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Length ______ _ 
Tirne ________ _ 
Force _______ _ 

Symbol 

l 
t 
F 

AERONAU',l'ICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric 

------------------~-------I 

Unit 

meter ________ _______ __ _ 
second ________________ _ 
weight of one kilogram ___ _ 

Symbol 

m 
s 

kg 

English 

Unit Symboi 

foot (or mile)_________ ft. (or mi.) 
second (or hour)_______ sec. (or hr.) 
weight of one pound___ _ lb. 

PoweL___ _ __ _ P kg/m/s_ ___ __ __ __ _ _ __ __ _ ____ _ _ _ __ _ horsepower ___ _______ _ 
S d {krn/h_________________ _ k. p. h. mi./hr. ______________ _ 

hp 

pee ------ ---------- m/s__________ __ ________ m. p . s. ft./sec . ______________ _ 
m. p. h. 
f. p. s. I 

~------~------------------~------~----------------~--------_I 
2. GENERAL SYMBOLS, ETC. 

W, Weight=mg · 
g, Standard acceleration of gravity =9.80665 

m/s2 =32.1740 ft./sec. 2 

m, Mass = W 
g 

p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m- 4 

mk2
, Moment of inertia (indicate axis of the 

radius of gyration k, by proper sub­
script). 

S, 
Sw, 
G, 
b, 

Area. 
Wing area, etc. 
Gap . 
Span. 

8 2
) at 15° O. and 760 rom = 0.002378 C, Ohord. 

(lb.-ft.-4 sec.2). b2 

Specific weight of "standard" air, 1.2255 S' 
kg/m3 = 0.07651Ib./ft.3• }J., 

.Aspect mtio. 

Ooefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 
1 

q, Dynamic (or impact) pre,ssure= 2P V2. 

L, Lift, absolute coefficient OL= :s 
D Drag, absolute coefficient OD= {;s 
Do, Profile drag, absolute coefficicnt ODo =~S 

D t , Induced drag, absolute cQefficient ODi=DqS 

D p , Parasite drag, absolute coefficient ODp = ~S 

Q, Resultant moment. 
n, Resultant angular velocity. 
Vl 

P-' Reynolds Number, where l IS a linear 
J.L 

Op, 

dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, at 15° 0 ., the 
corresponding number is 234,000; 

or for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 

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

0, Oross-wind force, absolute coefficiepf. Ci, 

o 
OC=qS 

Angle of attack. 
Angle of down wash. 

R, Resultant force. 
Cio, Angle of attack, infmite aspect mtio. 
at, 

'/,w, Angle of setting of wings (relative to Cia, 

thrust line). 
'/,t, Angle of stabilizer setting (relative to 'Y 

thrust line). 

Angle of attack, induced. 
Angle of attack, absolute. 

(Measured from zero lift position,) 
Flight path angle. 
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REPORT No. 432 

FORCE MEASUREMENTS ON A 1/40-SCALE MODEL OF THE U. S. AIRSHIP 
"AKRON" 

By HUGH B. FREEMAN 

SUMMARY 

This report describes a series oj tests made on a X'o­
scale model oj the U. S. airship" Akron" (" ZRS-J,. ") jor 
the purpose oj determining the drag, lift, and pitching 
moments oj the bare hull and oj the hull equipped with 
two different sets oj fins. Measurements were also made 
oj the elevator jorces and hinge moments. 

The results oj the drag measurements are in jair agree­
ment with those oj previous tests on smaller models oj 
the "Akron" conducted in the variable-density tunnel 
oj this laboratory. The type oj tail surjace designated 
Mark-II, a short wide surjace, was jound to have more 
javorable control characteristics than the long narrow 
type, Mark-I. The results oj the measurements oj the 
elevator hinge moments showed that the ele'l.;ators jor both 
types oj fins were overbalanced j01' a large range oj ele­
vator angles, indicating that the area oj the balancing 
vanes, jor the 1I1ark-II elevators at least, was excessive. 

INTRODUCTION 

The subject tests are a part of a program of research 
undertaken at the request of the Bureau of Aeronau­
tics, Navy Department, on a X'o-scale model of the 
U. S. airship Akron (ZRS-J,.) with the object of deter­
mining: (1) The lift, drag, and moment on the bare 
hull and on the hull fitted with two different sets of 
tail surfaces; (2) the elevator forces and hinge mo­
ments; and (3) the pressure distribution over the hull 
and fins. The program was later extended to include 
(4) the measurement of total head in the boundary 
layer at 10 stations on the hull. Parts (1) and (2) are 
the subject of the present report. The results of the 
pressure distribution are given in reference 1 and those 
for the boundary-layer tests in reference 2. 

Several advantages were offered by the unusually 
large size of the model available for these tests and of 
the 20-foot wind tunnel in which the tests were con­
ducted. The'se were, namely: (1) The Reynolds um­
ber was large for an atmospheric wind tunnel; (2) the 
control surfaces were large enough to allow the mea -
urement of the elevator forces and hinge moment ; 
(3) the tare drag could be measured directly, hence 
probably more accurately than usually is possible on 
smaller models. 

The results are compared to those of previous tests 
conducted in the variable-density tunnel of the a­
tional Advisory Committee for Aeronautics. (Refer­
ence 3.) 

APPARATUS AND TESTS 

The model, built in the shops of the Washington 
avy Yard, is of hollow wooden construction, having 

a polygonal cross section with 36 sides over the fore 
part of the hull that faired into 24 sides near the stern. 
The surface was given a fine sand finish, then var­
ni hed, painted, and finally finished with fine sand­
paper, giving a surface which was probably as smooth 
as that of a well doped fabric surface. The over-all 
length of the hull measured from the end of the bow 
cap is 19.62 feet and the maximum diameter 3.32 
feet, giving a fineness ratio of 5.9. The details of the 
method of con truction are shown in Figure 1. The 
principal dimension of the model are collected in the 
following table: 

DIMEN 10 S OF MODEL . S. . "AKRO " 

Distance Radius 
from nose (circum· 
(length) scribed 

cirrle) 

---
aiL Inche.s 
0 0 

Length, 19.62 feet. 0.02 4.95 
. 05 9.96 Yolume, 115 cubic feet . 
.10 14.20 ---
.15 16.65 

Total hori7,ontal tail·surface area (square feet) : .20 I .39 
.25 19.12 J\1ark-I Mark·II 
. 30 19. 61 5.074 ~ 
.35 19.85 
.40 19. 90 Elevators (including balance vanes) square feet: 
.45 19.90 1.004 0.932 
.50 19. 80 

I 
.55 19.59 Elevator balance vanes (square feet): 
.60 19.12 0.234 --- 0.220 
.65 1 .46 
.70 17.50 Elevator chord length (feet): 
.75 16.15 c=0.410 c=0.369 
.80 14.44 ---
.85 12.29 Location of elevator 80 is: 
.90 9.61 aiL=0.9090 a/L=0.9059 
.95 6.52 Center of buoyancy: 

1.00 0 aiL=0.464 

Two sets of tail surface, de ignated Mark-I and 
l ark-II, were provided with the model, the 11ark-II 

type of surface being that used on the full-scale ship. 
The forms of these are shown in Figure 2. Figure 3 
shows the type of balancing vanes with which the 

3 
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FIG URE I.-Details of construction of lh~ J4o-scale model U. S . S. Akron 
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F IGURE 2.-Mark-I and Mark-II fins Bnd control surlaces for the J4o-scale model U. S. S. Akron 
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elevators and rudders were equipped. The balancing 
vanes were provided with trailing-edge flaps for the 
purpose of increasing the effectivene of these vanes 
at high angles of the control surfaces. The relation 
of the flap angle (3, which on the full-scale ship is 
governed by the position of the elevator, to the ele­
vator angle 0 is shown by the table in Figure 3. 

No propellers or propeller struts were provided with 
the model, as it was thought that the scale effect on 
these parts would make the results of questionable 
utility. . 

The method of mounting the model in the wind I 
tunnel is shown. in Figures 4 and 5. The model was 
su pended by two vertical wires attached at the 
upper end to platform scales on which the left was 
measured. The front lift wire entered the model 
through a narrow slot in the upper surface of the hull 
and was attached to a horizontal steel crossbar, which 
turned in ball bearings mounted on opposite sides of 
the hull. The slot in the upper surface was cut in a 
thin steel plate set into, and flush with, the surface of 
the model. A econd narrow trip of sheet steel liding 
on the lmder surface of the first moved wi th the wire 
when the angle of pitch was changed and covered the 
slot, preventing any Dow of air except for a small 
clearance around the wire which was provided to 
prevent the friction of the arrangement from inter­
fering with the measurement of the pitching moment. 

The ends of the above-mentioned teel crossbar were 
ground to streamline shapes and extended out ide the 
hull I X inches on each side, affording an anchorao-e for 
the two drag wires. These wires were carried forward 
into the low-velocit.y region of the entrance cone and 
transmitted the drag to a bell crank and thence to a 
balance on the floor of the tunnel. An ini tial ten ion 
was given to the drag wires by the u e of a counter­
weight which wa carried by a wire attached to the 
tail sting and extended down, over a ball-bearing 
pulley in the eA..Jt cone, into the test chamber below. 
Four cross-tunnel wires held the model rigid laterally. 
The two side braces at the rear were £L-xed to a mecha­
nism on the walls of the Lunnel, which moved with the 
hull so a. to k ep the wire alway perpendicular Lo 
the axis of the model. A imilar device, mounted on 
the rear lift balance, al lowed the wire upport at the 
tail to be kept vertical. The model pivoted on the 
ball bearings about the crossbar, the angle of pitch 
being ehanged by raising or lowering the tail sting. 

The elevator forces perpendicular to the axis of the 
hull and the moments about the elevator hinge axis 
were mea ured on a 2-componen t electric induction 
balance designed especially for these tests. The 
general scheme of this apparatus is similar to that 
described by Relf and Simmons in reference 4. The 
balance, shown in Figure 6 as assembled for the cali­
bration tests, consists of two parts which, for con­
venience, have been designated the model unit (shown 

in the foreground) and the floor unit. The elevator 
surfaces are shown mounted on the force and torque 
tube which was supported on two Emery knife-edges, 
located on the aA';'s and near the ends of the tube. The 
tube was restrained from turning about its axis by a 
torque, or moment arm, which may be seen attached, 

~-/. 475" 

C==============::t--- ------------ --------, 

( \, 
" , 

\ \, 

c=::=========l---- ;~,~~:>=;~~~;P= 
Mark II ---> :' ,/ .:;/ 

Elevator 
ang le 

6 
20· 
/5 · 
10· 

Angle !3 

Aft iFor'd. 
25· 220 

18 0 Ir 
12· 12 0 

5· 6· 6° 
0° 0° 0° 

- 5° - 6· - 6· 
-/00 - 12° _/2° 
- 150 -I r -/8° 
-200 -22° -25° 

'.T$:·· 

~,;;,;;~;l'-: _I _-,-I 

Aft For'd. 
0>-

FiG URE 3.-Details of balancing surfaces on the rudder and elevalor conlrols of the 
H.-scale model U . S. S. Akron 

tangentially, to the center of the tube. The forces 
and moments were tran mitted by this tube to steel 
pring beams, the deflections of which were mea ured 

electrically. The floor unit consisted of two compen­
ating units, two galvanometers (left background), a 

llO-volt rotary converter to provide the alternating 
current, and two rectifiers to rectify the r.nrren t 

) 
r 
( 
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passing through the galvanometers. The rectifier 
consisted simply of a pair of contact points operated 
by an eccentric attached to the shaft of the converter. 

The electrical relation between the variou parts of 
the force component of the balance, which was esscn-

coil~ and a decrease in the other. The resulting un­
balance, which wa indicated by the deflection of a 
galvanometer, was compensated for by the movement 
of a similar armature in the floor unit. This move­
ment was measured by means of a micrometer crew. 

F IGURE 4.-The lio-scale mo(lel U. . S. Akron mounted in the propeller-research wind tWlOel. 9=00 

tially the same as the moment component, is shown 
in Figure 7. Four pair of coils were connected in 
such a way as to Jorm an induction bridge. Two arms 
of the bridge were in that part of the balance de ig­
nated the model unit; the remaining two were in the 

The point of balance of the bridge was indicated by 
the galvanometer. 

The measurement of lift, drag, and pitching mo­
ment were made at three ail' speeds, approximately 
70, 85, and 100 mile per hour, and at nine angles of 

FIGURE 5.-The l-4o·scale model U. . . Akron mounted in tbe propelJer·research wind t unnel. 0=200 

iloor unit. The elevator forces were transmitted to a 
steel spring, the deflection of which caused the move­
ment of an armature, placed between the coils of ad­
jacent arms of the induction bridge. This movement 
caused an increase of the inductance in one pair of I 

pitch, -3°, 0°,3°,6°, go, 12°, 15°, 18°, and 20°. The 
elevator forces and binge moments were mea ured at 
the above-mentioned speeds and pitch angles and at 
nine elevator angle , 0°, ± 5°, ± 10°, ± 15°, and ± 20°. 
These latter measurements were repeated at the inter-
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mediate speed with the balancing vanes removed from 
the elevators. The drag of the bare hull was meas­
ured in two separate tests at speeds ranging from 28 
to 100 miles per hour. In order to obtain the lower 
speeds (below 50 miles per hour) it was necessary to 
reduce the pitch of the wind-tunnel propeller. (Refer­
ence 5.) The drag of the model was also determined 
for a position several feet downstream from the first 

FIGURE 6.-Electric balance and arntiJiary apparatus assembled for tbe calibration 
tests 

at the high-speed range in order to obtain a check on 
the correction for the variation in static pressure along 
the axis of the tunnel. 

The tare drag for four angles of pitch (0°, 6°, 12°, 
and 18°) was measured directly by suspending the 
model independently of the balances and supports and 
providing clearance for the horizontal steel crossbar 
and the tail sting. The latter was connected inside 
the hull to the crossbar, so that the total tare drag 
could be measured on the drag balance in the u,>ual 
manner. 

Trans­
former •...• 

G; Galvanometer 

Model unit 

Floor uni l 

FIGURE 7.-Schematic drawing outlining principal features of tbe balance used in 
measuring the elevator forces and hinge moments 

The range of Reynolds Number at which the tests 
were made varied from approximately 1,200,000 to 
4,300,000. The maximum value was about one thirty­
fourth that of the full-scale ship at a speed of 4 miles 
per hour. The Reynolds umber given above is 

Rv = V(vol)! = 0.248 R, where R is the Reynolds 
/I 

N umber based on the length of the hull. 

PRE CISlO 

In order to determine the deflection of the wire 
balance a reference mark on the model was observed 
before and during a drag test by means of a transit. 
The deflection, that is, the downstream movement of 
the model, observed at the maximum velocity of the 
tunnel with the hull at 0° pitch was approximately 
0.06 inch. The error in the drag measurements caused 
by this deflection was 0.16 pound or less than 1 per 
cent of the gross drag of the bare hull. 

The maximum deviation of the observed values of 
drag from a mean curve for the high-speed range was 
± 0.1 pound at the low angles of pitch and ± 1 pound 
at the very high angles. The observed values of the 
lift were probably accurate to ± 0.5 pound. 

The electric balance in the calibration tests was 
accurate to ± 0.02 pound; in the wind tunnel, however, 
becau e of the vibration of the model and the fluctua­
tions in the air stream, the measurements of forces and 
moments on the elevators are probably only accurate 
to within ± 0.1 pound for any individual force reading 
or ± 0.1 inch-pound for any moment reading. The 
maximum elevator force and moment were approxi­
mately 20 pounds and 15 inch-pounds, respectively. 
A recalibration of the balance after the tests checked 
the previous calibration very atisfactorily for the 
uploads; that is, for loads corresponding to a down 
elevator. The download calibration, however, differed 
from the previous one b about 5 per cent. The 
reason for this di crepancy i not definitely known. 
Fortunately, the download are of less interest than the 
upload which were mea ured more accurately. 

RESULT AND DISCUSSION 

The re ult have been reduced to the u ual non­
dimen ional coefficients which are defined as follows: 

. Drag 
Drag coeffiClent, Cs= q (vol)1 

L'ft ffi' t Lift 
I coe Clen, L= q (vol)1 

I{ t ffi
·' C Momentabout center of buoyancy 

omen coe CIClh, m= q vol 

ffi' t C' Elevator force normal to hull axis 
Elevator force coe Clen, 8= q S 

Elevator hinge moment _ Moments about elevator axis 
coefficient Cn - q S c 

where q- dynamic pre ure in pounds per quare foot 
vol- volume of hull in cubic feet, 

S-area of elevator in quare feet (not includ­
ing balance vane ), and 

c - chord of elevator in feet. 

The faired coefficient are pre ented in Table I, II, 
and III for the bare hull, the hull with the control car 
and Mark-I surface, and with the control car and 
Mark-II surface, re pectively. 

The drag coefficients are corrected for tare drag and 
for static pressure variation in the tunnel which amount 

? 
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to about 3 per cent and 10 per cent, respectively, of 
the gross dl'aO' of the bare hull at 0° angle of pitch. 
The static pres me variation along the hull i given in 
the following table: 

a/L ••• O 0. 1 0.2 0.3 0.4 0.5 0. 6 O.i 0.8 0.9 LO I~ III ~I ' IIII I p/q •.. ~-:025-:020-:OU .015 ~I~-:mo-:mo-:ou~ 
0.050 = 1-1- ct~%/l)et/; IfU~b0/~~t _. 

~t7' 0.040 - .. ,"--
-

W - 1-1-
- 1-1--. 

0.030 

= ~ t-~ r:t~. I 
~ l-I- . R~"_f '~~l~ - I-

0.020 :-- t::-1-- I-l 
'-l- +- "f7a~iM~~ 'curve 

density wind ttmnel. A wooden model, one two­
hlilldredths cale and of polygonal cro ection imilar 
to the model of the pre ent te t ,wa te ted both on 
the main balance and on the auxiliary balance in the 
old open-throat variable-density tunnel. (Reference 
3.) A metal model, one two-htmdred-fiftieth scale, 
had a circular cross ection and wa tested on the 

1-/- + 

a 

" 

+ 
+ 

~ 
V. O. T. metal model ~~ 

r+-IT 

P. R. T. (law speed tests rt " 
I- r--- t--- I- + +++++-H-.L..L+-bI,I4++H+H-l-H-l-Hf-H++--+-+-H--H-+-H-f-H'HP. f!. T. (high speed fesfs)f-t-rl-i~·"";=~ 

l-I- -~ I-r-

t 
V. D. T. (wooden model).+ I-I­

H -++H'-H"-<d-H-t+H-t+t++++t+t-t+t+t-t++( auxiliary balance)-I-
I- --

I I 

i-j 

~. -j . II 
I , 1 . 

0.010 I I 1 I I I 

I- - . - -r-
, -1- j i-!-H-

0.008 
I- -

Cs I- -
t-

, 
i - I 

0.006 I-

~ ':::: 
± 

0.005 -+ 
~ =. 
I- .~ 

0.004 
I-

-.- r--,-

rr ,-I 
I 

I 

-I t II 
I 1 

4 5 6 8 10 7 

}I'll,VHe ~.-E.\pCri!llCHIHJ dnlg t'oellici Ills .:illfl cOll/puled friet iOJlC1I ~dmg eocnicicnl.s of hate buJJ for tllC I /O~!-i('ale modeJ l l. H. H. ~ lkrOll 

whrl'e (( is Lhc disLanec frolll Lhe nose, L Lhe length of 
Lhe hull, p the tatic pre ure at a point on the axis of 
the tLmnel, and q the dynamic pre sure of the ail' 
keam. 

The method of determining the latter correction 
was to plot the static pressure measured in the absence 
of the model at the points along the axi against the 
corre ponding cross- ectional area of the hull and 
then to integrate the area tmder the re ulting curve. 

The drag coefficients of the bare hull for three values 
of the Reynolds umber are given in the following 
table and compared with the results obtained with 
two model of the ame airship te ted in the variable-

aux iliary balance in Lhe new dosecl.-Lh.roaL arrangel1lell t 
of the variable-den ity tLUlllel. The result of Lite 
latter te ts have not previously been published. 

r (v (von! ) . _ Reynolds Number -v- .................... 3,050,000 3,130,000 

P. R. T. model7,R -4 (one·fortieth cR le) .......... C.=0.0198 0.0193 
V. D. T. wooden model (main balance) (one·two 

hundredth sco le) _ .............................. C.= ................ . 
V. D. T . wooden model (aLL,iliery balance) (oue· 

two hundredth scale). . .................. ... .... C.=. 0215 .0212 
v. n. T. metal model (aLLxiJiar y balance) (one·two· 

fiftieth scale) .....•............ _ .............. C.=.0228 .0223 

4,300,000 

0.1090 

.01 0 

.0209 

.0219 

The re ults of the present te ts at the highe t 
Reynolds umber are een to be about a mean of the 
resLuts obtained in the variable-den ity tlLllnel for the 
one two-htmdredth cale wooden model. The agree-
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ment is not quite so good, however, when the results 
are compared to those of the metal model, which are 
about 15 per cent higher than the present results . It 
should be noted, however, that the accuracy of the 
tests conducted in the old variable-density tunnel i 
somewhat questionable becau e of a very large hori­
zontal buoyancy correction. Al 0, in the ca e of the 
tests on the main balance, the interference effect of 
the relatively large treamline supporting- trut are 

.co 
~ 

l- f- J Devator angle, a I I I -~t 0 Mark Jl surfaces and control car 

II ~ 
.18 

1/11 0 

/1111 
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FIGURE 9.-Drag coefficients-bare hull and hull with l ark-Ulail surfaces and 
conlrol ca r (q=25 .6 pounds per square foot) for [beHo-scalo model U. S. S. 
Akron 

lUlknown. The difference between the pre ent re ults 
and those of the new closed-throat variable-den ity 
tunnel, in which the buoyancy correction was quite 
small, might po ibly be attributed to the difference in 
cross ection between the two model . The drag 
coefficients are plotted again t Reynold umber in 
FigUl'e 8 on logarithmic scale and compared with the 
variable-density tunnel re ult and al 0 with the 

1:'1] 61:'1 :'12--2 

frictional drag for the present model computed by the 
method described in reference 6. The tran ition 
CUl've was computed for the critical boundary-layer 
Reynold umber corresponding to the transition 
point found in the boundary-layer mea Ul'ements. 
(Reference 2.) 

The high-speed portion of the curve for the subject 
test approximates that of the computed transition 
curve, whereas the low-speed values, contrary to what 
one would expect, increa e with decrea ing Reynolds 

umber until at tbe lowest speeds the curve approxi­
mates the computed curve for completely turbulent 
flow. Tbjs variation may po sibly be accounted for 

60 
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F IGURE IO.- L ift \::oefficients (q=25.6 pounds per square foot) for the ho-scale 
model U. . . Akron 

by a hange in the air-stream turbulence. 1£ the de­
O'ree of turbulence in the wind tream were the same 
for the low- peed a for the high- peed te ts the experi­
mental curve for the former would be expected to fall 
along the tran ition curve approximated by the bigh­
speed drag values. The fact that the rate of increa e 
of the drag coefficient , with decrea ing Reynold 

umber, is greater for th low- peed than for the high­
speed te t apparently indicates that the degree of 
turbulence in the air tream was greater for the low 
speeds, in which the pitch of the wind-tunnel propeller 
wa decrea ed, than for the high peeds. The direct 
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comparison of the measured and fri ctional drag, as 
gi ven above, is considered justified by the fact that the 
pressure drag on tills model determined from pressure­
distribution tests (reference 6) was negligible, within 
the accuracy of the tests. 

The drag of the bare bull in the second position, 
about 7 feet downstream, was 12 per cent higher than 
for the first. These results are somewhat question­
able, however, because of the un teadiness of the 
model and the uncertainty of the tare drag in this 
position, both of which were due to the fact that the 
rear supporting wires were in the very turbulent back­
wash froID the bell of the exit cone. If the tare drag, 
determined for the first po ition is u ed in calculating 
the drag the difference is reduced to 8 pel' cent. The 
horizontal buoyancy correction for the second position 

30 - --L-- IMa;k J 1urf~ceslan)con~rol ~ar_ -
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£''''l'I{E J l,- l 'ilching.Il1oment coeflicient.s "bout cenler o[ buoya ncy (q=25.G 
pounds per squnre root) [or the }1o·scale model U . S. S. Akron 

wa 6 per cent of the drag of the hull and was in the 
opposite direction to that of the upstream position. 

The drag coefficients for the bare hull and for the 
hull fitted with the M ark-II surfaces and control car 
are shown in Figure 9 for the various angles of pitch. 
The Mark-II surfaces and control car increased the 
drag coefficient from 0.0190 to 0.0242, at 0° angle of 
pitcb, an increase over the bare-hull drag of a bout 27 
per cent. The results were approximately the same 
with the Mark-I urI aces at this angle of pitch. At 
other angle of pitch the Mark-I surfaces gave a some­
what lower drag coefficient than the Mark-II. A 
drag test of t he hull with the control car showed that 
the eontribution to the drag of this appendage wa 
less than 3 per cent of the drag of the bare hull. 

The lift coefficients for the hull with the tail sur­
faces, shown in Figure 10, are very little different 

for the two sets of tail surfaces although, in general, 
the Mark-II coefficients are slightly higher. 

The pitching-moment coefficients, taken about the 
center of buoyancy, are given in Figure 11. The 
slopes of these curves indicate that the model, with 
either set of tail surfaces, is somewhat unstable for 
angles of pitch up to go, i then appro}.imately neu­
trally stable for a small range, and is stable for pitch 
angles greater than 12°. The instability is somewhat 
less with Mark-II tail surfaces than with Mark-I. 

The pitching-moment coefficients are consid erably 
lower for the Mark-II fins and elevators than for the 
Mark-I, indicating that the former, although having 
approximately 10 per cent less area, should give 
better control. This indication is hown in a different 
manner in F igure 12, in which the elevator angles for 
zero moment, obtained from the intersection of the 
moment curves with the axis of abscissa (fig . 11), 
have been plotted for the corresponding angles of 
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Fl.GURE 12.-Elevator angle required for zero moment. The l4o·scale model 
U. S. s. Akron 

pitch. From these curves may be determined the 
elevator angle required for zero pitching moment at 
any desired angle of pitch. The difference in the two 
curves is small at the low angles but increases with 
pitch angle to a maximum at about 10°, where the 
elevator angle required for zero moment with the 
Mark-II surfaces is nearly 3° less than with the 
Mark-I. The fact that the moment coefficients are 
not zero for the 0° angle of pitch at the 0° elevator 
setting indicate that there was a slight asymmetry 
in the model or that the air flow wa not strictly axial. 

The coefficients for the elevator forces normal to 
the axis of the hull are compared in Figure 13. The 
Mark-II coefficients are higher, in general, than the 
Mark-I, the difference being small at the low elevator 
angles but increa ing with elevator angle to a maxi­
mmu at 20° . The coefficients change very slowly 
with angle of pitch up to an angle of 10°. This slow 
change is probably because the direction of the local 
velocity over the elevators at the low pitch angles was 
controlled by, and was parallel to, the main fin 
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urface . As the angle of pitch increased the influence 
of the fixed fin surfaces decreased; hence, the elevator 
forces increased more rapidly. 

The variation of the elevator hinge moments with 
elevator angle i hown in Figures 14 and 15 for five 
angles of pitch. The results for the two types of 
surfaces are imilar in that they show that the elevators 
were considerably overbalanced for a very large range 
of elevator angles. In both cases the overbalance i 
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FIGURE 13.- Elevator rorce coefficients (q=25 .6 pounds per square root) 

a maximum, for the low angles of pitch, at approxi­
mately 0 = 0 and again at 0 = - o. The overbalance 
with the Mark-I surface, however, icon iderably 
Ie s than with the Mark-II, a was to be expected, 
since the balancing vanes for the :Mark-II surface 
were larger in proportion to the area of the elevator 
urface than tho e of the Mark-I, while the chord of 

the Mark-II elevator ,vas about 10 per cent Ie than 
that of the Mark-I. A better method of comparing 
the e surface is to compute the moment of the ar a 
of the elevator urface and the balancing vane about 
the elevator hinge axi , considering that th moment 
of the balancing vanes arc oppo ed to those of the 
elevators. The moments for the Mark-II surface, 
if computed in this manner, are about 20 per cent less 
than those of the Mark-I. 

It i under tood that in the design of the elevator 
surface a c rtain amount of overbalance was intended 
in order to overcome the friction in the control system 
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FIGCRE 14.-Eleva(or hinge moment coefficients. The Ho·scale model U. S. S. 
Akron. Mark-II tail surraces. (q=25.6 pOlmds per square root) 

and, more particularly, to reduce the hinge moments 
at th high angles of the e surfaces. The range and 
magnitude of the overbalance hown in the re ult . of 
the pre ent te t, however, seem to be exces ive, 
e pecially in the ca e of the Mark-II control surface. 
The re ults of the e tests have since been confirmed by 
full- cale flight te t . 

The re ults of the elevator hinge moments and force 
for the lark-II elevator without the balancing vane 
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are pre ented in Table III-f and Table III-g re­
spectively. The hinge moment for the 00 angle of 
pitch are aJ 0 included in the plot in Figure 13. 

ON LUSIONS 

1. The drag of the bare hull at the high Reynolds 
umbers wa found to be in rea on able agreement 

with the results of previous tests on model of the same 
airship. 
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2. The Mark-II t ail surfaces were found to give more 
favorable characteristics with re pect to control than 
those of the Mark-I. 

3. The result of the measuremen ts of the elevator 
hinge moments howed that these coefficien ts were 
considerably greater for the M ark-II fins at the high 
elevator angles than for the M ark-I and that both sets 
of elevators were overbalanced for a large r ange of ele­
vator angle , this overbalance appearing to be cxce lye 
for the Mark-II elevators . 

L ANGL EY M E MORIAL A E RO NAUTI CAL L AB ORATORY, 

AT IONAL ADVIS ORY COMMITTEE FOR A EIWNAUTICS, 

L ANGL E Y FIE LD , V A., M ay 6, 1932. 
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T ABLE I 

q 

- - -

12. 5 
19. 0 
25.6 

12.5 
19.0 
25.6 

12. 5 
19.0 
25.6 

y.!o-SCALE M ODEL U. S. S. "AIeRO " 

BAR.E H ULL 

LIFT, DRAO, AND PITCHI TO-MOMENT COEFFICIENTS 

Angle of pitch, 0 

_3° I 0° I 3° I 6° I 9° I 12" I 15° I 18° 

D 
CS=q(vol) 211 

0. 0199 

1 

0.0198 

1 

0. 0208 
1 O. 0229 1 O. 0280 1 O. 03M 1 

0.0478 

1 

0.0628 
.0193 .0193 . 0202 . 0222 . 0273 . 0346 . 0467 .0619 
.0191 . 0190 .0200 .0219 .0270 . 0342 .0460 .0613 

L 
C"=ij(vol) '/3 

-0.006 

I 
0. 000 

I 
O.Oll 

I 
0. 029 

I 
0.

054
1 

0.080 I 0. 115 

I 
0. 155 

-.006 .000 . Oll .029 .OM .080 .115 .155 
- . 006 . 000 .Oll .029 .054 .080 

I 
. Il5 .155 

C _ 1\1 
m - q vol 

-0.070 

1 

0.003 

1 

0.07 

1 

0.150 

1 

0.
212

1 
0.260 

I 
0.307 

I 
0.348 

-.070 .003 .07 .150 .212 .260 .307 .348 
-.070 . 003 . 078 . ISO .212 .260 .307 .348 

I 20° 

1 

0.0 73 
.0751 
.0737 

I 
0.183 
.183 
.183 

1 

0.377 
.377 
.377 



I· 

FORCE MEASUREMENTS ON A 1/40-SCALE MODEL OF THE U. S . AIRSHIP "AKRON" 

TABLE II-a 

Xo-SCALE MODEL, U. S. S. "AKRON" 

MARK I TAIL URFACES 
DRAG COEFFI CIE TS 

D 
Cs= q (vol) "3 

Angle of pitch, 0 

6 q 

______ ~ __ 00 ____ 3_0 ___ 6_° ___ 9° __ ~~ ~I~ 
-20° 12.5 0.0385 0.0331 0.0316 0.0343 0.0419 0.0580 0.0815 0. 1117 

19.0 .0380 .0327 . 0310 .0336 .0411 .0563 .0780 .1090 
25.6 . 0376 .0325 .0308 .0331 . 0408 .0555 .0767 . 1079 

-15° 12.5 . 0343 .0300 . 0294 .0328 .0417 .0581 .024 .1140 
19.0 . 033 . 0296 .0288 .0323 . ().IO .0566 .0797 .1116 
25.6 .0335 .0294 .0286 .0319 .0405 .0559 .07 7 .1104 

- 10° 12.5 .0274 .0275 .0320 .0417 .0586 .0 4 .1185 
19.0 .0289 . 0270 .0314 .0406 .0573 .0 20 . 1160 
25.6 .0266 .0268 .0311 .0402 .0565 .0809 .1149 

12.5 . 027 .0255 . 0263 . 0317 . (HI0 .0595 .0872 .1241 
_5° 19.0 .0272 .0250 .0259 .00 ll .0410 .0583 .0846 .12ll 

25.6 .0270 . 024 .0257 . 0309 .0405 .0575 .0834 . 1200 

0° 12.5 .0263 . 0246 .0260 . !Xl23 .0435 .0615 .0907 .1306 
19. 0 .0258 .0242 .0257 .031 .0427 .060 1 0 .1275 
25.6 .0256 .0240 .0255 .0314 . 0421 .0591 .0868 .1261 

5° 12.5 .0261 .0254 .0276 .0344 .0472 .0665 .0967 .1699 
L9.0 . 0257 .0249 .0273 .0339 .0465 .0651 .004L .1655 
25. 6 .0255 .0247 .0271 .0335 . ().I 60 .0041 .0926 .1634 

10° 12. S .02(;9 .0272 .0520 .0732 .LOL9 .1806 
lIl. 0 .00fl'l .0266 . 0514 .0720 .1038 .1759 
2';.6 .0262 .0265 .0509 .0714 .1007 .1742 

15° 12.5 .0283 .02'JI .057.'; .0805 .1130 . 191 
19.0 .0279 . 0292 .0569 .0795 .1111 .1867 
25.6 .02i7 .029 .056.'; .0790 .1105 .1 

20° 12. S . 0314 .0034 .1232 . 1686 .2{)35 
19.0 .0309 . 0328 .1215 .1652 .19 
25.6 .0306 .0325 .1211 .1044 .19n 

TABLE II-b 

LIFT COEFFICIENTS 

L 
CL= q (\'01) 'I' 

Angle of pitcb, 6 

8 q 
_3° 0° 3° 6° 9° 12" 15° 1 ° 20° 

--------------------- ------------
_20° 12.5 -0.090 -0.055 -0.020 0.021 0.075 0.139 0. 210 0.290 0.344 

19.0 -.000 -.055 -.020 .021 .073 .136 .207 .285 .339 
25.6 -.090 -.055 -.020 .021 . Oil .133 .m . 2 I .335 

_15° 12.5 -.Oi5 -.040 -.006 . 035 .089 .153 .225 .306 . 361 
19. 0 -.Oi.'; -.040 -.006 .035 .087 .149 . 222 .302 .357 
2.';.6 -.Oi5 -.().IO -.006 .035 .085 .11:; .219 .299 .353 

_ 10° 12. :; -.001 -. 021; .O()<J . OW .102 . Hii .240 · :12l • :Ii 
HI. 0 -.()(i l -.026 .009 . Oil! .100 . I f';! .235 · :l1i • :li4 
2S.6 -.061 -.026 .009 .OW .099 .1 60 .231 .311 .370 

_5° 12. !) -.04., - . 011 . U23 .064 .119 .1.'1 . 25i .3:1!J · aoo 
lIl.O -.().\S -.011 .023 .064 .116 . liV .252 .3()'\ .3UI 
2:;.6 -.015 -.OIL .023 .0&1 .111 .li5 .247 . 330 .3h6 

0° 12. 5 - .030 .OQ.I .037 .0i9 .132 .199 .271 .356 · III 
19.0 -.030 .004 .037- .Oi9 .130 . 195 .270 . 352 .40U 
25.6 -.030 .001 . 037 .079 .129 .191 .266 .34 .405 

5° 12.5 - . 017 .017 .052 .094 .150 .216 .290 .3i5 .431 
19.0 -.017 .017 . 052 .094 .147 .213 .286 .370 .426 
25. 6 -.017 . Ol7 . 052 .094 .145 .210 .282 .36.'; .421 

10° 12.5 -.002 .031 .067 .110 .16.'; . 232 .309 .392 .450 
19.0 -.002 .031 .067 .110 .163 .229 .305 .3 .445 
25.6 -.002 .031 .067 .110 .162 .226 .301 .385 .440 

15° 12. 5 .013 . 046 2 .125 .1 0 .250 .326 . 410 .467 
1 .0 .013 . ().\6 .082 .125 . 179 .247 .323 . 405 .463 
25.6 .013 . ().I6 . 082 .125 . 17 .245 .320 .401 .459 

20° 12.5 .026 .060 .096 . 140 . 196 .267 .344 · {27 .485 
19.0 .026 .060 . 096 .140 .195 .264 .341 .423 .4 
25.0 .026 .060 .096 .140 .194 .262 .339 .420 .4i5 

- - -

13 
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TABLE II-c 

P I TCHING-MOMENT COEFFICIENT 

M 
C .. =QVof 

Angle of pitch , 0 

_3° 0° 3° 6° go 12° 15° 18° 20° 

--- ------ - ----------- ------------
-20° 12.5 0.059 0. 095 0. 139 0.174 0.1 9 0.19~ 0.188 O. In o. lr,o 

19.0 . 059 .095 .139 . 174 .190 .195 .191 .li6 · l63 
25.6 . 059 .095 .1 39 · 174 .191 .196 .194 .179 · J(i5 

-15° 12. 5 . 039 .077 .120 . IM .170 .173 . 165 .149 · 135 
19.0 .039 · on .120 . IM · l72 .17(; .In .152 · l38 
25.6 .039 . 077 .120 . 15-1 · In • J i .170 .155 .140 

_10° 12.5 .016 .055 .099 .131 .148 .ISO . 139 .120 . 105 
19. 0 . 01(; . 055 .099 · l3l .149 .153 · 142 .123 · 10~ 
25.6 .ow .055 .099 .131 . ISO .155 . 145 .125 · 110 

_5° 12 .. 1 -.009 .025 .075 · 10~ .123 · l25 · 114 . 091 . 07:\ 
19.0 -.009 .025 .Oi5 .107 · .124 · 12~ . I\(; .09:\ .070 
25.6 - .009 .025 .075 .107 · 125 . 130 · 118 .095 . 07i 

0° 12.5 - .0:\6 · OO~ .OSO · OR2 . 098 . 100 . 084 . 059 .om 
19. 0 - . 036 . 004 .OSO .082 .099 .103 .0 6 .061 .~I 
20.6 - . 036 .004 . OSO .0 2 . 100 .105 .0 .063 .~J 

5° 12.5 - . 065 -.021 .022 .055 .009 .071 . 051 .025 .003 
19. 0 -.Oij5 -.02l . 022 . 055 .072 .072 .053 .02 .00fi 
25.6 -.OCS -.021 .022 .05.1 .074 .073 .055 .030 .009 

10° I::? [) - .090 - .048 -.005 . 027 .040 .039 .020 -.OOH - .03l 
19.0 - .090 -.~ - .005 . 027 .01'3 .~2 . 02:1 -.005 -.02g 
25.6 -.090 -.048 - . 005 .027 .045 .044 .025 -.002 -.025 

15° 12. 5 -.Ill -.069 -.030 .000 .013 .00 -.010 -.038 -.060 
19.0 - . 1l1 - .069 - .030 .000 .014 . 010 -.007 - . 035 -.0.57 
25.6 - .111 - .069 -.030 .000 .015 .012 -.005 - . 032 -.055 

:?O0 l2. 5 -.130 -.07 -.054 -.029 -.017 -.021 -.040 -.0 -.088 
19.0 -. 130 -.07 - . 054 -.029 -.015 - . 019 -.038 -.066 -.086 
25. G -.l30 -.087 -.054 -.029 -.014 -.Ol7 -.037 -.064 -.084 

TABLE II-d 

ELEVATOR FORCE COEFFICIENTS 

GB=LII 
q 

Angle of pitch, 0 

_~o 0° 3° 6° go 12° 15° 1 ° 20° 

- -------- ------ ------ ------ ------
-20° 12.5 -0. 671 -0. 615 -0.570 -0. 536 -0.523 -0.523 -0.514 -0.502 -0. 499 

19.0 -.659 -.604 -.559 -.525 -.511 - . 511 -.S04 -.492 -.4 
25.6 -.647 -.591 -.547 - . 515 -.500 -.SOl -.492 -.4 3 -.41 

- 15° 12. 5 - . .569 -.,,30 -.496 - . -/71 - .459 - .468 -.456 - . 44fJ -.441 
19. 0 - . 580 -.54 1 - . 508 - .42 - .470 -.477 - .467 -.456 - .451 
25. (; - .5 -.5<19 -.515 - . 492 - .480 - . 486 - . 476 -.467 -.461 

- HI" 12 . .') - -161l - .42!) - . :194 - .3fi;\ - . 341 - .334 - . :302 - .zgl -.270 
19. 0 - .47" - .43.1) - .400 -.:170 - .:15J - .:342 - .310 - .2 - .27R 
25. H - . '10 -.'14l - .407 -. :Ji5 - . :358 -. 349 -. 317 - .298 -. 2Rfi 

_ 5° 12. !) -. 279 - .244 - .210 - .tUn - .l7 -. It',l; - . 101 -. 0(iU - .05.) 
19.0 - .279 - .2'14 - .219 - .195 -. 17 - .1.5R - .105 - .ON -. 060 
25.6 - .279 - .244 - .219 - . 195 - .17 -. 161 - .110 - .079 -. 06r, 

0° 12.5 - . 053 - .019 .010 .Ozg .042 · on · 140 . 174 . 194 
19.0 - . 053 -.019 .010 .028 . ~2 . 071 .13 .170 190 
25. G -.053 -.019 . 010 .02 .042 .070 · 135 .165 .185 

5° 12. 5 . l65 · 197 . 231 .209 . 273 . 304 .3r.4 . 410 .425 
19.0 . l68 .200 .234 .261 .273 .304 .364 .4 10 .425 
25.6 .171 .202 .236 .263 .273 .304 .364 .410 .425 

10° 12.5 . 356 .425 .452 .470 .493 .544 .59:1 .610 
19.0 . 363 .396 .433 . 461 . 479 .SOl .551 .60t .617 
25.6 .371 .403 .440 . 470 .4 7 .510 .559 .609 .624 

15° 12.5 . 496 .525 .566 .595 .621 .652 .709 . 761 .781 
19.0 .515 . 541 .580 .605 . 635 .665 .721 .771 .791 
25. 6 .534 .560 .59 .623 .648 .679 . 733 .7 3 00 

20° 12.5 .577 .619 .676 . 725 .771 15 .873 .929 .949 
19.0 .586 .627 5 .734 .779 23 5 . 939 .957 
25. 6 .595 .635 .6\/3 · H l .78 32 95 .94 .965 

--- - - - - - --
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TABLE II-e 

ITINGE MOMEN'l' COEFFICIEN'l' 

Cn=Mn 
qSc 

Anglc of pitch, 8 

9° 

------------ '---------------
-20.° 12.5 0..0.97 0..0.79 0..0.62 0..0.16 0. 03:! 0.024 O.OIU 0.0.15 0.0.13 

19.0 . 098 . 081 .Ofi.l . 04 .0.,5 .027 .022 .OH! .0111 
25.6 . 099 .082 . 0f.5 .050 .0:17 .029 .02.5 .021 .OP, 

-15° 12.5 .055 .036 .025 .015 .006 -.002 -.OO~ -.011 -.014 
19.0 .055 .036 . 025 . 015 .006 -.002 -.00' -.011 -.011 
25.6 .055 .036 . 025 .015 .001; -.002 - . OOS -.011 -.014 

_10° 12.5 .007 -.001 -.004 -.006 -.0 11 - . 017 -.Olb -.021 -,025 
19.0 .005 -.OO:! -.OOd -.008 -.013 -.018 -.OIU -.022 -.02(; 
25.6 . 004 -.001 - . 007 -.009 -.014 -.OW -.020 -.023 -.0.2, 

_5° 12.5 -.OOH - . OO:! -.00:\ - . 008 -.015 -.0.20 -.OH, -.02:) -.02, 
19.0 -.006 - . DO:! - . 003 - . nOI! -.OW -.021 - . 0111 -.024 -.02H 
25. (j -.OOG -.OC3 -.OO:! -.009 - . 01(; -.022 -.020 -.02.1 -.029 

0° 12.5 .000 .004 .00·1 - . 002 -.011 - . Olfl -.01·1 -.020 -.0.24 
19.0 .000 . 00·1 .()().j -.002 -.012 -.017 -.015 -.0.21 -.O::!5 
25. {j .0.00 . 00,1 . 0.0.4 - . 002 -.0.12 -.018 - . 0.1(; -.0.22 -.0211 

5° 12.5 . OOi .oon .005 .000 -.OOS -.0.14 -.o.PI -.02fl -.0..;1 
19.0 .007 .009 .005 . 000 -.OOh -.tl1! -.O!X -.02fi -.0.11 
25. 6 .007 . OOU .005 .000 -.008 - . 014 -.0.10 -.02n -.0.\1 

10° 12.5 .0.08 .002 -.005 -.013 -.022 -.0:10 -.040 -.051 -.(}H2 
19.0 .009 .001 -.00:1 -.011 -.Olil -.02 -.();l7 -.OSI - .OS!I 
25.0 .OO!I .005 -.002 -.()(W -.0 1, -.025 -.0;14 -.01'> - .0.5,; 

15° 12. 5 -.Ol:! -.02, -.044 -. 0:!3 -.059 -.OOIi -.Oili -.0. '5 -.OUO 
19.0 -.0.11 -.0.2.1 -.0·12 -.031 -.058 -.on.5 -.075 -.0;>1 -.DHU 
25.6 -.009 -.023 -.040 -.030 -.0.57 -.OIi4 -.07·1 -.OS:! -.Oh' 

20° 12.5 -.0.55 -.0.72 -.Qhh -.0. -.0.82 -.Qb9 -.100 -.11:1 -.120 
19.0 - . 055 - . 0.72 - . 0' -.004 -.0.82 -.Qti9 -.100 -.II:! - . 120 
25. 6 -.055 - . 0,2 - . 0 , -.OM -.os2 -.0'9 -.100 -.11:1 -.120 

TABLE I II-a 

~o SCALE MODEL S. "Al{RON" MARK II TAIL SURFACES 

DRAG COEFFIClEN'l'S 

C- D . 
• q(\'o]j2}' 

---
A ngJe of pitch, 0 

/j -- ---q 

_0_° 1_3_0 
I -3° 6° 

1_90 
12" 

--
15° 1 ° 20° 

----
_20° 12.5 0.0395 0.0339 0.0325 0..0353 0.0446 Q. 058:l O. 080ti 0.1095 0..1315 

19.0 .03S:! .0332 .0319 .0345 .0432 .0509 
25. 6 .0:lS:J .0035 0317 . 0041 

I 
.0123 .0.557 

-150 12.5 .0351 .0307 .000.1 .033:1 .0131 .0.'>1;1 
19.0 .0:141 .0001 .0297 .0320 .0412 · (~i56 

I 
25.6 .0042 .0200 .0291 .0016 .0102 .054;' 

_ 11)0 12.5 . (l315 .02XO .0285 . (J31U .0425 .0560 
19.0 .0.310 .0.275 .0200 .0311 .0110 .0.i63 

07U7 .10Il5 .131.; 
0.790 .1073 .12'.1') 

0802 .1111 · I :I~(] 
0.790 · 10!J:l · 1:15, 
07«:1 · w"z . I:I:l>S 

(l~20 .1147 · 1421 
ObOl; .1127 · HOI 

2.5. fi .030r. .0.275 .02;5 .0307 .0100 .0551 0799 .1115 .13S:! 

_5° 12.5 .0282 .0259 .0274 .0015 .0430. • QS ~ I 19.0 . 0281 .0255 .0268 .0311 .011 .0570 
25.6 .0.278 .0255 . 0265 .0309 .0109 .0571 

0b50 .1193 .1182 
D>;3!1 · 1l7S · It5!) 
Ob2'J . 11Gb · Han 

0° 12.5 .0259 .0217 .0.269 .032·1 .0117 .0618 0&93 .1268 .1 5f,o 
19.0 .0261 . 0.242 .0268 .0018 .0435 .0608 OSit .123l) .Isar. 
25. 6 .0262 .0.242 .0268 .0320 .0.130 .060.5 o 72 .1231 .1511 

5° 12.5 .0259 .0.259 .0.285 .0347 .04S:! .0665 0956 .1345 .1651 
19.0 .0265 .0256 .0 5 .0343 .0470. .0656 0941 I .1321 .1632 
25.6 . 0265 .0255 .0.285 .0345 . 04 .0653 0930 . 1308 .1610 

10.° 12.5 .0276 .0281 .0320 .0390 .0535 .0.733 
19.0 .0 2 .027 .0316 .03S3 .0522 .0725 

1045 .1443 .1762 
1030 .1421 .1741 

25.6 . 0280 .0275 .0314 .03S3 .0.521 .0720 1017 .1407 .171; 

15° 12.5 .0303 .030 .0361 .0.139 .0596 .0 W 1149 .154b .1 , 
19.0 .0.300 .0305 .0354 .0432 .0583 · 0S0l> 1133 .1530 .1 55 
2<;. 6 .0300 .0300 .0350 . 04 . 0583 · 0b01 l1l .1512 .1S:!3 

20° 12. 5 .0335 .0338 .0407 .0495 .0663 .0909 
19.0 .0324 .0334 .0396 .04 7 .0651 .0897 

1261 .1655 .201 
1212 .1643 .1970. 

25.6 .0324 .0336 .0389 . 0477 .0650 .0890 1227 .1621 .1950 

, 
l~. ______ ~ ______________ _ 

------ ---

·1 

I 

15 
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, 

a q 
_3° 

,---------
-200 12.5 -0. 095 

19.0 - . 096 
25.6 -.095 

-15° 12.5 -.080 
19.0 -.0 I 
25.6 -.080 

-10° 12. 5 -.065 
19.0 -.065 
25.6 -.065 

_5° 12.5 - . 051 
19.0 -. 050 
25.6 -.050 

0° 12.5 - . 035 
19. 0 -.036 
25.6 -.035 

5° 12.5 -.021 
19.0 - . 021 
25. 6 -.020 

10° 12. 5 -.006 
19.0 -.006 
25.6 -.006 

15° 12.5 .009 
19.0 .008 
25.6 . 008 

20° 12.5 .024 
19.0 .024 
25. 6 . 025 

a q 
_3° 

---------
-20° 12. 5 0. 056 

19.0 .057 
25. 6 . 063 

- 15° 12.5 .037 
19.0 .039 
25.6 .040 

-10° 12.5 . 017 
19. 0 . 019 
25.6 .015 

-5° 12. !) -. 008 
19.0 - .006 
25.6 -. 007 

0° 12.5 - .034 
19. 0 -.032 
25.6 -.032 

SO 12.5 - .063 
19.0 - . 059 
25.6 -. 058 

10° 12. 5 -.087 
19. 0 -.084 
25. 6 - .081 

15° 12. 5 -.109 
19. 0 - .106 
25. 6 -. 107 

ZO° 12.5 - . 128 
19.0 -.125 
25.6 -.130 

0° 

---
-0.059 
- . 060 
-.059 

-.045 
-.045 
-.045 

-.029 
-.030 
- . 030 

- . 015 
-.015 
- . 015 

.000 
.000 
.000 

.015 

.015 

. 015 

.029 

.029 

.029 

.045 

.044 

. 044 

.061 

. 061 

.0 

T ABLE I II-b 

LI FT C OEFFICIENTS 

L 
GL=q(vol)'/I 

Angle of pitch, 0 

3° 6° 9° 12° 

--- --- ------
- 0.020 0.025 0. 080 0. 143 
- . 021 .024 .077 . 137 
- . 021 .024 .077 . 135 

-.006 .039 .095 . 157 
-.006 .039 .092 .153 
- . 006 .03 .091 .150 

.009 .054 . 107 .171 

. 00 . 053 .105 . 167 

.00 .051 .105 .165 

. 024 .070 .122 .186 

.023 . 067 . 119 .182 

.023 . 066 .lI9 . ISO 

. 039 .084 .13 . 203 

.03 .01 . 135 . 199 

. 037 . 0 1 .1 33 .1 96 

. 053 . 100 . 156 .222 

.053 .097 . 152 .216 

.052 .095 . 149 .212 

. 069 . 115 . 174 .240 

. 067 . 113 .170 .235 

.067 . III .166 .232 

.084 .132 . 191 .258 

.084 .130 .1 .253 

.082 . 128 . 1 5 .253 

.101 . 151 .210 .279 

.101 .149 .208 .277 

.09 . 143 . Z06 .276 

TABLE IlI- c 

P IT CHING·MOMENT COEFFICIE NT 

1'1 
Cm=gvOI 

Angle of pitch, 0 

0° 3° 6° 9° 12° 

---------------
0.096 0.133 0.1 61 0.172 0. 176 

. 093 .128 . 158 . 173 .176 

. 101 .133 .159 .174 . 178 

. 076 . lI 3 .142 . 155 . 157 

.077 .113 . 142 .156 . 162 

.077 . 112 .142 . 156 .159 

. 054 .091 .124 . 135 .136 

.056 . 090 .117 .135 . 140 

.053 9 .120 .135 . 137 

.032 .069 . 100 .1 13 . 112 

.032 .067 .098 . 112 . 112 

.03 1 .067 .097 . 112 . 111 

.007 . 04~ .Oi .090 .( c-

.007 .045 .075 . 087 .085 

.006 .043 .073 . 087 .084 

-. 020 .021 .050 .06 1 .057 
-. 017 . 020 .048 .060 .057 
- .019 .01 . 047 .0 .057 

-.042 -. 004 . 022 .030 .026 
-.042 -.005 .020 .030 .026 
- . 042 -.005 . 021 .030 .025 

-.065 -.028 - . 007 - . 003 - . 010 
- .064 - . 030 -.007 -.002 - . 008 
-.065 -.029 -.007 - .002 -.007 

- 6 -.054 - . 035 -.035 -.042 
- . 05 -.055 -.036 - . 032 - .043 
- . 088 - .055 - . 035 - . 031 -.039 

15° 18° 20° 

---------
0.211 0.284 0.334 
.205 .279 .330 
.201 .273 .326 

.225 . 300 .351 

.222 . 297 . 349 

.218 . 292 .347 

. 241 .317 . 372 

. 237 .313 . 368 

.234 .311 .366 

.257 .335 .391 

.253 .331 . 388 

.250 .329 .3 6 

.275 .355 .4 10 

.271 .351 .407 

.267 .349 .406 

.294 .374 . 430 

.289 .3iO . 4 

.284 .366 .425 

. 312 .392 . 447 

.30 .390 .447 

.305 . 3 .446 

.332 .413 .471 

.328 .412 .470 

. 327 .409 .466 

.353 .433 .491 

.351 .432 . 490 

.351 . 431 .4 

15° 18° 20° 

--- --- ---
0.173 0.160 0.150 
.1 73 . 162 . l SI 
.173 .163 .151 

.150 .137 .126 

.157 .142 .127 

.154 .140 .127 

.127 .110 .096 

.131 . lI3 .097 

. 129 . 113 .099 

· 101 .08 1 . 065 
· 101 . 08 1 .065 
.100 .082 .068 

.070 .04 .030 

.070 .0 1 .030 

.070 .050 .035 

· ()40 . 014 -. 007 
. 038 . 01 3 -.006 
.040 .017 .000 

.005 - . 022 - .043 

.007 -.OZO - .041 

.007 -.016 -.035 

-.030 -.058 -. 078 
-.027 -.055 -.075 
-.024 -.050 -.071 

- . 066 -.093 -.112 
-. 061 - . 087 - 107 
-.056 - . 084 -. 106 

j 

. \ 

I , 
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TABLE III-d 

ELEVATOR FORCE COEFFICI ENT 

A ngle of pitch, 0 

6 q 
_3° 0° 3° 6° 9° 12° 15° 1 ° 20° 

--- ------------------------------
-20° 12.5 -0.748 -0.700 -0.667 -0.647 -0.610 -0.600 -0.590 -0.577 -0.555 

19.0 -.74 -.700 -.666 -.645 -.610 -.600 -.594 - 2 -.558 
25.6 - . 748 - . 699 -.660 -.632 -.610 -.600 -.600 - . 591 -.575 

_15° 12.5 -.620 - . 570 -.540 - . 521 -.495 -.494 -.513 -.487 - . 445 
19.0 - . 630 -.57 -.559 -.535 -.507 -.512 -.523 -.495 -.456 
25.6 -.641 - . 604 -.575 -.548 -.530 -.534 -.535 - . 508 -.470 

_!00 12.5 -.493 -.446 -.41 - .400 -.393 -.33 -.365 - . 315 -.244 
19.0 -.497 -.450 -.422 - .405 -.393 - . 385 -.370 -.326 -.260 
25.6 -.505 -.457 -.425 -.405 -.394 -.385 -.380 -.337 -.271 

_5° 12.5 -.270 - . 232 -.215 -.215 - . 219 -.204 - . 165 -.088 -. 022 
19.0 -.273 -.234 -.216 -.215 -.220 -.209 -.170 - . 095 -.029 
25.6 -.277 -.240 -.217 - . 215 -.220 -.210 - . 175 -.100 -.037 

0° 12.5 -.045 - . 020 .010 .014 .005 .027 .089 .180 .255 
19.0 -.038 - .016 . Oil .014 . 005 .023 .086 .171 .241 
25. 6 -.034 -.015 .012 .015 .005 .021 .084 . 163 .222 

5° 12.5 .191 .230 .253 .259 .249 .280 . 347 .426 .491 
19.0 .193 .235 .255 .262 . 251 .280 .347 .426 .491 
256 .205 .237 .259 .264 .253 .280 . 347 .426 .491 

10° 12. 5 .3 3 .423 .451 . 464 .466 .4 3 .570 . 645 .665 
19. 0 .394 . 434 .465 .483 .4 6 .496 .579 .652 .696 
25.6 .403 .446 .480 .500 . 499 .511 .588 . 662 .703 

15° 12.5 .509 .540 .572 . 606 .645 .701 . 7 3 .860 91 
19. 0 .519 .550 .583 .620 .659 .708 . 791 .867 .900 
25.6 .530 .564 .600 .635 .668 .712 .800 .876 .909 

20° 12. 5 .645 .696 .741 .780 28 . 898 .995 1. 056 1. 078 
19.0 .658 .707 .752 .791 40 .912 I. 023 1.088 1.110 
25. 6 .681 .720 .760 . 800 :849 .933 1.047 1.115 1.141 

TABLE III-e 

uri OE MOME T COEFFICIE T 

I 
Angle of pitcb, 0 

$ q 
_3° 0° 3° 6° 9° 1~ 15° 1 ° 20° 

------ --- ------- ---------
- 20° 12. 5 0.113 0.099 0.089 o.on 0.059 0.044 0.031 0.01 0.008 

19.0 .113 .099 .089 .012 .059 .045 .031 .017 .009 
25.6 .112 .100 .089 .012 .059 .045 .031 .017 .009 

-15° 12. 5 .04 .024 .016 .008 .002 -.004 -.005 -.009 -.009 
19.0 .047 .025 .014 .007 .001 - .003 -.006 -.008 -.009 
25.6 .046 .026 .013 .005 .000 -.003 -.006 -.008 -.009 

_10° 12.5 .006 -.003 -.009 -.Oll -.013 -.014 -.015 -.015 -.014 
19. 0 .006 -.003 -.009 - .013 -.015 -.015 -.016 -.016 -.015 
25.6 .006 -.003 -.009 -.014 -.015 -.017 -.017 -.017 -.016 

_5° 12.5 -.007 -.004 -.003 -.006 - . 011 -.016 -.018 -.017 -.013 
19.0 - . 005 -.004 -.004 - . 007 -.012 - . 01 -.019 - .01 -.014 
25.6 -.004 -.004 -.005 -.009 -.013 - .019 -.021 -.019 -.015 

0° 12.5 .006 .010 .011 . 007 -.003 - .012 -.015 -.013 -.009 
19.0 . 005 .009 .010 .006 -.003 -.013 -.016 -.014 -.010 
25.6 . 005 .008 .009 .006 -.005 -.014 -.01 -.015 -.011 

5° 12.5 .01 . 019 .023 .012 .003 -.005 -.008 -.010 -.013 
19.0 .018 . 019 .023 .011 .001 -.005 -.009 -.011 -.012 
25.6 .018 .019 .016 . 009 .001 -.007 -.010 -.Oll - . 010 

!00 12. 5 .01 .016 .009 -.001 -.015 -.022 -.031 -.039 -.046 
19.0 .019 .017 .009 - .001 -.014 -.023 -.030 -.037 -.044 
25. 6 . 020 .01 .009 -.001 -.013 -.024 -.029 -.036 -.040 

15° 12.5 -.019 -.034 -.049 -.050 -.050 -.054 -.063 -.074 -.085 
19.0 -.01 -.034 -.049 -.050 -.050 -.054 -.061 -.071 -.084 
25.6 -.01 -.034 -.049 - .050 -.049 - . 053 -.060 -.070 -.078 

20° 12.5 -.081 - .097 -.107 - . 099 -.096 - .096 -.102 - .112 -.126 
19.0 -.080 - .096 -.107 -.099 -.096 -. 096 -.102 -.112 -.126 
25.6 -.079 - .095 -.106 -. 099 -.096 -.096 -.102 - .112 -.126 



( 

18 

I 

I 

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

6 q 

-20° 19 
-160 19 
-10° 19 
_5° 19 

0° 19 
5° 19 

10° 19 
15° 19 
20° 19 

6 q 

------
_20° 19 
-15° 19 
-10° 19 
_5° 19 

0° 19 
5° 19 

10° 19 
15° 19 
20° 19 

TABLE III-j 

BALANClNG VANES REMOVED 

HINGE MOMENT COEFFICIENT 

Angle of pitcb, 8 

_3° I 0° 3° 6° 9° 12° 

0.189 0.165 0.147 0.135 0.128 0.130 
.122 
.066 
.025 
.001 

- .018 
- .044 
- . 082 
- . 136 

_3° 

---
-0. 610 
-.429 
-.280 
-.155 
- . 009 

.116 

.247 

. 373 

. 519 

.104 .090 .00 .074 . 073 

.050 .040 .035 .035 .040 

. 015 .011 .012 .017 . 019 
-.002 -.004 -.005 -.006 -.009 
-.020 - .028 -.034 - . 039 - . 047 
- .052 - . 067 -.075 -.082 -.093 
-.095 -.113 -.124 - . 131 -.143 
- .151 -.172 -.180 - . 186 -.200 

TABLE III-g 

ELEVA TOR FORCE COEFFICIE '1' 

CB=LH 
qS 

Angle of pitch, 8 

0° 3° 6° go 12° 

--- ------------
-0.528 -0.475 -0.442 -0.421 -0.409 
-.370 -.332 - . 309 -.29~ -.284 
- .234 -.209 - .197 -.190 -.191 
-.125 - . 109 -.100 -.095 - . 079 

.007 .017 . 023 .034 .060 

.127 .157 .170 .1 .220 

.267 .312 .340 .360 .391 

. 400 .462 .49 .521 .563 

.560 . 633 .682 . 705 . 750 

15° 18° 20° 

0. 129 0. 119 0.113 
.074 .075 .076 
.046 .046 .039 
.015 .006 -.003 

-.017 -.029 - .039 
-.059 -.074 -.086 
-.108 -.125 -.137 
- . 159 - . 177 - .190 
-.217 -.235 - .248 

15° 18° 20° 

---------
-0.400 -0.398 -0.390 
-.285 - . 290 -.292 
-.196 - . 13 -.160 
-.057 -.028 - .001 

. 094 .133 .164 

.259 . 303 .334 

.433 .4 0 .517 

. 615 .652 .671 

.800 38 63 

U, S . GOVERNMENT PRINll NG OffiCE : 1932 
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Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) Sym-Designation bol symbol Designation bol 

Longitudinal ___ X X rolling _____ L 
LateraL ....... Y Y pitching .... M 
NormaL ....•. Z Z yawing . .•. . N 

Absolute coefficients of moment 
L M N 

01= qbS Om= qcS 0 ,,= qbS 

Linear 
Positive Designs- Sym- (compo-
direction tion hoI nent along Angular 

axis) 

y-- z roll ..... . cp u p Z __ X pitch ..... () v q X __ Y yaw .• _ .. 
'" 

w r 

Angle of set of control surface (relative to neu­
tral position), o. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

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

Q, 

Diameter. 
Geometric pitch . 
Pitch ratio. 
Inflow velocity. 
Slipstream velocity. 

Thrust, absolute coefficient OT= pnrD4 

Torque, absolute coefficient 00 = ~D5 
pn 

P, Power, absolute coefficient Op= pnfv' 

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

<1>, Effective helix angle= tan·1 (2~) 

5. NUMERICAL RELATIONS 

1 hp = 76.04 kg/m/s = 550 lb./ft./sec. 
1 kg/m/s = 0.01315 hp 
1 mi./hr. = 0.44704 m/s 
1 m/s=2.23693 mi./hr. 

1 lb. =0.4535924277 kg. 
1 kg = 2.2046224 lb. 
1 mi.=1609.35 m=5280 ft. 
1 m = 3.2808333 ft. 


