-factor airplanes. Equation (%),
on the other hand, has been included as a possible relation since the
effect of load factor on the maximum pitching angular acceleration is
taken into consideration. The tabulated data, however, indicate that
computed values of maximum pitching angular acceleration need not
exceed 10.0 radians per second per second.

The failure to obtain better correlation as successive improvements
were attempted can only mean that a number of factors which cannot be
included in a simple approach contribute materially to the maximum
angular acceleration obtained in a maneuver. The most important factor
contributing to the scatter appears to be that the maneuvers considered
were not all the same type, although different accuracies of the data w
from various sources may also have contributed to the scatter. It is
apparent that the best over-all correlation between the experimental
and calculated values of maximum angular accelerations would be obtained -
by using the values calculated from the equations of motion and by using
the actual elevator deflections. The procedure of obtaining maximum
angular accelerations may not be a practical one at the early design
stages because the required parameters would be difficult to obtain to
a high degree of accuracy.

The maximum values of pitching angular acceleration shown in fig-
ure 2 are absolute values and include the largest ones occurring in the
maneuver regardless of the sign. Earlier attempts at correlation for
which the positive and negative values were separated showed no reduc-
tion in the scatter. An examination of the tabulated values in table II
shows that, for all practical purposes, the positive and negative values
of pitching angular acceleration are the same; slightly less than
50 percent have larger negative values than positive values.

Although the assumption of the geometric series is known not to
hold exactly, the results given in figure 5, in which IY2 2 is given
as a function of W2/3, indicate that insofar as the relations between

weight and moment of inertia for the airplanes of this investigation
are concerned the assumption is justified.




NACA TN 2103 7

The importance of the rapidity of the maneuver has been established
in reference 4. If an envelope of the minimum measured values of X\
had been drawn from the data in figure 4 of the present paper, the value
would increase with airplane weight. This increase indicates that for
the larger airplanes a greater time is taken to perform the maneuver
and hence less pitching angular acceleration results, as may be seen
from figure 2. Thus, W and xmin appear to be interrelated.

CONCLUDING REMARKS

Available flight-test data on pitching angular acceleration have
been tabulated and these results indicate the following conclusions:

1. The tsbulated data indicated that the maximum pitching angular
acceleration need not exceed 10.0 radians per second per second for all
intentional maneuvers.

2. The assumption of a geometric series of airplanes is justified
for the relationship between airplane moment of inertia and weight for
the airplanes considered.

3. An analysis that followed elementary concepts by use of these
tabulated data indicates that

(a) At the design stage of an airplane, an expression
involving only the weight will give a quick and fairly accurate
value for the maximum pitching angular acceleration.

(b) An expression which makes use of the weight and load
factor allows for the prediction of maximum pitching angular
acceleration for possible future high-weight, high-load-factor
airplanes.

(c) The minimum values of time from the start of the maneuver
to peak normal lcad factor have been shown to be a function of
airplane weight.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., March 6, 1950



NACA TN 2103

REFERENCES

1. Pearson, Henry A.: Derivation of Charts for Determining the Hori-
zontal Tail Load Variation with Any Elevator Motion. NACA

Rep. 759, 1943.

2. Kelley, Joseph, Jr., and Missall; John W.: Maneuvering Horizontal
Tail Loads. AAF TR No. 5185, Air Technical Service Command,
Army Air Forces, Jan. 25, 1945.

3. Sadoff, Melvin, and Clousing, Lawrence A.: Measurements of the
Pressure Distribution on the Horizontal-Tail Surface of a Typical
Propeller-Driven Pursuit Airplane in Flight. III - Tail Loads in
Abrupt Pull-Up Push-Down Maneuvers. NACA TN 1539, 1948.

4. Pearson, Henry A., McGowan, William A., and Donegan, James J.:
Horizontal Tail Loads in Maneuvering Flight. NACA TN 2078, 1950.

5. Dearborn, C. H., and Kirschbaum, H. W.: Maneuverability Investi-
gation of an F6C-L Fighting Airplane. NACA Rep. 386, 1931.

6. Dearborn, C. H., and Kirschbaum, H. W.: Maneuverability Investi-
gation of the F6C-3 Airplane with Special Flight Instruments.

NACA Rep. 369, 1930.

7. Rhode, Richard V.: The Pressure Distribution over the Wings and
Tail Surfaces of a PW-9 Pursuit Airplane in Flight. NACA Rep. 36k,
1930.

8. Garvin, John B.: Flight Measurements of Aerodynamic Loads on the
Horizontal Tail Surface of a Fighter-Type Airplane. NACA TN 1483,
1947,

9. Pearson, Henry A., and Smull, Leland K.: Control-Motion Studies of
the PBM-3 Flying Boat in Abrupt Pull-Ups. NACA MR, Nov. 12, 1942,




NACA TN 2103

s
paystTgndun PaTIBA 0-0Glo*€er | 9°€9 | 44G9‘T | 000‘EL|{ 000¢2LS 02
6 0°g2 0°g2{0°QTT | 0"ehe | LOK‘T | 000°Ch| 002‘HTE 6T
paystTTqndup 0°62 0792 |0°0TT | 0°g6T | ShO‘T |000‘gh| 0CL E9T 9T
paystTIqndupn £-0e --=--10"G69 | -=--- | %99 060‘2E| 000°00T LT
paysTTandupn 0°l2 #0°6T |0°0G | #°LOT | &ef 000‘CT| 009°GT 9T
8 0°0¢ g°eT|E"LE | 9°gn 9te ene‘g 008°‘g T
paustrandun °92" QU'ET|0°LE | O'TH one 008°‘g 000°g 7T
paystTqndun °HC ge-CT|o*ey |2 0% cog 0229 G66°L €1
peystIqndun 0°Ge #*IT|0°'ge | 0°92 0£T #L0€L 002°¢L cT
paystTandun DoTIBA QI ET(0°LE | O°2q gce 08L°L 000°¢L 1T
£ £°0E 0°CT|O°®E | O°TH £Te 009°¢L 0g€‘9 0T
paystTandupn £°0c 0°ET|E°EE | 8K Let 0gL‘s gle‘s 6
paystIandun 0°HE 0'tTio°2h | 0°6% gne 009 ‘4 000°¢ 8
paystIqndupn 0°ct 0°CT |0°GE |2 ¢ty cog 299y Log‘y L
paysTIqndupn 1°ce --===1C"HE | c°eH 0Tt GLL L(OAR 9
L -===-- 0°0T|0°2t | 862 He oL6‘e Cclg‘t G
9 ———s-- G*OT |G TE | 6°28t eGe 096°‘2 L8t L
G ---=-- G OT |G TE | 6°e¢ aGe 2gse 06L°T 9
paystIqndun T L2 0:0T|0°9¢ | g°Ge 08T 060°T 068 2
paysTTqndun L2 G*6 lg"Ge | £-¢e 6LT 00T‘T Geg T
. (33) | (33) Ap%pamv (33 bs) Ampwwwsﬁmv
*0°V°W 3usdIs 3 a g S q I
SousIagSy h%ﬁ>anw Jo hmpnww NGmMm ‘usds | ‘Baas ‘BoJs PM&MWB ¢BTq.I2UT SusTdITy
TtelL| Butm | Trel | Sutm JO jusmoK

SHUNVIJYIV 40 SOLLSTYELOVIVHD JOTHLEWOED -°I HIdVL




NACA TN 2103

10

* 1
jno-Trnd eatp jdniqy 000°g €6 HL* g6°¢ oT°T oL’ 06°9 222 |
gno-Tmd aaTp 3dnrqy 0919 £G* 06" 00°e €T e’ or°¢ 00t
guo-Trnd aATp jdniqy oEL‘G 06° £ 1 £G°E €T oL* oT’'9 ete
ano-TTnd sATP 3dniqy 008°S 101 00'T €02 €T LI 0£'9 oLt
qno-1mnd sa1p 3dniqy 0616 1 Lge Gl'e 6L°e 0g° 00°9 36T
gno-Trd saTp 3dnzqy e 448} 't oT°'T (42 #0°1 't on's gET | 9
quBTTI ToasT ‘dn-TTnd gdnagy 000‘h 61°T €L [«Al4 9L'E oL* oN’s 49T
3UBTTS TeasT ‘dn-Trnd qdnrxqy £T°1T 66°1T 2y 16°2 oL* g4 0ST
BT TeasT ‘dn-Tnd 3dniqy 00°T 8°T 09°€ 00°€ 4 06°€ £€T
JUBITS ToAeT ‘dn-TTnd 3dnaqy le 1t g€ 09°¢ 90°€ [} 09°6 * 19T
JUBTTF 12497 ‘dn-Trnd sdniqy 021 [l d 18y ete 29" 09°4 gt
3UITTF ToAST ‘dn-TTod 3dniqy 10°T 09°e 4R34 192 06° 09°¢ T
330 Tosod ‘dn-TTnd jdniqy ot [ 08" oL'e 2g oL'9 81
330 2amod ‘du-Tmd 3dnxqy ge'T et oe'q HE N 0g* 09°G 09T
330 xamod ‘dn-Tmnd gdnxqy 921 gt'e ot 88" g ol ] GET
JJo xamod ‘dn-Tmnd gdnaqy o1T'1 one 062 clg 08 0g*e g1t
330 Ismod ‘dn-TTnd gdnrqy 96° T6°T ot"e 96T €T°1T on*e €01
J70 xomod ‘dn-TTnd 3dnIqy 28" .- 081 HGh 2g° oLt €6
130 Jamod ‘dn-Tynd sdnIqy 15 - 06° g6e £T'1 gL €L
330 xemod ‘du-1Ing oL* - oL’ [ 00°e 06°T <01
330 aanod ‘dn-Trng 1€ == o’ €er PR ontT GOT
uo xanod ‘dn-1nd adnaqy g9°T 00°E 0G6°G 00 18 00°g 8T
uo Jamod ‘dn-Tnd 3dniqy 79T 292 0g°€ 9€°'T 18" o€l alt [4
ITe3s ‘uo Iamod ‘dn-Tnd jdnrqy ——-——— 091 [4S 09°¢ lee Lg* of*g £9T
o aomod ‘dn-tmnd gdnaqy | 00 -=---- T Ge'e 09°% €g'e 9° 09°G L9
171838 ‘uo Jomod ‘dn-TTnd qdnaqy | 00 =-=-- - ot 281 0g'e g6°2 0g° [+ 944 (318
1Te3e ‘uo xsmod ‘da~tnd 3dnrqy —m———— €1 [4 941 09°'e 00'e e6* (4343 LET
TTe18 ‘uo omod ‘dn-Tnd 3dnxqy ——— @1 002 ol'2 mee 06* 09°¢ 92T
TTe3s ‘uo xamod ‘dn-Tind 3dnzqy m—m—— e T - of2 e £T°1 0g e 911
uo ganod ‘dn-Trnd qdniqy 08 Le'T of'T 05T £T'T 00°2 01T
uo xamod ‘dn-Tind 3dniqy oL’ 02 T on'tT QLT 00°T 08T 00T
uo xamod ‘dn-tind 3dnIqy 89° or'T 08T lg'e LT 06T 476
wo xemod ‘dn-TTnd qdniqy 05" - 0g° #6°T £T°1 0g° 6L
dn-1nd qdnaqy ——— or't 00°2 o€ -—-- 9° 00°2 06
dn-Tmd 838TPIWLI3UL mem———— €L* o= 00°1T 91° oL'1 08°e L1t
dn-1md jdnzqy el 0E"T 004 00°% 6n°€ 3 0% og1
dn-Tmnd sjefpemIajuL | 00 ~mmmee 4g* on't 00°T T’ 0g°'1 oL'E 0ET n
dn~TTnd 3dnaqy 051 004 oL°E 612 09" oL'g 44
Jno-1ind oL’ == 00°1 cE” 00'E 0e'S LET
ano-Tmnd 3dnaqy ot 0T | 08y 004 ST 06'L onT |
dn-Trnd 939FpamIajuUL 't 00°2 O£ 06°T <9* 08°¢S 06T )
do-Tnd gduzqy 99°1 28T 0g°€ 89°1T 09° 0g'9 oGt
dn-TTnd 9387pamIajuUL [} m—a- 09°T L2 05T o£+E Gt
dn-Tnd qdnaqy 09°1 00'2 0E°E lz*e Q9 02°¢ <41
dn-Trnd egerpemtsiul 2} L1 Ge'e 2T 00°'T 08T 0og 7 €
dn-tmd 3dnzqy 00T al't oL'e on°t 08 06"T 08
qno-Tind jdnaqy 0g°t 09°€ 00°L 60°2 6L 0£°6 [9h3
gno-Tmnd gdnaqy 05’2 00°E 0g°¢ o't £g° 0g'L ont
ano-TTnd 3dniqy B LT 022 o€ 00'€ og* 08'9 OET
F3o zonod ‘dn-Tnd 3dnaqy —— or't [ 00°9 l2'e €9* 092 LL-
wo zamod ‘dn-Trnd jdniqy —————- 02T - 0£°9 n9°€ <9° c2°€ gl g
uo xamod ‘dn-Tind 3dnzqy | 0 ==---- et — oL'g €€ a8’ 06'a 1l
uo xemod ‘dn-Tnd jdnaqy - 66T a—— 06'9 m'e 90 g6'e #l T
& a
mﬁv (098 /suvTpEX) (098 /suBTpul) (oas) uv -
dy ‘opnypyTe 8 ‘Ag1o0Tea (go98/smetpex) 3P/ ‘88 Y fpeol ymed €UaWAIOUT (udz) susTdITy
ayIEmay ¢ g 3\ ‘peadg
samesaxd eTnduy UoT3eLaTa998 X01BASTR °XEl GOUIT 03 AWLT 203087-p80T
TeTnduy

VIVQ JHOI'TL 40 NOIIVINGVIL -°II TI4VL




11

NACA TN 2103

P

pT18 ‘ano-TInd rE 0g* ot'e 00°T 0=t 02°€ £61 )
3no-TInd SATR C9 olL* 24 oT*€ 7l T 09° 02°9 00F
Jno-Tind 341q - oe* 09° w 06" ony oge
no~Tmd 3ATP 0L a6’ [+ oL T €g° 06° 00°'0T geE
T8 TIF ‘JJo Janod ‘ano-TInd CT'1 (4419 09°2 eg'T 16° 0g°€ et ¢
dn-TTnd gdnzqy 05T 091 054 6L°€ €L 0t'9g ngT T
dn-Tmd 3dnzqy ™'t of ot 16°€ gLt 00°% %91
dn-Tnd qdnzqy 1 £4°G 09°€ %€ 7% 0g°€ T
uo zamod ‘dn-Tmnd 3dnaqy 20°T €En G0'E w62 16° oL'e 921
F138 T ‘dn-Tmnd jdnaqy 89* o1 /LT gL e or'T 0£'T 16 ]
dn-Tmd Burjezmq TTe3s-3dnIiqy 59° Ge°2 ot <9 99° otL - oy 2T
do-Td ‘83893 sdme3dadoy 09* oe'e 05T 99* 2 00°9 | Gen
Jno-TIMd 61° ---- 60° 20° co'e 094 439
ano-TIng 49° ———— 69° 60° [# 24 4 08t €2t
3no-TInd g - g #0° 09°T [\ e
no-TIng Lt oo—— 09 70°* o't 06°G o
3no-Td 60° —eme ot* €0 61 09'2 91S
Jno-TImd 91" m—— LT Go°* G0°'T 00'e Leg
ano-TTag o2* ——— 22" Lo o't ot 4 206 p T
Fno-TIng 61" —=-- [o 24 90° 09* 0s'e [+)¢4
Jno-TIng 9r* - g to* 09* 022 Lén
Jno-Tmg on* —--- 1zt w2 06° 00°S o
Ino-TInd L - 06° [1% cL* 0g'€ Egn
3no-TId ™" ——-- £2°1 et 06° 00°9 cEn
3no~TIng ©° i 99° et o't oT°€E 9ot
dn-TTg of* %1 0€°T e 09° 00°< 8Le )
dn-TTng 06° on'q 00°% 99°T 0%* on*n 292 + ot
dn-TT0g 09* ot 062 c6* 0g° 09°6 9se
Tre3s P18 ‘dn-1nd 3dnaqy 6" 8T 0g°¢t 9 ¢ 06° 06t geT )
AYITTY TereT ‘dn-1nd 3dnrqy Tt e gt 05°¢E 08° OEE EET
I8BITAT AOT38 ‘no-TInd 2ATQ oL c9° 01°9 06'T £9° 06°9 Lle 6
288aTaI YO138 ‘3no-TInd SATQ GL* (48] ot} 002 @1 06'¢ 902
agvatar YO138 ‘no-Tmd SATd c9° ee” 692 €21 9g° oLt e
ano-TTnd 9ATQ 9g* L9* ol'1 90°1 fo't o'y 161
ToIjuod pagwniou-wed ‘sdn-frnd PIIN ———— 00°1T on* o€ T (1349 4T )
ToI3T0d pajeniou-mwes ‘sdn-rTnd PITH -——- 00°T o4* Priae og e LET
Tox3u0d pIjwnids-mwed ‘edn-Trnd PTIN ———— 06° e et 0c'e et g
Tod3u0d pIjenydu-med ‘gdn-tmd PTIN === 0g* I3 N [4 4 0g°T 60T
To23u0d pajeniou-med ‘sdn-Tmnd PTIN - —we 09 e’ @ T ot T 00T
gno-1Tnd aATp gdnaqy GL* o 022 21 06 05 ¢ gce )
no-Tnd 247p gdniqy £g° [ead] ot 76T 9L* 144 612
ano-Trnd 9ATP 3dnaqy 69° 80°9 062 ¢T'T og° 09°G uz
ano-1nd @atp jdnrqy 4l 06" % 00°2 98" G6* 056 g
qno-Tnd IATp 3dnaqy aL* ofE w2 ST'T 28° 09°% ete
gno-TTnd eatp gdnrqy —-— [« ¢ G9°€ 92’1 - 09k goe 4 L
UBTTS TI49T ‘dn-TTnd. 3dniqy —-—- 08'9 IR HT°€ 09° 09°4 €61
3UITTs TeasT ‘dn-Trnd gdnaqy clg 59 HT°€ 99° or'% egl
3UBTTI TeAsT ‘dn-Tmd gqdniqy 696 S9*1 99°2 9° oc'y 8T
AYBTTE TAART ‘dn-TTnd gdnzqy | 0 e 00°9 oLt 't [N [«JA4% 9Lt
FUBTTS TMRT ‘dn-TTnd 3dnzqy amm=-- oh°G (#3284 26°1 ol o o529 9T
6= g+
(33) (098 /sumTpEa} e hid (o98/sUNTPEL) (o98) ay Gt
sy Temay Iy ‘opryraTe 9 ‘Ayro0Ter (go@s/suetpul) 2p/qp  ‘o3mx Y ‘peor xyead ‘quomaIduUT 2 ew wua aweTdiTy
aamsgaxg * xemnduy W0338I9T9008 2098ARTO "XOH qowsx 0% SWIg 209083-p8OT A “peads
TenBuy

PONUTIUC) - ViILVA LHOI'IA 40 NOILVINGVL -‘II HTHVI




NACA TN 2103

12

R

ano-tmnd 3dnaqy

g1 = R 6le
TT0Z 3YBTL snotota ‘gno-TTnd 3dnaqy o0t ‘62 60°2 62° Ly 2l2
qno-TTnd gdniqy 009°6e En'e 66° €4 eGe
gno-Tnd 3dniqy 00962 --== Gte 6L g€ HEe
ano-TTnd 3dnaqy 009¢62 —-=- €o°e 0s* et Hee
ano-TTnd 3dnaqy 00962 “m=- 92 9c* € gce
qno-TTnd 3dnaqy 009462 - o2'e 99° 9°€ £€2
qno-Trnd adnaqy 00962 mne- ot'e 99° EXY 922
auo-Tnd 4dnaqy 00Gf0E 002 T 22 96T
Fuigezgng aleras ‘qno-Trud 4dniqy 00Lf0E c1e L a2 go2
mo-TTnd 3dnaqy 009°0E -——- 4118 HT°T 6'T 69T
ano-1nd 3dnIqy 009°0€ 08°'T 06" [ 4 L9t
gno-Tnd gdnaqy 000°1E T #0°'T 0T Gt
dn-Tnd 3dnaqy 002‘ge 09°T L2 L4 998
TTe3s ‘dn-Trad qdnxqy 00562 gL°1 98* [ €2
Supyezing ‘sdn-Trnd jdniqy 00662 m=—- 09T €€ 6°2 oge
Surjezang ‘sdn-1md 3dniqy oot ‘of -—-- 2t T 0s* 12 96T
oon‘le Lg* 9t°1 gr* 1°e OFEE
osTge gE" === 00'e 1e° [949 41
apNTITe YATY oon6e o “e-= €9°1 61" £e 192
9% SISqUNY Y2UN FUTFWSIOTE 00062 e ---- 3951 He* o' 992
48 sdn-Tnd ‘xerc-ysnd qdniqy 006“6e ee hlaed H0°e 98" 8T L6T
00E‘68 6r° ---- 489 89" 2T 8L
r 006°gT ox* ---- '3 oG’ 9°% GLE

oce‘oe [« - =349 99° T4 6LE & HT
00 ‘08 4E* 0z e 64" -=-= T €L
00208 on* gee 6e* - L 89€
008°61 [ oy'1 € m——- Loy [=1ey
0GR‘6T e 222 ™" mae- n°g Ly
sxequNU YoBH FuTseardur 00661 2y’ oLt 4 wo—- ' gee
98 sdn-1mnd ‘xsao-ysnd gdnaqy 00261 Ly e€e 49 === ¢ het
00T 02 34 LARS 24" e g€ €92
008°6T 1% m——- €€°T Lol ———- 2'€ 9te
ooh ‘o8 6n° - €T 29" w-—- 9°2 ote
ooz ‘oe e 09°T 49° ===- €2 ote
006°6T1 Ly*o o't Gl ===- (448 49T
do-Tnd gdnaqy 0000t m——- o' T et (<44 0£' T ™HT
dn-Trod adnaqy 000°0E =-=- 00°T gn* al* 00°T ™
do-Trnd 3dneqy 0000 ---- —-- 121 71T 19° oT'T ™
dn-TTnd gdnxqy 0og‘ee - —m—- et 6L° (4 oL'T GeT
dn-TTnd 4dnaqy 004‘Te ---- net c6* [ (5181 GgT
dn-Tnd 3dnaqy 00622 %'t Tt oL’ or'e 4
dn-TTnd 4dnaqy 000°0T 66°T 09° oL 09°E HTe
dn-1rnd 3dnzay 000°0T 021 en* 9L* 02'€ 712
da-Tmd 3dnxqy 000°0T - on* T L €L o€ 4T3
dn-Tnd 3dnaqy 000°4T -—-- ——— 4T 19° oL* olL'e e6T
dn-TTnd gdnaqy 000¢GT ——-- - €T £6* oL* 092 26T
dn-prnd 3dnxqy 000°GT ---- ———- £9°T 80°T (<4 09°'e 261

dn-Tmnd 3dnaqy 000°4T ——-- ---- oL't £6°0 09°0 09°2 mﬂl
g g
mvnv (o@s/swetpea) - (098 /suBtPBa) (o98) .y (wdm
ERE e dy ‘epmaraTe g ‘A3ro0Tea (go98/swatpul) Jp/op  ‘esmx X ‘peol ¥ead ‘3ltewaIouy 3, ¢ wmm ouetdaty
IN88IXg °  xemnSuy UOT3BIITII0B JIOBAITS “XOR Yoeax 03 SWL 203983-pBOT A "pasdg
Terniuy

PONUTIUC) - VIVA IHDITI 40 NOLIVINGVL - II TTEVE




13

NACA TN 2103

N

Fno-1Tnd 000°g e* ---- 9 - 0E"T 61 682
oimd oot ‘g 9 === Tt S 00°1 9% £92

Fno-Tind 000G 22’ ———- € - 06°1 Ly Hge ,
3no-TInd 0009 - ——=- g -—-- on°tT L'y 6LE
no-Tmdg 0009 g9e° —— (4 -——— [4945 ('3 €Le
Ino-TId 000°g e ——— G ——— (=204 [443 692
Fno-TTnd 000°g 2" ———- c* oT°T 62 g2
Ino-TInd 00T‘g e ——— 9* 06* 9°E 062
Jno-TTd 000°L o2 ——-- 9° ——-- 00°T 9°€ 168
no-Tmg 000¢L ™* ———- 0T bt HI°T L€ *€e
Jno-TTd 000°L 3% == L =-=- @21 0°¢ lze
qno-T{nd 00¢¢g ec’ ———- 01 011 £ ™e
Juo-Tmd 006y g2 ———— 1T 00°T 1€ £¢e
ano=Ting oomam 9e* —— 9° —— <T°T 2°€ —
Juo-TIng 005‘g oo ——e- 9° ge* 0E°T 7€ 162
3n0-TI0d ————- £2* ——-- G 61" 0Tt 62 962
Fno-T1I0d 00E‘L Lo- - 8* le* 06° L2 8ge
guo-Td 0061 Lz’ -—-- L le® oT'T T€ 668
no-1T0g 0061 et === L HE* Go'1T L€ 652
3no-TTd 00G¢L €€ ———- 9 4 00°'T 0°¢ €92
no-TInd 006¢L 2" ———- L 38 G6° 6'2 ale
300-TTNd 000°6 ™ 2T eg’ 00°1T (449 ofe
Ino-T10d 006°g 1€ m——- 8° ot* CE'T et lez
Jno-Tng 000‘g oy’ g gt 00°T T 22
ano-tIng 0068 26" L ge” £6° g8°c 092

no-Ting 00G¢L fol € 40° 0s'e g€ 9ge <
Jao-Tmg 006¢L 6€" . 21 <N 0g* [4¢ ¢ cge
Jno-Tmd 000°g of* 9* 61° [+ o'y 062
Jno-TInd 000‘L €€ m——- I g 08T 6°€ 062
ano-TIng 000°L g2 -—-- 4 60° 09°T £ c6e
no-Tmd 000¢L cer € Lo* Go'e o'n 162
Fno-Td 000°L [45 6* 1€’ o' T R 882
ano-TIng 000°L 92* 4 gT* [ gt £62
dn-1T0g 006°L er* --=- g 6g° 05'T 21 9T
dn-1rnd patTels 00L L [ ——— 6" o%"T 09°T Te €91
dn-TTg 00g“L (44 L 86" Ge 1 7T 19T
dn-tmng olo‘g e 6* ge” G6* g€ ™e
dn-TTg 0l9‘g 62" 6 6€" cet 48+ ™e
dn-TTng 00s‘g @ 9 a2n* (<30 o 1 ™e
dn-TT0g 008‘9 one 4] on't 08° Y 4%
dn-T1nd 0L6°9 09° €2 921 cg* Ty 602
dn-TTnd 000¢1 16° 92 19°1T 0g* RS €12
dn-11ng 020°L " 8T el 1t [4°} £t e
dn-TIng 0006 09° ——-- G2 LL: g€ €91
dn-1Ing 0006 oy* —.—- 22 -~ 2g° 92 49T
dn-Tng 000°6 64° -=-- 92 88°'1T og* 62 98T
dn-TT0g 0006 ot* - 2e [ 88" 22 981
dn-rrnd 3dnaqy oot ‘42 8L* 12 6Lz 6L 92 28T
dn-Ttnd qdnaqy 006 42 HL* g1 gate oL* o'e 85T
dn-tnd 3dnaqy 000°G2 &n° ==-- €1 Lo*€ +g° g° hyas
dn-Tind gdnaqy oGe G 29° 1°2 0T og* 9°e 78T
dn-prnd 3dnaqy 002‘se 69° 45 2g8'2 oL* 61T 96T
dn-Tred 3dnaqy 00T‘¢e 6570 ae- 2T £6'2 08°0 g0 921

Jowrpar) |2 Gl ) (039)
avhv Aowm SUBTPEL) 298 /susBipel 298 Lrav
syTemeN dg m%:ﬁﬁd 6 ‘A31o0TaA (go@8/sustpET) Ip/ep  ‘agux Y ‘puol xymad ‘quewaIouT a Emsw& aweTdITy
sxngsalg ' renfuy Horamrore008 I03BASTR XUR YowaI o3 awil X03083-PBOT A “paadg
JeTnduy

PONUTRIWO) - VIV IHOI'LA 40 MOILVINAVL -°II FIEVI




¢ ]
o
3 \%
—
[aY
dn-TTnd 3dnzqy oom“m 6a* 5 18" 06T (348 T )
3 vk | o ol e | # 7 i i
=T TR TH ) ‘ N ‘T * ]
An &_‘ﬂmm Eﬂm M:d-.mum 08“3 gg* mﬂ. €T mm.m m.ﬂ omm L o2
n-TTnd 3dnIqy 00T“0T =" H* 0g* 1589 . s
M dn-Tnd syeTpemIsyuL 000°E --=- 1 G 9g* 91 1 me
= dn-Tnd 338TpamIajul ’ 000‘G m——- 9T* 92* of" 06T T 961
[ dn-Tmng 004°g ge* - 9n* LL: 0E'T e 10z
dn-TTng 0068 {3 ot* 19° cL* 00'T (449 102
dn-1tng 005‘g g2 #e* 0G* 98* Ge'tT e 1028
dn-Tmd 005‘g 98" 1 26° 48° [484 1 989 78T
dn-1Img 005“g [ T’ £¢* 98* Ge'tT 9°T H8T
w::-ﬁ.?m owmmm mw. en’ 0g* g mM T L1 +9T
-Td 005°g 2* T2 29* 08* €T T T
Azsa00e1 pue sdn-yind dn-1mg 00G°‘g €2 45 el AL* 00°T w..n Mmm
adniqe yo uotjom dn-Tg 005°g €2 eE” oL* 69° . (4544 L't 612 ﬁ
Toaguod up £pnys y < dn-TTng 005‘g €e* on* [“4d 6L G6* 9'T 612 61
dn-1T0g 006°g =4 98" G6* Lg* 02T 61 612
dn-TIg 0068 g - e G9* 0T . Lt 9T 102
. dn-TTng 006°g £g* og* gg* 28’ GI°1T (43 02
dn-Tng 006°g 9g* e’ 16 02T 0£°T 9T 102
dn-Tmng 006°g . Le* oG’ Lg* 481 08 102
dn-Tmd 006°g Lz* w* G6* @1 o't 9°T +9T
dn-Tmg 00s‘g €e* e es’ 6T°T 00'T Tt +9T
dn-TTnd 005‘g of* o’ LY 41T 09°T 8T 49T
ﬁ dn-1Tnd - o0s‘g oE* (<M Lg* Lt 06" T 61T wgT
Jno-TId 005‘6 L1 = or" se" on°t 21 2ge
qno-TTnd 006°6 T’ ---- 62* 92* 056'T 21 961
Jno-TTd 0066 et -mu- JAY 60° 00°2 [489 441
qno-TTnd 0056 60° -—-- 62* 4% 0072 g° 06T
300-~TTd oomnm JAY -=-- g* 9€E" @1 Lt 63 gt
gno-TInd 0056°6 1% m=-= 9e" 3 gE'T (44 n<e
ano-Tmd 006‘6 €T mu—- of* € GL'T Tt <61
gno-Tmd 005‘6 0z’ - il ---- 1 9°T <]
300-TTd 0066 ° e 12° 60" 06°T L bl
Jno-TInd 0066 g1* -=-- €n* ec 05T 0T ooz
dn~Trnd dreqg 000°0T ——- jasas g” of* 96* 02 0EE )
dn-Tnd daeyg 000¢0T m--= 13" 9g* Le: GL* 6T OEE
dn-Tnd drsyg 000‘0T 06" ¢6* es’ g6° 0°e 00E
dn~Tmd dreyg 000°0T 18" €9° g2’ lg* 2 00E
dn-Tnd dreys 00001 %6° 09* L L6* 18 olz It
dn-Tnd dreqg ooono.n Bl en* #9* 19"~ 00°T 6°1T oLe
dn-Trnd dreyg 00001 mn— oL’ Lg* eg’ oT°1T 9°2 one
du~Tnd dreyg 000°0T ---- €2'1T 6g* 0g* o1'T 22 one
dn-Tnd dreyg 000°0T sme- 96* 98° 26°T £6° 8 o128
dn-Tmd drsyg 000°0T - 00°T w9* 0g°'T .86 6°T otie J
Fno-TInd 002‘g m—-= ---= 0g° 20° LE€ o' 410
gno-TT0d 008y 444 el al: @2 LE°T 29 062
a awa-ﬂ:m mmm”w.ﬁ wuﬂ sa-- m».ﬁ 60° mwé a'¢ 33 L -
n-Tnd T84S : RN 8" o’ oL* 82 09T
ano-Ttnd ‘edeTs 37TdS ooom. [« 8 ---- of* €0* 00°2 2 0ge
Fno-Td 0L9‘g 820 me-- on* 0" gt LG ooh
no-TIng 008‘g m=--= === 06°0 20°0 00°2 o 96¢  J
& 'y
mvhv noam\mnnscuv (098 /suatpal) (298) oy (uda)
sYTBUaY dy  ‘opnyTiTe g ‘Aq100T8A Amomm\mqm.@.mkv 9p/9p  ‘°%mx X ‘psoT yead fquamaxouy ap & swetdIiry
angeaxg * asmnIuy UOT3BIST2208 J03BASTS °XBY YJIBAI 04 SWLL 203:083-PBOT poadg
xeniuy

=
—

PIPNTOUO) - VIV JHOTL 40 NOILVINHVL -*II ITEVD




NACA TN 2103 15

6

_J+— +6
A/

0 5 /0 /5
Time, sec

Figure 1.- Typical time histories gshowing method by which the slopes
were taken.
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