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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

Unit Abbrevia- Unit Abbrevia-
tion tion 

Length __ ____ I meter _______ _____ ______ m foot (or mile) ___ ______ ft. (or mi. ) 
Time ________ t second ______ __ ______ __ _ s sccond (or hour) ____ ___ sec. (or hr.) 
Force ________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

Power ____ ___ P horsepower (metric) _____ ---- ------ horsepower __________ _ hp. 
Speed ___ ___ _ V {kilometers per hour ______ k.p.h. miles per hOUL ___ ____ m .p .h. 

meters per second ___ ___ _ m.p.s. feet per second ________ f.p .s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9.80665 

m/s2 or 32.1740 ft. /sec.2 

ltV 
Mass=g 
Moment of inertia=mP. (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-4_s2 at 

15° C. and 760 nun; or 0.002378 Ib.-ft .-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 lb./cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of '\ying 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure=~p V2 

Lift, absolute coefficient OL=:S 

Drag, absolute coefficient OD= ~ 

Profile drag, absolute coefficient ODO=~S 

Induced drag, absolute coefficient ODt=~S 

Parasite drag, absolute coefficient ODP=~S 

Cross-wind force, absolute coefficient Oc= q~ 

Q, 
fl, 

Vl 
p-, 

J.I. 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resul tant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infmite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lift position) 
Flight-path angle 

R, Resultant force 
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REPORT No. 604 

PRESSURE· DISTRIBUTION MEASUREMENTS AT LARGE ANGLES OF PITCH ON FINS 
OF DIFFERENT SPAN·CHORD RATIO ON A 1/40·SCALE MODEL OF THE U. S. 

AIRSHIP "AKRON" 

By J >HIES G . McH uOfI 

SUMMARY 

Pressure-distribution measurement on a Xo -scale model 
oj the U. . ail'shiZl «Akron" were conducted in the 
N. A . . A. 20j oot wind tunnel . 

The measurements were made on the staTboard .fi71 oj 
each oj jour ets oj horizontal tail urjace, all oj approxi
mately the same area but #ffering in pan-chord mtio,jor 
five angles oj pitch varying jrom 11.6° to 34°, j or jour 
elevator angle , and at air peeds ranging jrom 56 to 77 
miles per hour. P I'essul'es were also measured at 13 
station along the real' half oj the port side oj the hull at one 
elevator setting jor the ame five angles oj pitch and at an 
a-ir peed oj approximately 91 miles per hour. 

The max·imum pressures recorded on the leading edge oj 
the fin ,jor pitch angles up to 20°, weTe apl))'oximately the 
same j or all fins Ie ted regardle s oj span-ch01·d ratio . At 
angles oj pitch aboz·e 20° the maximum.fin pres ures in
creased with decreasing span-chord ratio. A negative 
pressure oj 13 time the dynamic ZJressure oj the undi -
turbed air stream wa mea ured on the fin oj lowest span
chord 1·atiu at a pitch angle oj 34°. The pitching moment 
contr'ibuted by the ajter lJottion oj the hull increased with 
pitch until, at the maximum angle tested, it was approxi
mately equal to the moment contributed by the fins. The 
n01'maljorce on thefin and the moment oj jorces about the 
fin root were determined. The results indicate that, 
ignoring the effect on drag, i t would be advantageous jrom 
structural considerations to use a fin oj lower span-chord 
ratio than that used on the « AkTon." 

INTRODUCTIO N 

The task of obtaining load measurements on a full
scale a ir hip in free {light j difficult and, consequently, 
only a small amount of reliable nigh t data on air hip 
loads i available. Many wind-tunn el te ts of cale 
models have been made but, since the cale of an air hip 
model for wind-tunnel te Ls must of n ece ity be very 
small , the result obtained are in ome ca e of qu es
tionable value. 

The results of previous pres ure-cli tribution mea ure
ments on the hull and fins of a relatively large (Xo
scale) model of the U. S. airship Akron fitted with 

---- - - - - --

fins of the type u ed on the full- cale air hip and te ted 
at angles of pitch from 0° to 18° are pre en ted in 
reference l. Although uch a range of angles of pitch 
would not b exceeded under normal operating condi
t ions, it appear possible that mu ch larger angles of 
pitch might be encountered in evere gust . TO 

Fra URE T 'r be 3-1o-sca le model of the Akron mounted in Lhe 20-[oot wind tunnel 

information concerning the magnitude of fin loads and 
pressures encountered at larger pitch angle has been 
available, but the results of reb'ence 1 indicated that a 
high concentration of lond near the tip would bE' 
obtained. 

At the reque t of the Bureau of Aeronautics, Navy 
Department, th inve tigation herein reported \\' ,1 

made to obtain information concerning loads at high 
a.ng les of pitch and to determine good fin proportions. 
The Xo- calc air hip model u cd in the innstiga tion 
reported in reference 1 wa te ted through a rang of 
pitch angle from 12° to 34° with the obj ect of deter
mining: (1) The eHect of span-chord ratio on the aero
dynamic forces acting on the fins of airships; (2) the 
effect of slots between the :fin a.nd the hull on pressure 
distribution oyer the fin; and (3) the effect of changes 

1 
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in fin span-chord ratio on pres ure distribution over the 
hull . 

It is believed that the relatively large scale of the 
model here used, the high pitch angles included, and the 
fact that simultaneous measurements of pressure were 
made on both surfaces of an entire fin greatly enhance 
the value of these results. 

APPARATUS AND TESTS 

The airship model used in these tests is described in 
detail in reference 1. The method of mounting it in 
the wind tlmnel is hown in figure 1 and is essentially 

ends of the copper tube in such manner that they pro
truded through the inboard edge, gluing the two halves 
of the fin together. The ends of the copper tubing 
projecting through the fin surfaces were ground flush, 
thereby forming a smooth pressure orifice. 

Four ets of horizontal tail surface, designated 
Mark II fin, fin 3, fin 3- A, and fin 4 (figs. 3 to 7), all of 
approximately the same area but of different span
chord ratios, were tested. The M ark II fin was the 
type used on the Akron. Fins 3 and 4 were basically 
similar but their span-chord ratios were changed by 
cutting areas off the inboard edge and adding an equiva-

I 

B 106.45" - /26.42" - 146.40' - 1666/"-',-1 7858 - 0, --1-"'- -'-1-;"--<10, 
I ~- ~ - ~- -~-r+I ~1 .. ~ ~ ~ ~ : ~ : 

I I 

(a) 'l'ypical sections in direction B-B at 
stations 14 and 16 sbowi ng radial loca
tions of orifices in hull. Orifice mark
ed X at station 16 only. 

--______ --:-'c __ 

I 14 

B 

(b) 'l'ypicalsections indirection B - B at 
stations 15 and 17 sbowing radial loca
tions of orifices in hull. 

I 

15 16 17 18 19 20 21 22 23 2Sc6 

, 24 
I I 
I I 

" I I ,-___ ____ _ -1_ / 

(c) Typical sections in direction B- B at 
stations 1 ,19,20, and 21 sbowing radi
a l locations of orifices in bull. Two 
orifices marked X at stations 18, 20, 
and 21 only. 'l'bree orifices marked 
Y at station 18 on ly. 

(d) Typical sections in direction B-B at 
stations 22, 23, 24, 25, and 26 sbo wi ng 
radial locations of orifices in hull. 
Two orifices marked X at sta tions 22 
and 23 only . 

l'IGU RE 2.- Lorations of orifices for tbe pressure measurement on a J4o-scale model of tbe Akron. All dimensions given in inches. 

as described in reference 2, with the exception that for 
the e tests the model was suspended 3% feet above the 
center line of the tlmnel. The te ts were made in the 

. A. O. A. 20-foot wind tunnel (reference 3). 
In order to determine the effect of different fins on 

the pressure di tribution over the rear part of the hull, 
162 pre ure orifices distributed among 13 tations on 
the port side of the model were used. The location of 
the stations and the di tribution of the orifices around 
the hull are shown in figure 2. Principal dimensions of 
the hull and fins are given in table 1. 

The fins were of laminated wood. Pre sure orifices 
were in taIled by splitting the fins at their plane of 
ymmetry, drilling mall holes at the point where 

pressures were to be measured, inserting short lengths 
of X2-inch (inside diameter) copper tubing therein 
until they protruded a minute distance beyond the 
outer surface of the fin , and then, after alining the free 

lent area at the forward part of the fin in uch manner 
that the po ition of the elevator axi , the edge shape, 
and the radius of the tip plan form remained constant for 
all fins. Fin 3- A was similar to fin 3 except for a 
change in the plan form of the forward part of the fin. 
An additional type of fin was obtained by altering the 
Mark II fin so as to form a slot between the inboard 
edge of the fin and the hull of the ship . Two slot widths 
(% inch and % inch) were used. The longitudinal 
location of the slot on the fin, which corre ponded to a 
location between frame 0 and frame 17.5 of the full
scale air hip , is sho'wn by dotted line in figUl"e 3. 
Figure 8 shows the fin with lot mounted for tests. 

Pres ure orifice were installed in pair on fins 
Mark II, 3, and 4. One orifice of each pair opened on 
the upper surface and the other, on the lower sUl"face 
of the fin . In the case of fin 3-A, pressUl"e orifices 
were installed only on the upper surface. On all the 

--- .------------- --
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;6.n the pressme orifices were located to facili tate 
fairing of the pres ure diagram ; the location are 
shown in figme 3 to 6. 

T wo mul tiple-tube photographic recording manom
eter , each compo ed of a circular bank of 100 glass 
tube, were mounted on pivot in ide the model and 
were free to swing abou t a horizontal axis a t right 
angle to the longitudinal axis of the hip, thu allowing 
the manometers to remain level for any an o-Ie of pitch . 
The manometers were electrically operated by r emote 
ontrol from the test chamber floor. Photostat paper 

\Va au tomatically drawn around the outer circum
ference of the bank of tube, and exposure was made 
by fla hing a lamp at the center of the bank of tubes. 

Two simultaneous record , one for each manometer , 
gave for one pi tch angle a complete diagram of the 
pres ure eli tribution over both sm'face of a fin. Two 

PRE SURE MEASURE MENTS ON FI N' 

[NO pressure-distribution measurements were taken on t he elevators] 

Fin 

M ark II , _____________ _ 
Mark f L ______________ _ 
M ark II, %-inch slot. __ 
M ark II, %-inch lot __ _ 
3 _____________________ __ 
3- A ___________________ _ 
4 ______________ __ ____ __ 

, With counterbalances . 

ElevatOr angle 
(deg.) 

0,10, 20 
20 
20 
20 

- 15.0, 10,20 
- 15, 0, 10, 20 
- 15, 0, 10, 20 

ACCURACY 

N ominal 
pitch angle 

(deg.) 

12, 1 , 24, 30. 36 
I .30 

12.1 , 24.30 
12, 1,24.30 

12.1 , 24 ,30, 36 
12, 18, 24 ,30, 36 
12, 1 ,24 ,30,36 

Ap prox i
mate 

velocity 
(m . p . h .) 

R9 
ii 
77 
77 
74 
56 
,56 

The ource of error that affect the pre ure-di 
tribution measurement are: 

(1) Error in measuremen ts of the manometer de
flection. 

nevalor ABC D E F G H [ Slar/on. 
axis --'1-2.20 1.2~.3~65 6.(5 11.07 15.,17 1. 59, 18;45 20.91 23.37 2583 f3ase line 

~~~~~~OO§~ ~ 
1.23 R 

1.72R 

t{)lt) 
<\It{) 
\0 ....: 

Ii "- x: 
G 

...... 
o 

-I,jJ 

f2 

To bow of airship 210.14 
--------------3 /.59--------»1 

F IGU HE 3.- Di mensions a nd ori fice loca tions. Mark II tin ; 14o-scale model of tbe Akron; slot locations are shown in dotted lines; a ll dimensions given in inches. 

se t of p ressure mcasw'C'l11c nts wC're mad e at each pi tch 
angle a nd an n ve l'n.ge of Lhe two records wa used in 
plot,ting the pressu rc diagrnm. Tn order Lo I rovide a 
reference linE' 0 11 t he pres ure records, six of th e glass 
t ubes paf'eci equidisLa ntly a round Lh e manometer 
were f'o nn ected Lo the refe rence p res ure, wh ich for 
these te ts was the s La tic pre sure in the te t chamber . 

With the exception of the Mark II fin , which was 
te ted with and without elevator counterbalance, all 
fins were tested withou t counterbalance . In all ca e 
the control car wa installed on the hull of the model. 

11 pres ure-di tribu tion measurement were made on 
the tarboard fin and [or all fin tes ted the vertical fins 
were of the Mark II type with rudder neutral and the 
airship at 0° yaw. 

The test herein repor ted are listed in the following 
table: 

P RESSURE MEA URE ME JT ON H ULL 

Fin 

JIi[ark II ____ _ ______ _ 
3__ __ _ _____ _ 
4. __ ______ ___ ____ __ __ __ 

E levator 
a ngle 
(deg.) 

Toroinal 
pitch angle 

(deg.) 

20 12. I ,24, 30, 36 
20 12, I , 24,30, 36 
20 12, 18, 24, 30, 36 

Approxi 
mate 

velocity 
(m . p. h. ) 

91 
91 
91 

(2) Oscilla tion of the manometers. 
(3) F luctua tion in veloci ty and direction of the all' 

sLream. 
(4) Shrinkage of the photo tat paper. 
Tb e error due to (1) is con idered to be ms 11 . The 

errors due to (1), (2) , and (3) are of the order of ± 2 
percen t for low pitch angles. At high pitch a ngles 
the error is con iderably greater, as shown by compari
son of check tes t . The errors from (4) were found, in 
general, to be less than 1 percent for all ca e . 

RESULTS 

The great amount of data derived from thes tests 
makes i t impractical to presen t them in their entirety. 
Con equ ently , only th portion required for the fi nal 
analysi of the result is presen ted. 

Final re ul ts of the pressure measuremen ts are p1'e-
ented in terms of dynamic pre sure Q of the air stream. 

All pressures are referred to the tes t-chamber pre ure, 
and no corr ction has been made for the difference 
between the tatic pressure in the air tream and the 
reference pre ure. Application of this correction. 
would have no effect on the inteo-ra ted value of normal 
force on the fins. Pres ures were measured on. both the 
upper and lower surfaces of the fins (excep fol' fin 

-----_ .. ----
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o B 
/.23 

C 
6./5 , 

D 
/1.07 

E 
/599 , 

_---- I 

7.26 

8./~-Widlh of fin 

"l.------ To bow of airship 210.14 

F'. G H 1 J Station. 
2091 23.38 25.95 2B.31 3077 , Bose line 

y '- . 

6.39 5.95 

36. 70. 'I 

FIGURE 4.-Dimensions and ori fice locations. Fin 3; )4o-sca le model of the Akron; all dimensions gh'en in inches. 

I I E' F G' H H' I' J J' Stolion 
,-Bose l ine 

li 

No te: Comple te ori f ice d imensions 

------------------- 36.70 ------------------------------__ __ 

F F' G G' H H' I J' J J' 
6.15 1107 

Sial/on E' 
/5.99 20.91 23.38 25.8528.3/ 30.77 80se line , 

, 1.96 , . 
I ~/.56 

:2.68 , , 
This fm some as fin 3 :429 
from this point oft ---->, 

:6.00 
: ~ 

7.26 

Width of fin 

, , 

See f"n/orqemrnl for 
a/her dimensions 

.:' 

~ 
'I} t2 

c:i 
<\j 

S!-
..(:: 

r 
Ci 

"--
0 
i:lJ 

~ ---- , 10.25 
/1.07 ~ ----------- - ---- - ----36. 70. ---------------..J 

4.82 - ,1 3:2 ·,!.~~----------To bow of airship 210..14 

FJGUHE 5.-Dimensions and orifice locaiions . Fin 3-A ; Yio·sca le model of the / tkro'll; all dimensions gh 'Cll in inches. 

--- ------- --- -- ------
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Eleva/or A 0 B 
axis - - ,,-2.20 1.23 

1.72R 

L.:::S.12 ->;< 

C 
615 

D 
/1.07 

E 
15.99 

. 6.51 

7.4Z •. Widfh of fin 

------Ta bow of airship 210.14 

station F 
23.38 

G H 
28.3030.77 

4.45 

--42.55----------____ >1 

FIGt"RE 6.-Jlimensions and orifice locations. Fin I; Ilo-sca le model of the _I kron; all dimensions given in inches. 

FIGURE 7.- 1'he fins on which pressure-distribution measurements were made. 
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FIGURE .- M ark II fin with ~-i nch slot, moun ted for tests. 

3- A ) and the effect of the tatic-pressure correction 
would be to shift the position of the pressure diagram 
without cau ing any change in the included area. The 
influence of the static-pressure correction on the point 
pre ure would have been small. A tatic-pre sure 
survey of the tunnel, made in the absence of the model, 
showed that the maximum difference between the 
ta tic pres m e in the te t chamber and the static 

~ I.-.-.-.-'-'-'--'-r-r-r-'-'-'-'--'-'-~ 

~ O~r-r-r-r-t-t-~±=+-t=T-~--~-~--i=--~--=-~- ~--1~ 
~ ~--
\), ;--

. _ § -2 - - -- --
12,. 
\:) \:) Indical es correc t ion app /t'cable fo:-
~ :s, 2 f-- ------ -- c;. dota in r e fer en ce 1 -1--1--1--1 
It) ~ all .. .. p r e senf in v esfiqafion 

I ~ ~;--~t--+~~~~~~~r-t-t-+-+-~~-r-r-+-i ·S o 0 t-t-_ 
'I: oJ 
~ ;--t-t-
§ -2~~+-+-+-~~~~---~-~--+-~--~--~- =--~- ~ .. -~-~--?--~-~--~-=--+-9 

-<:: 
~ 0 
is. 

4 8 12 /6 20 24 28 32 36 
Measured pitch angl e, deg. 

FIG URE 9.- Variation of air-stream angle in region of starboard fi u with measured 
pi tch of model. 

pres ure in the region of the airstream through which 
pres ure measurements were made was of the order of 
0.005 q. 

A preliminary comparison of the results of these 
te ts with those reported in reference 1 howed poor 
agreement. Since the only essential difference in the 
set-ups wa the location of the model above the center 
line of the air stream, 3 }~ feet for the present tests and 

1 foot for the te t reported in reference 1, the lack of 
agreement was thought to be due to the fact that the 
flow characteri tic of the air stream were differen t at 
the two model locations. A tream-angle urvey of 
the ail' tream confirmed thi belief. Figure 9 hows 
the variation with pitch of the model of the s tream 
angles at the tail of the model. The re ults have been 
corrected to take account of the pitch angle in th e ail' 
stream. No correction has been made to take acco un L 
of the yaw angle in th e air stream. 

It is desired to call a ttention a t this time to the fact 
that the pressur s on tl1e upper surfaces of the fins 
were much greater than had been anticipat.ed. Con
sequently, at high pitch angl es, for Lh e first of thp tests 
made, some of the negati ve pres ures neal' the tip of the 
fin were 0 great that the liquid in the manometer tubes 
rose above the height of the photo tat paper on which 
the magnitude of the pres ures wa to be r ecorded, and 
con equently no determination could be made of the 
maximum pressure . In ca e where only a few 
pre ure were indeterminate, judO'ment was used in 
fairing in the pre sure diagram . In ca e where 
everal pressures were indeterminate, the test in 

que tion were repeated at a lower air speed. E ven
tually all efforts to obtain te ts at a high air peed were 
abandoned and, during the latter part of the proO'ram, 
test were made at an air peed low enough to in nre 
that all pre ures obtained would be recorded on the 
photo tat paper. 

In certain case at high pitch angles where check 
readings were taken at interval of appro)"TInately 1 
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FIGURE H.- Pressure distribution 011 hori zonta l fin of the Ho-scale model of t he Akron at various pitch angles . Mark Il fin (counter balances removed); ? -inch slot; 6 . ~ 20°. 

minute, a, great difference in pressures was recorded. 

This difference indicated that at extremely high pitch 

angle (8= 22° to 34°) the forces on the model were 

fiu ctuating rapidly, probabJy owino- to in tability of 

the air fiow . At times the model wa observed to 

undergo violent pasmodic quiver. This motion was 

proba bly du e in part to the fluctuation of aerodynamic 

force on the tail of the model 
D efinitions of the term used in this report follow: 

0, pitch angle . 
De, elevator angle. 
w, hull orifice location, measured from keel III 

degree. 

q, 
p, 

F , 
S, 

normal force on fin 
qS 

dynamic pressure (1/2 p V 2) . 

mas den ity of the air . 
air speed . 
area of fin. 

(maximum span of fin ) Z 

Fin ' pan- hord ratio , nrea of [in 

p, observed point pres ure. 
1 ii:3730-:;l7-- 2 

PRESSURE-OlSTIUBUTI ON MEASUREMENTS ON THE F I S 

The magni tude of the maximum pre ures and the 

manner in which the pressure varies over all the fins 

are illu trated in fio-ures 10 to 15. Large- cale pre ure 

plots of p/q again t fin width were made and the 

pre sure diagram thu Jormed were graphically inte

grated to deterrrun e the normal force pel' unit length at 

each tation along the fin . Similarly, the panwise 

location 01' the center of pre sure at each longitudinal 

station on the fin wa determined. The values of the 

normal force per unit length of fin ancl the moment of 

that force about the fin root are o-iven in tables II to 

VII for each station on the fin at which pressure-di -

tribution measurement were made. In order to how 

the variation of normal force on the fin 1 there are 

included, for the variou fin te ted , typical plot of 

normal force pel' unit length against length of fin for 

the con clition of De= 20° (fig. 16 to 22). AI 0 incl uded, 

for the same fin s and eleva tor position, are charts 

showing the variation along the fin chord of the moment 

of the force on the [in about the fin root (figs. 23 to 27 ). 

7 
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F IG RE l3.- Pressure dis tribution on horizonta l fin of t he ~~o -sca l e model of t he Akron a t ,·. rious pitch angles. F in 3; 0.=20°. 
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FIGU RE H.- Pre ure distribution on upper surface of horizonta l fin of the ~Io-sca le model of the Akron at "ar ious pitch a ngles. Fin 3-A ; 0.=20° . 
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Curves howing the variation of normal-Jorce oeffi-
ient with pitch angle for various elevator setting are 

given for the three type of fm te ted in fi ure 2 ,29, 
and 30. Figure 2 al 0 compares the result of the e 
tests of the Mark II fin with those reported in refer
ence l. 

The chordwise location of the center of pressure on 
the .fin was determined from the plot of normal force 
per unit length again t fin length. Values of (normal 
force) /q and the location of the center of pressure oj 
fin force are pre ented in table VIII. 

10 
11) 

8 Qj ~ 

6 
.~ ::, 
Cl~ 

4 C-~ 

2. 
~~ 

E. o q 
2. 

Qj~ 4 
~ ::, 
~ V} 
" II) 
UlQJ 

~~ 

the projected di tance of that point on the horizontal 
radiu of the section. The area of the pre ure diagram 
thus formed gave the transver e force pel' unit length 
at the particular tation in que tion. 

The integrated value of j from station 14 aft were 
plotted again t eli tance from the bow of the model. 
The effect at six angles of pitch of different fins on the 
transver e force on the hull is shown in figure 34, 35, 
and 36. There are tabulated in table IX: (1) the total 
transver e force over the r ear portion of the hull, 
which was obtained from graphical integration of the 

Data incomplete " 
due to PIUggrd tubes 

: ~~/ 

/ 
F' 

------- / B - _______ _ B 

16___ ~~-------- 'A _________ -- ________ --- 'A __ __-- A 

8 =//.6°, q =7.96 8 =/7.0~ q :7.95 8 =Z2. 5~ q =7.93 8 =Z8./~ q =7.88 (J = 33.9~ q =7.73 

F ,GURE 15.- Pressure distribution on horizonta l fin of the J4o-sca le model of Lhe Akron aL "arious piLCh angles. Fin 4; 6,=20°. 

Figures 31, 32, and 33 how the variation with pitch 
angle of the maximum point pre ure at each station 
at which pre ure-distribution mea m'ement were 
made. 

PHESSUHE-DISTRIBUTfON MEASUHEMENTS ON THE HULL 

The value of the tran vel' e force per uni t length at 
any tation on the hull i given by the expression 

dF 1' 211" j = dx = 0 pr cos wdw 

where F i the total tran verse force per unit length. 
x, the distance from the nose of the hull mea -

ured along the longitudinal axis. 
r, the radiu of the hull. 
p, the pre ure on the ection at a point whose 

angular distance from the keel is w. 

A graphical solution of this equation wa obtained by 
plotting the pre sure at each point on the hull against 

area under the curve shown in figmes 34, 35, and 36; 
(2) the moment about the center of buoyancy of the 
transver e forces on the rear portion of the hull; (3) 
the normal force on the various fins that were used on 
the model when the hull pre sme were measured; 
(4) the moment of the fin force about the cen tel' 
of buoyancy; and (5) the total momen t of the 
combined hull and fin forces about the center of 
buoyancy. 

Figure 37 show the effects of the different fins on 
the moment, about the center of buoyancy, of the 
transverse aerodynamic forces acting on the (in find 
on the rear portion of the hull. 

In order to facilitate the application of model te t 
re ults to a full- cale airship, there is included in table 
X the location of the structural frame on the Akron 
and their corre poneling location on the }~o- cale 
model. 
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14 R E P ORT o. 604- NATIO NAL ADVI ORY CO MMITTEE FOR AER O TAUT! • 

DI C SSION 

The result of the e tests confirm the conclusion of 
reference 1 concerning the pre ence of very large pres
sure near the leading dge of airship fin . Figure 31, 
32, and 33 show thn,t the maximum pressure record ed 
(p/q= -13 .0) wa obtained a t the tip section of fin 4, 
at the 34° pi ch angle. At the arne pitch angle the 
ma).."imum yalue of p/q obtained on fin 3 was -9 .9, and 
the maximum 1'01' the M ark II fin was -6.4 . Inspection 
of figure 31, 32, and 33 also reveals that, although the 
maximum value of p/q con tinued to in rea e on fin 4 
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FIG UR E 37.-Compa risoo of pitching moments acting 00 the Ho-scale model of tho 
Akron when fitted with diIToront horizonta l flus ; 6,=20°. (]?orces 00 elevutJrs 
neglected .) 

up to the maximum angle a t which Le t were run , the 
"\ alu e or p/q obtained on fin 3 reached their maA"imum 
valu e of - 11.1 a t 0= 29° an d on the M ark: II fin the 
maximum value (-9 .2) occurre I at 0= 2 0 . It is of 
fur ther intere t to note that, although at the highest 
angles of pi tch at which te t were made the greate t 
pres ure recorded was that ob tained on fin 4, the 
maximum pressure obtained for all pi tch angles below 
20° were appro).."imately the ame for all fin . 

Attention i called to the fac t that the pres ure cited 
were obta ined from faired curve and that, ince th 
peak pressure would not necessarily occur dir ctly a t 
the poin ts at which the orifice were located and since 
the lope of the pressure diagram change from a very 
laro-e positive value to a very large neo-a tive value in 
th vicini ty of the maximum pre sure, i t is conceivable 
th at o-reater prc ures occurre 1 th an those given. 

Th effect of lot between th e hull and fins on the 
locati n of the spanwi e center of pres ure was d ter-

mined from larD' - u, \ ~ pre ~ \.lr e diagrams of the type 
shown in fi gures 10, 11 , unci 12. It was observed tha t 
neith l' thr ~ -inch lot nor the %-inch lot had mu ch 

n'e t nt pi tch angle below 17°. At higher pi tch angle 
the effect of either slo t wa.s to increase the negative 
press ure at the fi n root, t h LI S hif ting the center of 
pres,;ure inboard . The hift wa mall , however , and 
was greater [or the Y-inch slot th an for the %-inch slot. 
The maximum movement of cen ter of pre nre obser ved 
occurred on station D and at 0= 30° where the movemen t 
amoun ted to about 4 percent of the span o[ the fin at 
that stu tion. A compariso n of figure 18 a nd 19 with 
figure 17 in conjunction wi th table VIII revcals that at 
the 17° pi tch angle, except for an increase in norm al 
force in the vicini ty of the eleyator axi ,neit her lo t had 
an appr ciable effect on the normal force or its chord
wise di tribu tion on the fin . At higher angle of pitch 
laro-e fluctuation in force occurred !tncl the pred iOIl 
of the test 1'e ul t is not con idered D'oocl enough to 
draw d fini te conclu ion concerning the efrec t of th e 
slots. The effect, howeyer , i considered to b mall . 

Figure 16 to 22 how that fin of low pall-chord 
ratio have a more nearly uniform load eli tribu tion 
along their chord than doe the Nlark II type of fin , 
and therefore from tructural co n iderations, provided 
the effec tiveness as shown later is qual , th e low span
chord ratio i preferable. 

The variation wi th span-chord ratio of the fin normal
force coeffi cients can be determined from !til inspection 
of figures 2 ,29, a nd 30. The coefficion ts for the Mark 
II fin are, in general , greater than for either of the other 
fln s. At high angles of pitch th e coefficients for the 
Mark II fin begin to cl ecrea 0 with fur ther increa e in 
angle of pi tch . Th c shapcs of thc cun-es for t he other 
two fin are not 0 clearly defin ed because of erra tic 
r ults at Im'ge angle of pitch . 

It is in tere ting to note from in pection 01' fi gures 2 , 
29, and 30 that the slope of the Clll've of ON again to 
cl ccrea 0 as the pan-chord ratio of the fin s decrease . 
This decrea e is in accordance with the principle that 
tho decma e in spun-chord ratio decrea es tho effective 
a pect ratio of the tail. 

It ha previously been pointed out in this report that 
original co mpari on of th e e te t resul t did not check 
the re ult of reference 2 and that the discrepa ncy dis
appeared to a large extent when correction were made 
to take accoun t of th air-stream-angle ,-ariation in the 
wind tunn el. Figure 2 , which show values of o.v 
obtained in these te t and corresponding value of N 

from reference 1 plotted against corrected pi tch angl 
(fig. 9), co mpares the two sets of data. It is to be 
no ted tha t agreement i , in general , satisfactory. 

The da ta obtained in th ese tests indicate th a t the 
plan form of the forward par t of the fin i an importa nt 
item in fin design. F io- ure 22 shows a co mpariso n of 
the forces acting 0 11 the uppcr surfa ce of the tips or 
fill S 3 and 3- A. Pressure were no t measured on the 
lower tn·face of fin 3- A and it is therefore impo flible 
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to compare the total force on the two fin. It is be
lieved, however, that a comparison of the forces regis
tered on the upper surfaces shows the relative merits of 
the two different plan form. Inspection of figure 22 
leads to the conclusion that the effect of modifying the 
fin tip wa to decrea e the force over the .forward p 1'

tion of the fin, presumably becau e of the decreased fin 
area forward, an 1 to increa e the force in the region 
between the elevator axi and the fin tip, thu in effect 
shifting the center of pres ure toward the elevator a}..ris. 
The peak of the pre ure diagram occur farther in
board on fill 3-A (fig. 14) than they do on fin 3 (fig. 13 ); 
a1 0 , the magnitude of the pre ure near the fin root i 
greater on fin 3- A. 

A compari on of the chord wise force listribution 
cnl'\res shown in figure 16 with imjlar curves in figure 
17 leads to the conclusion that for the condition of 
0.=20° the effect of the elevator counterbalance is 
to decrease the normal force on the rear part of the fin. 

The chief criterion in the election of tail mface for 
airships i the ability of the smface to give adequate 
stability and control. In view of the fact that a larere 
proportion of the tabilizing for e obtained with fin is 
due to the influence of the:fin on pres ural forces on the 
hull, it is at once eviden t that the meaSlLrements of forces 
acting on the fin alone do not give sufficient infor
mation for the selection of the most efficient fin. The 
magnitude of the press ural forces from station 14 aft 
on the port half of the hull when fitted with the Mark II 
fin and with fins 3 and 4 is shown in figures 34, 35, ftnd 
36, respectively. 

The moment about the center of buoyancy of the 
forces represented by the area under the curve shown 
in fLermes 34, 35, and 36 i shown as a fWlction of angle 
of pi tch in fi gw'e ~7. It. is beli eved that, ince pI' sure
distribution mea urements were made on aU of that 
portion of I,h hull over whicb the fins appear appr ci
ably to inAllence the hull forces, tbe curves of pitching 
momenl. against. 3ngle of pit,ch (fLg. 37 ) preRe nt a, vn.lid 
comparison of the relative stability characteristic of 
the air hip when fitted with the vftriou fin te ted. 
At,tention is called to the lact that, since the pre ure
distribution measmements from which thi chart is 
derived were made at but one elevator deflection 
(0.=20°) , a complete analy is is impos ible. It i 
believed, h owever, that the ame relative effect as 
here shown would obtain for other elevator deflections. 

I n pection of figme 37 indicates that at extremely 
high pitch angles (8=34°) the pitching moment about 
the center of buoyancy due to pre ural forces on the 
rear half of the hull is approximately equal to the cor
responding moment due to the force on the fin them
selves. From the cmve in the lower part of figme 37 
it i to be e n that, except at angles of pitch greater 
than 26°, th stabilizing moment obtained when the 
airship is fitted with the Mark II fill is very nearly 
equal to the tabilizing moment obtained with fin 3. 

At angles of pitch erreater than 26° the M ark II fin i 
somewhat superior. With the exception of a light 
uperiority over fin 3 at extremely high pitch angles, 

fin 4 i inferior to both of the other fins. 
It i de ired to pint out that, altholwh the narrow 

fins appear to compare quite favorably with the Mark 
II fin , the re ult here shown are not conclusiye in that 
they do not how the effect of the varion fins on drag. 
It is po ible that, if the drag of the different fin cou ld 
be compared on the ba is of ei ther cqual lift or equal 
moment coefficients, the fin of low span-chord ratio 
would show up to disadvantage. 

CO CLUSIO S 

1. At angle of pitch below about 20° the maximum 
pre sme measured was approximately the same for all 
fins, regardle of pan-chord ratio. 

2. At angle of pitch above 20° the maximum fin 
pres ur increase with decl'easin er pan-chord ratio, the 
highe t pre ure recorded (P /q= - 13 .0) being that 
obtained on fill 4 at a pitch angle of 34°. 

3. lots bet,,-een the hull and fin , of the type here 
tested, had but little effect on either ma:ximum fin 
pre smes or the position of the center of pre sme of 
fin for es. 

4. The plan form of the forward portion of the fin 
i a critical factor influencing tho pres ure clistribu tion 
on the f111. 

5. The pitching moment about the center of buoyancy 
contributed by the rear h alf of the hull increa e with 
pitch until at an angle of 33° it i approximately equal 
to the moment contributed by the fins. 

6. At any given ano'le of pitch lip to 26 ° the re toring 
moment of the model when fitt ed 'wiLh t11e 11a1'k 11 
fin was slightly less than thn.(, ohtained with fin 3 and 
appreeiably grea ter than that obta ined with fin 4 . 

7. J erlecting the err cL on dra er, it appear that fin 3, 
owing (;0 i ts relat.ively 10 \\- benclin er m O.ll1en t aboll t the 
fin root" bas cerLain structural adYanLage oyer the 
Mark II fin . 

Langley :Memorial Aeronau tical Labora Lory, 
National Advi ory Committee for Aeronau tic , 

Lanerley Field, Va., April 4, 1937. 

REFERE TCES 

1. Freeman, Hugh B.: Pre ure-Di tdbution Measurements on 
the Hull and Fins of a 1/40- cale Model of the . . Airship 
Akron. T . R. No. 443, N. A. C. A. , 1932. 

2. Freeman, Hugh B.: Force Measurements on aI /40-Scale 
Model of the . S. Air hip Akron. T. R. TO . 432, N. A. 
C. A., 1932. 

3. Weick, Fred E. , and Wood, Donald E .: The Twenty-F ot 
Propeller Research Tunnel of the Jational Advis ry 
Committee for Aeronautics. T. R. No. 300, . A. C. A., 
1928. 

I 

I 
I 

I 
I 

---' 



16 RE PORT No . 604-NATIONAL ADVI 'ORY COi\HlITTEE FOR AERO AUTICS 

TABLE I 

DIME SIOl OF THE 1/40- CALE MODEL "AKRON" 

I Length, 19.62 ft.; volume, 115.00 cu . ft.; location of elevator axis, (xl L) =0.9059; eenter 
of bUOysllce. (xI L)=0.464.] 

Area of 
one fin 
(with-

.\ rea or '~ l~a~f Ele- ~[axi · Ma,i- Fin span-chord ratio 
ele\'a- tor --ator ~~ ~~~~ Fin 

Distance (rom bow 
Rad ius (Cir- I 

Distance from bow 
Radius (cir· 

out 
cleva

Lor ) 
(sq. ft.) 

tor counter- chord or fin of nn (m8\':imum span of flU) 2 
(Sf!. ft.) hal.nee (ft.) (ft.) (fL) (area o( fin) 

(sq. ft.) 

I 

length cumscribed length 
x circle) (in.) x - -
L L 

0.00 0.00 0.50 
.02 4. 95 .55 
.05 9. 96 .60 
.10 14.20 .65 
.15 16.65 . iO 
.20 1 .39 .75 
.25 19.12 . 80 
.30 19. 61 .85 
. 35 19 . 5 .90 
.40 19.90 .95 
.45 19. 90 1.00 

cumscribed 
circle) (in.) -----1------------- ---1--------1 

1ark IL __ I. 850 3 ___________ 1.858 
19. 0 3-A ___ _____ 1. i75 
19.59 4 ___________ 1. 38 
19.12 
18. 46 
17. 50 
16.15 
14.44 
12.29 
9.61 
6.52 
.00 

TABLE II 

0.356 0.110 0.396 
. 356 .402 
.356 .402 
.356 -------- .427 

2.63 
3.06 
3.06 
3. 55 

I. 028 
.943 
.943 

0 

0.570 
.479 
.• 500 
.421 

NORMAL FORCE PER UNIT LENGTH OF F IN AND MOME T OF NORMAL FORCE ABOUT FI ROOT OF 
1/40- .. CALE MODEL " AKRO " 

MARl II FI (WITH COU TERBALA CE ) 

Normal force (lb. per ft. length) Iq jVl" oment ((t .-Ib. per It . length ) Iq 

Distance 6. Station from (deg.) o (deg.) o (dog.) 
bow (ft.) 

II. 6 17.0 22.5 28.1 33.9 11. 6 17.0 22.5 28. I 33.9 

------ ------ ------------ --- --- -----
E levator axis _______________ . 17.7 0.160 0.241 0.295 0.336 0.286 0.106 0.160 0.179 0.20 1 0.170 

A 17.69 .195 .302 .361 .424 .325 .120 .1 5 .214 .253 .1 5 
B 17.41 .253 . 425 .527 .666 . 412 .146 · 2~2 .296 .3 0 . 233 
C 17.00 . 254 .470 .635 .855 .545 .140 .246 .325 .430 . 293 
D 16.59 .276 .492 .716 1. 005 .745 · ItO .2.10 . 324 .448 . 3 }: 16. 25 0 .341 . 565 .815 I. 135 1.105 · 157 .250 .35 1 .4 I . 475 
F 15.97 .4 15 .715 1.013 I. 39 1 1. 546 · 176 .305 .4:10 .565 .593 
G 15.77 .502 .850 I. 255 I. 673 1.835 .184 .320 .480 . 623 . 62[, 
H 15. 56 .610 .945 I. 312 I. 665 I. i55 .170 .2(;6 .375 . 4()i 

.440 I 1 15.36 .361 . 53 1 .710 .980 .050 .Oli; .095 .118 .122 
T ipof fiIL ___ ---. --------.- 15. 15 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 

---------------------- -- ------Elc\'ator axis ________________ 17.7 0.429 0.486 0. 522 0.590 0.573 0.23 1 0. 260 0. 280 0. :310 0.286 
A 17.69 .420 .496 .553 .655 . 603 .230 .268 . 305 .35.3 . 31:) 
B 17.41 .383 .515 . 635 .808 .694 .217 .28 1 .354 .447 . 37" 

17.00 . 345 . 536 . 71 0 . 944 . 827 · 181 · 274 . 356 · 463 · ·117 
0 16.59 .322 .543 .755 1.033 .985 .1 ,53 .255 .340 .41;9 • f 12 
E 16.25 !O .364 . 574 23 I. 155 I. 225 .161 .25.1 .3BO .,5(ill . 515 
F 15.97 .43 1 .740 I. 046 1.380 I. 614 .1 3 .3 .445 . 56;; . 620 
G 15.77 .515 44 1.224 I. 645 I. 975 .192 . 320 .470 · (i22 · HiO 
jJ 15.56 .632 .973 1. 335 I. 655 I. · 178 .276 . 385 .475 · I(i l) 
1 15.36 .366 .535 .702 .866 I. 005 .14(J .070 .092 . 118 . 12.1 

Tip offin _ -p------_. ------- 15.15 .000 .000 .000 .000 .000 .000 .000 . 000 .000 · O~ ) 
-------------------------- ------Elevator axis ________________ 17.78 0.660 0.665 0. 794 0.810 0. 800 0. 312 0.320 0.395 0. 412 0.3RB 

A 17.69 .623 .656 15 45 .833 .3 12 .335 .415 .435 . 420 
B 17. 41 .51 2 .634 67 .965 .935 .276 .340 .460 .477 . 480 
C 17. 00 .427 .571 .860 1. 015 1.028 .220 . 290 .418 .491 . 500 
D 16. 59 .362 .567 I. 060 1.1 · iii .261 . 391 .471 . 507 
E 16.25 20 . 363 I .916 I. 165 I. 390 .160 .260 . 395 . 496 . 56.5 
p- 15. 97 . 485 .763 1. 133 I. 380 I . i25 .201 .325 .48 1 . 56 · H2O 
G 15.77 . 585 .930 I. 315 I. 665 2.025 .210 · :340 .486 · (;22 · III 
II 15.56 .661 I. 019 1.383 1.6 I. 3:) .1 5 .285 .400 · 182 .415 
1 15.36 .406 .557 . 735 5 70 .052 .073 . 09.5 .1\fJ . 110 

'['ip of fiLL ---------------- 15.15 .000 .000 .000 . 000 .000 
I . 000 .00·) .000 .0 ):) . 000 

I 

- - ---.--- ---. - -
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TABLE III 

NORMAL FORCE P ER U IT LE GTH OF FIN ON 1/40- CALE MODEL "AKRON" 

MARK II FIN (COUNTERBALA CES REMOVED) 

Sta tion 
Dista nce 

from bow 
(ft. ) 

E leva tor ax is ____ _____ ___ __ __ 17. 78 
A J7.69 
B 17. 41 

17. 00 
D 16.59 
E 16. 25 
F 15. 97 
o 15. i7 
J[ 15. 56 
I 15.36 

Ti p of fm __ ______ ____ ___ _____ 15. 15 

O. 
(dc~. ) 

20 

11.6 

-.----- - ----
---.--------
------------
---. --------
---.-----.--
--- - --------
------------
------------
------------
------------
------------

TABLE IV 

Tormal force (l b . per ft. Icngth)/q 

o (deg.) 

17.0 22.5 28. 1 33.9 

O. 740 ------- ---- I. 122 ------------
7<14 ------------ I. 130 ---._--- ----
713 ---._ - ------ I. 1<17 -- ---------
61 2 -------._--- 1 15G -----------
564 ------.. - --- I. 213 ------------
615 ------------ I. 306 -----.- -- -_ .. 
708 ------------ 1 4 1 r, ------ ------
908 ------- ----. 1 612 ------------

1. 030 ------------ I. 620 ---.---- ---
620 ------------ 60 -- -- --------
000 -- --- ----- 000 ------------

]7 

NORMAL FORCE P E R UNIT LE GTH OF FIN AND MOMENT OF ORMAL FORCE ABO T FI ROOT OF I j40-SCALE 
10DEL "AKRON" 

MARK II FI , 3/8-1 CH SLOT (CO NTERBALANCE REMOVE D) 

Normal force (lb. per ft. length)/q 1< l olllent (lb. -ft . per ft. length)/q 

Distance 
Stat ion from " • 

bow (d eg.) 
(ft.) 

8 (deg. ) o (deg.) 

11.6 Ii.O 22.5 28. 1 33.9 J 1.6 1i .0 22.5 2S. L 339 

1----- --1---- -------------------------------
E1c\'ator ax is _________ 17. 78 0.87" 0.97 1 1. 143 0.476 0.5 0.575 

A 17.69 . 774 .888 I. 075 .4 1 .474 .560 
B J7.41 . 535 . 743 . 9~ 5 .295 .393 . 490 
(' 17.00 . 437 . 6fl'! . 990 . 224 .3 1 . 4 12 
D 16.59 . 410 .608 1. 065 . 193 . 276 .4:15 
E 16.25 20 . 420 .608 1. 090 . 1 'I . 263 . 462 
F 15.97 . 520 .732 1. 360 .210 . :11 4 · ,,05 
a 15.77 .590 . 843 1. 660 . 219 .323 · G10 
If 15.56 .712 .n I. 700 .202 .283 · ~50 
I 15. 36 . 4J 3 .M2 .860 . 055 .07 1 .11 3 

T ip of fin __________ ___ 15. 15 .000 . 000 . 000 .000 .000 .000 

TABLE V 

NORMAL FORCE PE R U NIT LF.NGTH OF FI A JD MOMENT OF OR MAL FORCE ABOUT F I ROOT OF 
1/40- 'CALE MOD E L " AKRO J" 

MARl II FIN, 3/4-1 ClI SLOT (COUNTERBALA CES REMOVED ) 

Normal force (l h . per rt. length)/:! Moment (Ih.- ft. per ft. lengt h)/a 

Dista nce 

Station (rom 0, 
bow (deg.) 
(ft .) 

8 (deg.) o (deg.) 

11.6 17.0 22.5 2 . 1 33.9 11.6 17.0 22.5 28.1 33 .9 

--- ------------ - - - ------------ ---
E levator axis __________ Ii. 78 O. 75 0. 986 1.1 16 1. 055 0.467 0. 495 0.555 0.525 --I 

A 17.69 . 754 .5 1. 002 . 9 5 .4 13 . 450 .506 .500 
B 17. <II .505 . 6 .SO 55 .288 .354 . 421 . 445 

17. 00 .380 .565 . 782 .900 .200 .235 . 370 .4 10 
D 16.59 20 .339 .550 10 .950 . 161 .253 .358 .402 --1 
E 16. 25 .345 . 545 10 1. 005 .160 .250 .360 .430 
F 15.97 .459 .706 1. 002 1. 250 . 196 . 304 .423 .515 
G J5. 77 .530 .841 1. 203 1. 560 .200 . 320 .460 .575 --
H 15.56 .661 .944 !. 293 1. 575 . 1 3 .2 .37J .425 -- -------1 
1 J5.36 . 404 . 565 .700 . b70 .053 . 070 .0 . 11 0 -- --- ---1 T ip offi n _____________ 15. 15 .000 . 000 .000 .000 .000 .000 .000 .000 



1 REPORT No. 604-I ATIONAL ADVISORY C01HlITTEE FOR AERONAUTI C 

TABLE VI 

NORMAL FORCE PER UNIT LENGTH OF FI T AND MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF 
1/40-SCALE MODEL "AE:RON" 

FI 3 

Normal force (lb . per ft. length)fq J\loment (Ih.-ft . per ft. length)/q 

Distance 
Slation from 0, o (deg.) o (deg.) how (deg.) 

(ft.) 

11.6 17.0 22.5 28. 1 33.9 11.6 17.0 22.5 28.1 33.9 

------ --- --- - - - --------------- ------
Elevator axis __ ________ 17. 7 -0.280 -0.300 -0. 233 -0.147 -0. 00 -0.115 -0. 089 -0.057 -0. 020 0.01 1 

A 17.69 -.140 -.160 - . 077 .022 . 100 -.036 - . 016 .002 .036 .068 
n 17.41 . 10 .142 .234 . 304 . 365 . 066 .092 .128 . 157 . 170 

17.00 .173 .285 . 396 .493 .494 . 084 · 133 · I 0 .218 .208 
D 16.59 .221 .345 .476 .603 .565 . 090 · I33 · I 7 .230 .222 
E 16.18 - 15 . 224 .365 .526 5 .696 .080 .130 .179 .228 .240 
F 15.77 . 260 . 425 .626 25 .936 .0 1 . 135 .1 I .243 .278 
0 15.56 .27 . 47 .665 .926 I. 115 .0 .145 .196 .266 .312 
Jl 15.35 .335 . 558 .755 I. 066 1. 296 .100 .166 .224 . 304 .363 
1 15.1 5 .435 .675 .715 I. 265 I. 563 · llO .175 .238 .322 .370 
J 14.95 .450 . 700 .943 1. 195 1. 372 . 075 . 117 . 166 .204 .220 

'rip of fIlL. __ ___ _______ 14 . 72 .000 .000 .000 .000 .000 . 000 .000 .000 . 000 . 000 
---------------- - - ------ - - - ------

Ele'·alor axis __________ 17.7 0.176 0.245 0.322 0.270 0.37 0.106 0.158 0.198 0.160 0. 210 
A 17.69 .200 .275 . 3 3 .303 .443 .116 .160 .210 .161 .225 
B 17. ·11 .264 . 335 .49·1 .373 .591 .130 .165 .235 . 180 .262 

17.00 .263 .370 .565 .475 . 719 .1 20 .163 .246 .203 .290 
D 16.59 . 243 .392 .610 .546 04 .09·1 .150 .233 . 210 .296 
E 16.1 0 .266 .390 . 633 . 593 .910 . 084 .134 .208 .200 .292 
F 15. 77 .28 .443 .7 15 .776 1. 065 .0 9 . 133 . 203 .221 .304 
G 15.56 .29 .4 2 .736 .875 1. 160 .093 .143 .216 .256 . 324 
Jl 15.35 .351 . 570 14 I. 008 I. 305 . 104 . 168 .242 .300 . 363 
l 15.15 .455 .743 1.026 1.256 1. 504 . 11 3 .190 . 263 . 31 .360 
J 14.95 .468 .736 1. 045 1. 247 1.545 .086 . 120 .17-, .208 .240 

'rip of fin ____ _______ __ 14. 72 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 --------- ------------------------
Ele'·ator ax is __ __ __ ____ Ii. 7 0.514 0. 665 0.690 0. 700 0.738 0.290 0.353 0. 373 0.374 0. 390 

A 17.69 .473 .605 . 656 . 677 . 735 .254 .323 . 345 .348 .365 
n 17.41 .375 .506 5 .663 .765 .182 .244 . 280 .304 . 336 
C 17.00 .316 .484 .582 .708 63 . 137 .206 . 250 .300 . 343 
D 16.59 .294 .473 .592 . 742 .906 . 114 .180 .228 .280 .337 
E 16.18 10 .276 .464 . 627 .774 .983 .100 .157 .210 .257 .313 
F 15.77 .287 .504 . 675 67 1. 127 .090 .155 .200 .254 .321 
G 15.56 .540 .706 : 930 1.125 .090 .164 .206 .265 .336 
IT 15.35 . 347 .624 05 1. 063 I. 275 .106 .1 3 .235 .307 .358 
I 15.15 . 446 .746 .975 1. 263 1.504 · lI3 . 190 .256 .325 .368 
J 14.95 . 4 0 .755 1.020 1.203 1. 500 .074 . 125 .175 .205 .245 

Tipoffin _______ ____ __ 14.72 . 000 .000 .000 .000 .000 .000 .000 .000 .030 . 000 
---- - - - ------------------------ --

Ele""ator ax is_. ________ 17. 7 0.9 16 1. 020 1.043 0. 947 O. 67 0.542 0.550 0.56 0.494 0.445 
A 17.69 22 .910 .955 .905 . 775 .428 .467 .4 6 . 452 .375 
n 17.41 .543 .656 . 756 .792 .615 .255 .304 . 347 .356 .260 
C 17.00 . 404 .538 .732 .626 .170 .2"..6 .288 .302 . 205 
D 16.59 .352 .504 .655 .730 .655 .135 .190 .246 .280 .220 
E 16.1 20 .31 .473 .667 .765 .735 .1lO .160 .220 .253 . 245 
F 15.77 .323 .522 . 753 .874 . 918 .100 .108 .220 .250 .268 
0 \.J.56 .326 .. J25 .756 .880 I. 030 .100 .108 .218 .257 . 296 
II 15. 35 .362 .. J92 .8.10 . 99 1 I. 192 · 110 . 126 .250 .295 . 338 
I 15. \., . 445 .715 . \)9.5 1. 235 1. 443 · tIl · 134 . 25" . :320 . 355 
J 14.95 . 025 . 737 . 955 1. 185 I. 313 .088 . 126 · 161 . 204 . 215 Tip of fin _____ _______ 14. 72 . 000 .000 .000 . 000 . 000 . 000 . 000 · 000 . 000 .000 

-

J 
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TABLE VII 

NOR MAL FORCE PE R UNIT LE NGTH OF FI A D MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF 
1/40-SCALE MODEL "AKRON" 

FIN 4 
-

Normal force (lb. per ft. length)/q 

Distance 

Station 
from 6, o (deg.) bow (deg.) 
(ft .) 

11 .6 17.0 22.5 28. 1 33.9 

--- ------------ ---
Elevator Q..xis ___ __ _____ 17.7 -0.195 -0.167 -0.062 -0.100 0.000 

A 17.69 -.]19 -.056 .030 . 014 . 161 
B 17.4 1 .057 .190 . 280 . 240 .534 
C 17.00 . 148 .295 .405 .290 .745 
D 16.59 .213 .330 .430 .422 .7 5 
E 16. I . 214 . 335 .444 .495 .705 
F 15.56 - 15 .214 .336 .468 .559 .675 
0 15.15 .210 .340 . 516 .655 .720 
IT 14.95 .227 .357 .565 .740 .748 
I 14.74 .2 2 .415 .654 70 .875 
J 14.54 .305 .512 .755 .992 I. 035 
K 14.35 .135 .203 .275 .333 .385 

'rip of fin _____________ 14.23 .000 .000 .000 . 000 .000 
------------------

Elevator a.xis __________ 17.7 0.210 0.305 0.3 0.357 0.370 
A 17.69 .196 .295 .390 . 410 .394 
B 17.41 .180 .306 .413 . 516 .495 
C 17.00 .214 . 356 .475 .565 .695 
D 16.59 .218 . 367 .495 .592 . 635 
E 16.18 .213 .360 . 4 0 .602 .61 
F 15.56 0 . 220 .355 .481 .606 .612 
0 15.1 5 .212 .355 .504 . 660 . 735 
IT 1'1. 95 .226 .375 .535 .712 .790 
I 14.74 .263 . 434 .650 . 820 .915 
.T 14.54 .324 .509 .747 .965 1. 084 
K 14. 35 .160 .205 .248 .370 .508 

'rip of fio _____________ 14.23 . 000 .000 .000 .000 .000 
------------ ------

Elevator axis __________ 17. 7 0. 550 0.650 0.73 0.602 0.620 
A 17.69 .453 . 560 . 655 .545 . 637 
B 17. 41 .322 . 400 .540 .453 .695 
C 17.00 .275 . 361 .525 .572 .793 
D 16.59 .277 .373 .522 . 523 .775 
E 16. 1 .287 .338 .483 .521 .735 
F 15.56 10 . 265 .325 .494 . 572 .714 
0 15.15 . 240 .344 . 533 .670 .742 
II 14.95 .245 .374 . 558 .736 . 735 
I 14. H .274 .4J8 .667 .870 .924 
J 14 . 54 .326 .492 .744 1.008 1. 106 
K 14 .35 . 160 .230 .470 .620 15 

'rip of fin ___ - ---- 14. 23 .000 .000 .000 .000 .000 
--- ---------------

E le\'ator axis _.--- 17.7 O. 78 0.990 1.050 0.950 1.OS2 
A 17.69 .746 . 874 .922 .845 .963 
B 17. 41 .453 .5 .662 .625 .800 
C 17.00 .338 .4 7 .575 . 575 .705 
D 16.59 .296 .450 .514 .590 .635 
E 16. 18 . 272 . 415 .484 .584 .660 
F 15.56 20 .249 . 389 .4 5 .613 .700 
0 15.15 .240 .390 .505 .684 25 
H 14.95 .244 .407 .546 .750 .925 
I 14.74 . 27 .464 .652 67 I. 100 
J 14 .54 .332 .555 . 743 I: 033 1. 275 
K 14 .35 .125 .liO .213 .260 . 365 

'l'ip of fin _____________ 14.23 .000 .000 . 000 .000 . 000 
1 --- ----

11.6 

---
-0.073 
-.038 

.039 

.065 

.073 

.067 

.051 

.047 

.044 

.04 

.049 

.020 

.000 
---

0.123 
.104 
.04 
. OS8 
.077 
.063 
.051 
.043 
.043 
.051 
.050 
. 017 
.000 

---
0. 255 
.227 
.147 
.110 
. JOO 

.0 

.050 

. 050 

.052 

.053 

.021 

. 000 
---

0.412 
.355 
. 197 
. 130 
.103 
.OS5 
.060 
.052 
.048 
.053 
.054 
. 01 
.000 

Moment (lb.· ft. per ft. lengtb)/Q 

17.0 

-0.().j7 
.000 
.095 
.122 
· JlO 
.098 
.080 
.070 
. 074 
. 083 
. 084 
. 03 1 
.000 

---
0.160 

. 150 

. 14 I 

.140 

. 123 

.104 
· OSJ 
.072 
.076 
.083 
.085 
.036 
.000 

---
0.305 
.270 
.175 
.143 
.130 
. 100 
.072 
.072 
.075 
.079 
.OSO 
. 035 
. 000 

---
0. 470 
. 410 
.253 
. 185 
.150 
.122 
.090 
· OS4 
· OBI 
.O<JO 
.090 
.037 
.000 

o (deg.) 

22.5 28.1 33.9 

------
0.000 -0.010 0.025 
.040 .025 .093 
.130 . lOS .225 
.156 .120 .265 
. 14 .142 .244 
.134 .150 .195 
.JJO .135 .157 
.104 .130 .140 
· J08 .140 .140 
.125 . 164 .164 
.120 . 160 .174 
.04 1 .075 . 100 
.000 .000 .000 

------ ---
0.203 0.190 0.181 
.192 .202 .1 5 
. 180 .212 .2OS 
· J 0 .2().j .233 
.165 .192 .207 
.140 .175 .178 
.110 .142 .142 
.102 . 130 .140 
.105 .135 .146 
.1 22 .152 .168 
. 125 .16J .184 
.053 .092 .JJ4 
.000 .000 .000 

---------
0.350 0.268 0.300 
. 313 .260 .295 
.232 . 232 .287 
.200 .216 . 275 
. 172 .170 . 234 
.143 . 152 .2OS 
. 114 .135 . 165 
. lOS .130 .145 
. lOS . 133 .145 
· J25 .162 .170 
.120 . 169 .185 
.052 . 070 .0 6 
. 000 .000 .000 ---------

0.4 5 0.440 0.467 
,430 .392 .425 
.276 .256 .310 
.206 .205 .245 
.170 . J90 .200 
. 145 . 176 .190 
. 112 .145 .1-
. 102 . 133 .162 
. lOS . 140 .168 
.125 .162 .202 
.125 .172 .205 
.055 .071 .U8 
.000 .000 .000 

( 

----~ 
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TABLE VIII 

VALUES OF ORMAL FORCE AND DI TANCES OF CENTER OF PRESS RE OF FI FORCES FROM ELEVATOR 
q 

<. 
(deg.) 

-15 

o 

10 

20 

o 
(deg.) 

II. 6 
17.0 
22.5 
28.1 
33.9 

11. 6 
17.0 
22.5 
2 I 
33.9 

11. 6 
17.0 
22. 5 
28. I 
33.9 

J I. 6 
17.0 
22.5 
28. 1 
33.9 

AXIS FOR VARIO S FI 'IE TED ON 1/40- CALE MODEL "AKRO I " 

M ark II 
fin (with 
counter
ba lances) 

O. 4 
1. 42 
I. 96 
2.60 
2.37 

1. 02 
I. 56 
2. 09 
2. 74 
2.85 

I. 20 
I. 70 
2.24 
2. 
3. 18 

Mark II 
fin 

(counter
bala nces 
removed) 

----------
----------
-- _. ------
----------
----------

- - --------
----------
.---------

---

I. 77 
---

3. 15 
---. 

[ Values of norm
q
81 force arc for one fin only 

Tormal force (lb.)/q 

Mark II Mark II 
fin (3 -in . fin (% -in . 

slot) slot) 

- --------- - - --- -.-- -
---------- ---- ------
---------- ---- -- ----
--------- - ------ ---. 
--- ------- -._-.--_.-

---------- ----------
------.--- -- .- - - --- -
---------- ----------
--.------- ------- --

I. 29 I. 16 
1. 0 I. 

---------- 2.27 
2. 9 2.67 

-----. --- ----.-----

Fin 3 

0.65 
1.05 
1.50 
2. 00 
2.27 

.87 
1. 31 
I. 96 
2.01 
2. 0 

1.01 
1.60 
2.03 
2. 50 
3.05 

I. 25 
I. 74 
2.25 
2.53 
2.52 

Fin 4 

0.61 
I. 06 
I. 52 
I. 70 
2.39 

. 77 
1. 25 
I. 71 
2.14 
2.32 

1.00 
1. 31 
I. 89 
2. 12 
2.68 

1. 11 
1.03 
I. 96 
2.28 
2.73 

TABLE IX 

Dis tance of center of pressure from elevator axis (ft .) 

Mark II 
fin (with 
counter
balances) 

1. 47 
1. 44 
I. 47 
I. 47 
1.60 

I. 33 
1.3 
1. 41 
1. 41 
1. 48 

1. 25 
I. 34 
I. 34 
1.36 
1.40 

Mark II 
fin 

(counter
balances 
removed) 

Mark II M ark II 
fin G -in . fin ( 3 .. -in. 

slot) s lot) 

I. 23 
I. 30 1. 25 

I. 23 
1.28 
I. 31 
I. 36 I. 30 I. 34 

Fin 3 

1. 96 
I. 94 
1. 87 
1. 87 
1. 91 

1.64 
1.70 
1. 68 
1. 83 
1. 76 

1. 49 
I. 55 
1.60 
I. 65 
I. 67 

I. 34 
I. 44 
I. 51 
I. 57 
I. 70 

Fin4 

2. 15 
2.01 
2.01 
2. 17 
1. 

1. 82 
I. I 
1.83 
I. 
I. 91 

1.63 
1. 69 
1.76 
I. 92 
I. 82 

I. 45 
I. 56 
1.64 
1. 79 
1. 81 

1 OR1lAL FOR E 0 FINS AND H ULL AND PITCH! G M MENT ABO T CE TER OF B OVA L CY OF FINS 
AND AFTER PART OF H LL OF 1/40-SCALE MODEL "AK RO I" 

[Values are for one fin and starboard haIr of hull aft of sta tion 14 ; 6. = 2O°.J 

Transverse force 
M , .•. I 

'l"' ra osverse force M~ Norma l (orce .1/ , . •. q 
----- Q Q on hull plus 

or for~s on 0 q of forces q or force Normal rorre 
Fin (deg.) on bull on hull on fin on fin hull and 

CT) (' ~.) 
q fin 

Ct.~lb -) . Ct.~b) on fin 

CT) crt.~lh ) 

M ark IT (with counterba la ncesL 1 
11 .6 O. J7 -2.7 1.20 - . 9 1. 37 -ll.fi 
17.0 .7 -6.3 I. 70 -J2. 5 2.48 -1.8 
22.5 1.44 -9.0 2.24 - 16.4 3.68 -25.4 
28. I 2.33 - J2.5 2. - 21.1 5.21 -33.6 
33.9 4.25 -21.0 3. Ul -23. I 7. '13 -44. I 

------------------------ 1 
II. 6 .30 -3.6 I. 25 -9.2 I. 55 -12.8 
17.0 9 - 6. 8 1.74 - 12.6 2. 63 -J9.4 3 ____ 22. 5 I. fi5 -9. 2. 25 - 16. 1 3.90 -25.9 
28. J 2.65 - J5.3 2.53 - 18.0 5. I -33.3 
33.9 4.21 - 22. I 2.51 - l7.5 6.72 -39.6 

J 
JJ.fi .23 -2.7 1.11 - .0 I. 34 - 10.7 
17.0 1. 14 - 7.3 1. 63 - 11. 6 2.77 - J8.9 L ___________________ 22.5 1.63 -9.6 1.96 - 13. 3.59 -23. 4 

I 
---------- l 28. 1 2.73 - 14.4 2.28 - J5.7 5.01 -30.1 

33.9 4.35 -22.0 2.73 - I .8 7.08 -40. 

TABLE X 

LOCATION OF STRUCTURAL FRAMES ON . S. AIR-
HIP "AERO AND THEIR ORRESPO DING 

LOCATION 0 A 1/40-SCALE MODEL 

!ling location Ring location Ring location Ring location 
from 0 sta- from bow from 0 sto- from bow 
tion (full - (J /40-scale tion (full- ( 1/40-sca le 

scale) model) scale) model) 
(meters) (feet) (meter~) (feet) 

0 17.51 125. 0 7.26 
17.5 16. 08 147.5 5. 41 
35.0 14.64 170.0 3.57 
57.5 12.80 I 7.5 2.13 
80.0 10.95 198.75 I. 21 

102.5 9.10 210.75 . 23 
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z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Designation Sym- to axis) Designation bol symbol 

LongitudinaL ____ X X Rolling _____ 
LateraL ____ __ ___ Y Y Pitching __ __ 
NormaL ____ __ __ _ Z Z yawing __ __ 

Absolute coefficients of moment 

O =~ 0 = M 
I qbS m qcS 

(rolling) (pitching) 

Linear 
Sym- Positive Designa- Sym- (compo- Angular bol 

L 
M 
N 

direction tion bol nent along 
axis) 

Y----+Z RolL __ __ 

'" 
u 'P 

Z----+X Pitch ___ _ 0 v q 
X----+Y yaw ____ _ 

'" 
w r 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscrip b.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V" 
T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust , absolute coefficient OT= ~ 1>4 
pn L/ 

Torque, absolute coefficient CQ= 9 TIll 
pn L/~ 

P, 

0., 

11, 
n, 

Power, absolute coefficient CP = ; TIll 
pnlf 

Speed-power coefficient=-V~~: 
Efficiency 
Revolutions per second, r .p .s. 

Effective helix angle=tan-{2!n) 

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m/s=550 ft-Ib./sec. 
1 metric horsepower = 1.0132 hp. 
1 m .p.h.=0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 

1 Ib.=0.4536 kg. 
1 kg=2.2046 lb. 
1 mi.=1,609.35 m=5,2S0 ft. 
1 m=3.2S0S ft. 




