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SUM~rARY.~(a) lIi1rodllcl&ry. (ReaSO'ls for illqHlry.)-The experimcnb
were conducted at the request of the Airship Design Department of the
Admiralty in order to obtain data to assist in designing balanced control
surfaces for airships of the R.38 class.

(b) Rallg/! of llwtstigaIIOIl.-(i) Pitching moments (about e.G.) were
measured on a model of R.33 (see H. &:\1. 361) with stabilising surfaces of
the same overall dimensions. The balancing area did not, however, extend
along the whole length of the control S\lrface..'i. but was confined to the
outer end of the elevators. loss of leng-til being partially balanced by
increased width. Two different balancing areas were used. The eflect of
cutting off a piece. of the fill immediateh' in front of the balancing area
was investigated. .

•(ii) Foi-ces on a control surface aud moments about the hinge were
measured on larger models with corresponding balancing areas. A model
of the hull of R.3! was used (see R. & "I. 302), the angles of yaw of the
sbip being O~, 2<> and 5", and the inclination of control surface to the axis
of the ship varying between _ 30" and + 30'. Speed effect was alSO'
considered.

(c) COIlC/IISiOlls.-The moments about C.G. of the ship due to control
surfaces on the complete mooel showed tha t even though the absolute
moment increases with area of control surface it does not increase per unit
area. This is probably due to the shielding of the balancing area by the fin, for
on removing the corner of the fin the moment increases when both huH
and elevators are turned in the same sense. The control surfaces appear
to be much more efficient than those of the original R.33.

The moments about the hinge indicate that the largest balancing area
used ill the second set of experiments is more than sufficient. In the great
majority of the observations the (lateral forcel/V- increases with speed.
The lateral force per unit area at first decreases with increasing area and
then increases. Removing the corner of the fin in front of the balancing
area causes the lateral force to increase or decrease when the ship and fin
are turned in the same or opposite directions respectively, and moment
to decrease throughout.

(d) Application mId further da:tlopmmts.-lt is probable that the cause
of the inefficiency of the R.33 control surfaces compared with the present
ones is the gap that exists between the control surfaces and the fm in
the fonner case. Further experiments are necessary. Pressure plotting
the fins and control surfaces should give valuable information to assist
in the design of efficient stabilising surface!>.
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Tho investigation was undertaken in response to a. request

from the Airship Doaign Department of t he Admiralty for infor
mation concerning a suitable balancing area. for rigid airship
rudders in connection with the design of stabilising and controlling
surbc(';:;: for H..38 class airships.

Tho experimonts co.rriod out were;-

T. A determination of the momclltil l\lJOut an axis through
the centre of gravity of the force:> 011 a. model of a.
complete airship (i.e., hun and stabilising surface) with
controlling surfaces sot at different angles to the axis
of tho ship and with the aris of the shi!) inclined at
different angles to the wind.

II. A determination of moments about tho hingo aud
forcos on tho rudder only when detached from the
remainder of the model.

r. '['he experiment,; were all carried out in a i-fl. channel.

For the first set of experiments a. model of the rigid airship
R33 (see R. & M. 361) was used; new fins were fitt-ed OLl to moot
the requirement:'! of the experiments. :For symmetr,Y the nuia
tions were made in the elevators (not the rudders) as both elc\'ators
are of the same size. The flame vertical stabilising arena were
wsed throughollt. Tllus the pitching moment" about an axis
throu~h the C.G. (i.e.. an axis 28 1 '•. inchC!i from the nQ8C of the
model) were found at different angles of pitch and with different
elevator settings. In addition the "crtienl force and longitudinal
force havc been determined with the elevators Ret, amidships and
at angles 20'. The wind l;pced th.roughout was 40 ft 'sec.

..\. drawi.ng of the fins and elevators used L~ givcn in
Fig. 1. The hinge about wh.ich the elevator'" tum L'I in the
same position a'l in H. &)1. 301, but whereas in that report they
ha'-e a balancing ar('a extending along the whole length of the
ele\'ators in front of the hinge. in the pr~ellt ca"cs the balancing
al"ca extends only for II mills. and 16 mm;,. in two cases, and in
the third oaBO there is no halancing area at all. Furthel", in one
c~e tlu.' oorner,; of thc finlii immediately in front of the balanoing
areas have been cut off at an angle of 30 with the outl;ide edge
of the fin M ~hown in the figure. The balancing area will be
de,;ignatcd A and the cornel' of the fin B.

Following the method of R. & M. 361. the moments a1.>out the
('.G. with the ele"ator" set amid"'hip:.- have been ~ubtract-ed from
the corre'lponding moment ,,;th the e1e"ator" bet at (litlerent
angle,j and the" moment due to the clevt\tol'S .. obtaincd. III
repl"c<:cnting tJI(-'''C quantitie" graphically a moan has been taken
of the ,-alut'i'- at po..iti\""e and negati"e angles of pitch and
ele\'"ators.
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The results are tabulated and plotted as follow~ :-
Took Fig.

Shape of elevatora and fins I
.:Momcnts when balancing area A = 0 2

" " " "A = 11 X 19 mill.' 2 3
" " " ,. A = 16 X 19 Jl\m. 2 3 4
" .. triangular piece cut of( fin 4 i;
" due to elevators 6

Longitudinal force and normal force 5 7
Sketch of flow past fins 8

Di8clJlJlJion 0/ ruulllJ.-I. In the tint place it is ne<X'AAllry to
explain the presence of two columns of figures (marked • and t
in the tables) for certain elevator settings. The columns marked •
are the actual moments mea-.;ured, but on plotting the results
against angle of elevator it was found that thc valuCR obtained
did not lie 011 thc oUl've as well fiR oould be expected. 'fhis ga\'Q
rise to the opinion that the accuracy of the observations was
doubtful, particularly M it had been found difficult to aet such
small elevatoes accurately at any de"irod angle, and morcoyer,
as the" hinge" on which the elevators were turned consisted of
copper wire, it is J>O""ible that during ~me of the experiments
the wire was not stiff enough to withstar.t1. the action of the wind
on the elevators, eyen though the wire had bPen frequently
renewed. Accordingly, the seeond column marked t ha.R been
added, the values given having been interpolated by cross ploUing
against ang~o of elevntor flettlng.

Tho effect of setting the elevators over is beat seen in Fig. 6,
in which tho moment due to elevators has been plotted. AA was
to be expected this mOlllent il\crea..e~ with the area of elevator,
though not to the extent anticipAted, for the moment per unit
area. of elevator dOCfl not increase in general, eyen though the
additional surface A added to the eleyator,'I "as added to that
part of the control !'Iurface generally con....idered mo:>t efficient,
i.e., that part away from the hull. It is possible that the fins
shield tho balancing areas when the elenltors are inclined and
thus decrease the effioiency of the added part. An argulllent
in favou!" of this suppo"ition appears to be afforded in the results
obtained on the momcnt due to elevators, when triangular pieces
of the fins were cut off immediately in front of the balancing areas
and when hull and elevators are turned in the same sense. Fig. 6
shows that at negative angleR of yaw and negative angles of
elevators (or pooitin in both ca.!'c~) the moment due to elevator
incn-a8<"'$ when the triangular piece" are removed, the reverse
being the case when the hull and elevators are tumoo in opposite
senses, though to a le"s marked extent. The ;iketches appendoo
in Fig. 8 show what. prC"umabl)' takes place. This indicates that
the restoring moment acting in order to bring an airship back
to a straight course after a tUI'll would be great.er if a. portion of
the fin immediately in front of the rudder were to be out off,
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since the most efficient part of the rudder would then be more
expo&ed to the wind. On the other hand the .. upsetting"
moment is less when the rudders are being used to make the ship,
when turning, turn in a smaller circle.

It is, however, pos"ible that, should the gap between the
.control surfaces and fi.n..~ be too large or not so arranged &S to
bring the most efficient part of the rudder into more direct action,
its existence would not be an advantage. H it were not so, it
would be difficult to explain' the sma.U moment due to the control
surfaces obtained with the Oliginal R.33 fins. These have been
reproduced from R. & M. 36l and plotted in Fig. 6. A glance
shows that the moment is lelis than that duo to the smallest
elevators in the present series, even though the area of the R.33
elevators was much larget' thim that of the largest of the three
/'lets of elevators described. It must, however, be borne in mind
tha.t.. in the R.33 elevatol'S the bnlancing areas extended all along
tho control surfaces, but they were only 10 mm. wide on the
model, whcreas in the prci'lent ca"'e the leading edgo of bl\lancing
area was I!) mOl. in front of tho hinge.

Attention may be drawn to Fig. 7 8howing tho longitudinal
and normal force on the model with elevators anudi:hips and over
at ± 20". At zero anglo of yaw, turning the elevators over
incr(>&-"C;l. the drag by nearly ~o per cent., and gives rise to a.
nonnal force which i.s equal to that on the ship at an angle of
pilch of 4 or ,') degreeg \\;t!1 ele\'11tors amidships.

If. In the second set of experiments, in view of the fact. that
the ..ize of the eleva.tors u:<ed on the R .33 model were l:l0 small
and that consequently the force;, and moments on them would
be sma.U, it was decided to make usc of the large model of R ..31
desoribed in R. &. ::\1:. 302 and to make models of fins and elevators
in proportion. One model ele\'ator was deemed sufficient and
the size was such that it could be fixed on to a spindle which could
be mounted in the chuck of the balance and the forees and moments
would be measured in the ol'dinn.·y way. Each of tbe remaining
stabilifiing slUfaces was made of one piece and of the eame overall
wmoll....ions as the ful and the ('levalor on which tho fOJ'ces were
measul'ed. The area. of tho unbalanced rudder was 14·15 sq. ins.
and the model was so arranged that a balancing. area. 2, 3 or 4
sq. ins. could be added to the rudder and a corresponding picce
of tho fin removed. In each ea.<l,() the length of the balancing area.
added was 2 ins., the width thus being I, 1·5 or 2' ins. Further,
it w&s possible to remove the corner of the fin immediately in
front of the balancing arca as in the previous set of eXl>eriments.

The forees and moments were measured with the angle between
the control surface and the fm varying between _ 30" and + 30"
and with the axis of the ail'8hip hull inclined to the wind at 0",
2" and 5. The length of the model hull was 80 large that angles
larger than 5° could not be considered.
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The wind speedB at which the experiments were conducted
were :-

Angle of Va.. of Ship.

,.

na......cin4I: Area C"q. i-.). SI-t (fl ~.).

0,2 X I and 2 < , ... Forces '0 50 60
)Iomen~ 60, 1'6 with triangular Fo""" ,.

piece m p'= and Momen~ 60
2 I and 2 2 ....ith
triangular pie!:e ont
off.

0, 2 ,, , , 1·5 and Forces - 50
2 X 2. ~lomcntJi 60

In presenting the r{'sults, the drag and cro~s wind force in Ibs.
(i.e., the forces along and p{,l'pendicular to the dil"C'ction of the
relative wind) have ueen divided uy the square of the wind apeed
in ft/sec., and similarly for the moments llbout the hinge in
lbs. ft. In addition the lateral force all the control lluJillco itself
has been calculated. (i.e., the force perpendicular to the 8miace,
not to the axis of the ship).

The presence of sueh a large model in the wind channel has,
of course, an appreciable elIcet. on the wind speed in the channel.
In order to e!;timate thb effect a few pitot reading.. were taken
on both sides of the hull with the latter at zero and at., incidence.
\Vith the same difference of pr~llre belween the hole in the ,;ide
of the channel and the atmo!'lphere as in the unoJr.;tructoo chalmel
at 40 and 60 ft, see., the percentage increase ( ) or decrease (-)
in the speed squared wa... a~ followil :~

"n,lll... of 1"..i,l. no:'< u ..\ng~ or '"ci,kll<'O'! + '-.
1''''';I;on of l'it"l. r ---

J)i~lan"", "I' .1......'" __
flV'" t~ "trol Hi"¥,, Lall-ral J),~la"",., r 1',101 fro,,' (""lrolll"'l;f 1)'1 (fl.f.

1..1.

26" I'OTI. 2G" i$utrboar,l. 26" PorI. ~6" StArboArd.

" 1TG0 1· G - 8·0 -3

" + \-5 I, 0 ,. 0 0
0 - 3·0 3·0 - 6·0 5

Tho value taken when di"jc!\r:g the forces and moments by
the squll.l·e of the speed was that obtained at a distance of ;·5 ft.
up stream from the balance: appropriate correction!'! based on
the above obseryationg were cOIl..cquently applied.

In addition a few pitot readings were taken in the neighbour
hood of the aino:hip near the fin. The end of the pitOI was in line
,rith the control hinge at a di...tancc below the axi.~ of the model
of 4·5 ins. The horizontal dbtance of the pitot from the fin was
varied from 1 in. to 12 ins.



131

W'\th the model at zero incidence the following table gives the
ra.tio of the speed Hi ft. up-stream of the balance as determined
abo~e, to the ~peed in the neighbourhood of the fin :-

Di!ltance from lins (ins.)
Ratio of speeds

I
1· 2(1

6
1-03,1

8
1·02 ",. 00

The yalues obtained for the forces and moments have l>cell

tabulated and plotted 8S follow;; :-

•

Table. Fig.
9

6 10
7 II
6 12
9

.,
""...,

Diagram !lhowing tail of model and fin ...
Forces and momentR, angle of incidence 0".0

<

" "' ",.
Lateral force per unit area

DisCll88ion of rf6ult.'l. (U).-An examination of the moment
curvel! given in -F\ig~. 10-12 will khow that the moments about the
hinge on the rudder with 4: sq. ilHl. balancing area A u. negligible
for i'lmallangles of rudder, and c\-en :tt ~5 is only ahout one-fourth
of that when .A = 0 (0: angle of incidence of l$hip). At 5C angle
of incidence of 8ml) nnd + 20" angle of rudder it is but little larger
than one~fourth of the moment Oil the unbalanced rudder.
Acconlingly on an airS'hip a balancing area l)l'oportionnl to the
4 sq. in~. used wotlld probably be more than sufficient, l\!'\ it would
be dC'<imble to have the rudders under, rather than oye... balancoo.

The "1X'Cd effect on the forces is such that the lateral force
increases at a. higher rate than the square of the speed. On
examining the table:;; it will be found that thi'! is generally true
except a.t the la.rger angle8 of inclination and o.t small valu~

of the lateral force. The tatter deyilltion is probably due to
errors of obseL'vatiol1, since the cross wind force to be observed
was extremely. small. The moment reading:;; at 40 f1. .,'sec. were
so small tha.t it was considered ina(h;sable to make use of them
in endeavouring to find a. speed eflect on the momenV:. A few
readin~ were taken at 50 ft;ilt'C. at the larger angle~ of yaw,
and the evidence derived from these observations showed that
the moment coefficient inCreased with the speed.

Attention may be <Lra-un to the manner in which the lateral
force on the rudder varied ,rith the area. l"igures are given in
Ta.ble 9 p,howing the general effect. In this table the value of
Y IV: a.t ± 5° and ± 150 angles of control obtainro from Tables
6, 7 and 8 have been divided by the appropriate area of rudder.
Tho statement made in the first pmt of thi.e report that the
moment due to elevators per unit area does not increase is 8UP~

ported by t.he figures given in the table. It wiU be seen that the
Ja.teral force at + 15" angle of control decreases in e"ery case
upon the a.ddition of 2 sq. ins. balancing area. This is more or
Jess true at ± 5"', but since the forces at 6" are small, only about
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one-third of those at 16°, small errors of observation would give
risc to appreciable differences. On adding a further 2 sq. ins. the
lateral force per unit area at 15° increases, particularly 80 when
the triangulll1' part is removed from the fin and tile angle of
control setting is positive. At 5° this is hardly the case except
perhaps all the positive side at 5° angle of yaw. The difference
arising out of the removal of the triangular part is seen in Figs. 10
and J2, in which the force and moment, with and without the
triangular part in place, are plotted together (the dotted ourves
apply to the case where the triangle is removed). At zero
incidence of the ship the lateral force is slightly increased
numerically over the whole range on removing the corner of
the fin, whereas at ± 5°, it increases munerically for positiv"c
oontrol settings and decrea.8C8 for negative settings, a result
agreeing with the conclusions arrived at from the measure
ments of momenta about the C.G. described earlier. Moreover,

• the moment about the hinge is reduced numerically throughout,
showing that a balancing area of this type is more efficient for
balancing purposes when a. part of the fin immediately in front
of the balancing area is removed. These deductions support the
suggestions made regarding the shielding effects of the fin when
the rudder hinge is not placed at the leading edge of the fin.

Control surfaces similar to those de.scribed in the present.
report are to be fitted to R38 and full-scale trials on this ship
when completed should provide valuable information on the
efficiency of control surfaces. Model experiments have alrendy
been carried out, and the results show tha.t control surfaces of
the type dealt with o.bove arc more efficient than thol"e ll:;Nl on
ea.rlier ships.



T.uJLE 1.

PITCIDNG MOMENTS (LBS/FT.) ABOUT C.G. ON A MODEL 0]' R.33 FITTED WITH NEW ELEVATORS.
Bala.ncing Area. = O.

Allglo of ElovlIot<ml (deg,..).

A~le 01

I
, Ip;""

(dep.1- -!!<l -" -10 -0
-~t- • 10 " !!<l

L c -
- 20 0·204 0·136 + 0-0-"'. - 0-035 - 0-128. - 0·118 - 0-198 - 0·275 - 0·34.1 - 0·4.05

- I' 0·121 0- Oli2. - 0·037 - O·IlO - 0·205 - 0·106 - 0·272 - 0·342 - 0-4ll _ 0-471
- 10 0·081 0-011. - 0·069. - 0-160. - 0·236 - 0-228 - 0-20( - 0-3.52 - 0·418 - 0-473
- 8 0·079 0'011. - 0-072. - 0-145. - 0-226 - 0-216 - 0-281 - 0-337 - 0·397 - 0'448
- 0 0'094. 0'025. - 0'0.52. - 0·126. - 0·203 - 0-194 - 0·257 - 0·310 - 0·375 - 0·422
- . O' 121 0-055 - 0-020 - 0-089. - O' 163 - 0·160 - 0-20" - 0·261 - 0·323 - 0·377
- 3 - - - - - 0'126. - 0-116 - 0·169 - 0·226 - 0·288 - 0-339
- 2 0-lli6 0-101 + 0'032. - 0'025. - 0-000. - 0-077 - 0·132 - O' 188 - 0- N!) - 0·301
- I - - - - - 0·044 - 0·034 - 0·084 - 0·141 - 0-205 - 0·260

0 0·222 0-166 0·102 + 0·053. - 0·001 + 0-006 - 0'0"3 - 0-099 - 0·167 - 0·224
+ I 0·248 0-207 0-150 0·098 + 0·0014. 0·060 - - - -

2 0·293 0-248 0-189 O· 135 O' 081 Q'OSli + 0·030. - 0'032. - 0-100 - 0-178
3 0-322 0-283 0-224. 0·167 0-114 O' 118 - - - -, O· 362 0·310 0-250 0-194. 0-135 0- 139 + 0·080 + 0,006, - 0·075 - 0·149
0 0-382 0·342 0-281 0·226 0-164 O' IOli O' 10-t- O' 025. - 0-056 - 0-130
8 0·412 0-362 0·301 0-240 0-173 0·)78 O' 110 0·030. 0·058 - O-]3ti

10 0·431 0-369 0·308 0·246 0·174. 0·176 0- 106 + 0-019 O' 066. - O' 142.. 0·420 0-348 0·278 0-214. 0- 133 0- 137 + 0-060 - 0-035 _ 0·118 - 0·193
20 0- 341 0-271 0-106 0·129 O' 041 0·048 - 0·032. - 0·124 O' 211 - 0·281

I
• Actual observed momentll, probable value of angle of elevators OO-li.
t Probable value of moments with elevators at 0, obtained by interpolation off a smooth curve.

A _ 0 A _ II X 19 mm,- A = 16 X 19 mm."
Area of I elevator, sq. ft. 0'011S3 0·0175 0-01ljlS
Distance of e,G. from nose, 28* ins. Seale of model I /l20 full size_

~
~



TABLE 2.

PITCHING MOMENTS (LBS{FT.) ABOUT C.G. ON A MODEL OF R.33 FITTED WITH NEW ELEVA'fORS.

Balancing area 1\ X 19mm.t

w..

Angle (If Elev..tol'll (degree6).Anglo
of ,

~j. - 20 I -15 -" I -, I 0 I • I " I " I 20

- 2. + 0-199 0-153 + 0.0545 - 0·021 - 0·112 - 0-198 - 0·259 - 0·336 - 0·400
-16 0-1l3 0·060 - 0·038 - 0·1.07 - o·un - 0·273 - 0·340 - 0-406 - 0·465
- I. 0·068 0'009~ - 0·078 - 0'149 - 0·229 - 0·295 - 0·347 - 0-411 - 0-456
- 8 0-064 0-005 - 0·078 - o· ]46 - 0·224 - 0·284 - 0·341 - 0·307 ~ 0-456
- 0 0·002 0·026 - 0·060 - 0·125 - 0·202 - 0·259 - 0·311 - 0·368 - 0-433
- , 0·112 0'058 - 0'023~ - 0·089 - O' ]58 - 0·208 - 0·263 - 0-324 - 0·412
- 3 - - - - - 0·129 - 0·177 - 0·232 - 0-290 - 0-368
- 2 O· 143 O' 096~ + 0-02:1, - 0'032, - 0·096 - 0.1395 - O' HI7 - 0·257 - 0-338
- I - - - - - 0-053 - 0'098~ - O' 152 ~ 0-21'1 - 0-311

• 0·201 0- 164 0·096 + 0-046 - 0·006 - 0·056. - 0·\07 - 0-1~2 - 0·261

+ I 0-242 0-208 0- 146 0-091 + 0-039 - - - -
2 0-283 0-2151 I o· 181 0-138 0'0i7~ + 0·018 - 0·0.10 - 0·123 ~ 0-lii
3 0-320 0·283 0·219 0-167 0·107 - - - I -, 0·342 0·301) 0·244 0- 194 0-135 + 0·069 + 0·003 - 0'074, - 0·148
0 0·372 0·343 0·283 0·226 0·165 0-093. + 0-023 - 0·061

I
- 0·136

8 0·407 0·370 0·301 0·244 0- 176 O-O!)I). + 0-026 - 0·058 - 0·136
1. 0-429 0·381 Q·311 0·252 O' 179 0·098. 0-021 - 0'065 - 0·)41
15 0·431 I 0·368 0·293 0·222 o· ]43 + 0·053 ~ 0-023 - 0-111 - 0·187
2. 0·373 0·298 O' 208 o· 145 0·062 - 0·034 - 0-105 - 0-189 - 0·264

I



'fADLB 3.
PITCHING MOMEN'fS (LBSfIiT.) ABOUT e.G. ON A MODEL O~' R33 ~'I'fTED WITH N~;W m~EVATOHS.

Balanoing Area 16 X HI mm.'

A"ll'ko or Elc.... t".. (~l.

"':1
1'1 I I - - -Pitch - r; 0

(dc8"')' I -2'(,1 - III - 10 • It. 1 t 1

1 I l I
Tl

.~ -

10 :!o

- 0'0501 1 - 0·116

_2.
-16_I.
- 8
- 6
- 4
_ 3
_ 2

- I

•+ I
2
3
4
6
8I.

15
2.

+ 0- 107
0- 126
0·0{)7
0·007
0- 100
0- 122

0·IG6

0·216
0·2DO
0·301
0·330
0·366
0-303
0- 422
0-441
0·440
0-371

0- 1381 + 0-OD7.
0·056. - 0·027
0·016 - 0·067
O'OU - 0·064
0-033 - O-OH
0-055 - 0-013.

0·101 1+ 0·030

0·167 0·122
0·215 0·164
0·253 0·207
0·288 0-230
0-314 0-26~

0-340 0-20~

0-371 0-312
0·387 0·321
0·367 0-207
0·290 0·200

0-025,
- 0'108.
_ 0·144
- 0·144
- O' 118
- 0-080.

- 0-010

+ 0-060.
0- 107
0·)47
0'179
0·205
0·239
0·253
0-258
0-227
0·138.

- 0-00$4
- 0- 119
- 0·156
- O' Hli
- 0·128
- 0·003

- 0·029

+ O-OM
0-006
0- 135
0·166
0·191
0·223
0·238
0'238
0-205
0- 116

- 0·143
- 0·102
_ 0·247
- 0-237
- 0-211
- 0- 167
- 0·131
- 0'092.
- 0·048
+ 0·002

0·037
0·074.
0·105
O· 126
O' 165
0- 163
0- 150.
0·105
0-027,

- 0·131
- 0'206
- 0·240
- 0·233
- 0·206
- 0·160
- 0·12li
- 0-083
- 0·037
+ O' OOli

0-043
0·076
0·106
0·131
O· 162
0·171
O' 167
0·115
0·030

0·230
- 0·208

- 0'312
- 0·208
- 0·266
- 0·216
- 0·183
- 0'137.
- 0·01).11
- 0'0501

t 0·021

0·064
0·086
0·080
0·084

+ 0,035,
0·062

- O· 289
- 0·368
- 0·378
- O' 3li7
- 0·326
- 0·273
- 0·236
- 0-109
- O'IrH
- 0·110

- 0·010.
+ 0.011 1

+ 0'010.
+ 0·001
- 0'0~5

- 0·139•

0·370
0·435
0·431

- 0'414
0·379

- 0-332
- 0·202
- 0·261
- 0·210
- 0·172

0·084
- 0.0671

0-071.
0'081
0'131.

- 0·220

- 0--140
- O' 41\4
- 0-482
- 0-464
- 0-426
- 0·376
- 0·343
- 0·302
- 0·261
- 0-221

- 0·178

- 0·155
- 0·143
- 0·147
- 0·160
- 0·200
- 0·273

~

0'

• Actual observed momenu. Probable values of angle of elevators - 6° and + 0'6°.
t Probable value of moments with elevators at - 6° and 0°, obtained by interpolation off a smooth curve.



TABLJ~ •.

PITCIDNG MOMENTS (LBS/FT.) ON A MODEL OF
Balancing Area. 16 X 19 mm'.

R.33 FITTED WITH NEW ELEVATOHS.
Triangular picce out off fin.

Anglo of ElovMon (degffltll).

Ane:Jo 01 I
"

I
P;~h

(d••). -20 -"
I

-" -, I 0 , " - "I I • I t
-

- 20 0·178 0·133 + 0·039 1- 0'044 1-0'129 1- 0·227 - 0·312T-0·372 i- 0·396 - O' ~5~

-" O·}IO 0·061 - 0·041 - 0·123 - 0-210 - 0·301 - 0·380 - 0438 0·457 0·505
- 10 0·082 0·023 - 0,071, 1- 0·152 1- 0 . 232 - 0·:110 - 0·379 - 0·437 I 0·450 0'488
- 8 0·\00 0·028, - 0·066$ - 0·146 j -0·223 1- 0·21l2 - 0·300 - 0·410 0·420 0"'02
- 0 0·119 0·045 -- 0·051, - 0·126 - O' 198 - 0·262 - 0·332 - 0-380 0-392 0·130
- • 0·125 0·067. - 0·015 1- ~0!l6. - 0·151 ' _ 0·212 - O· 2711 - 0·323 0·3:15 0·37/j
- , - - - - 0-116 1-0.170 - 0·238 0·290 ! - 0·:\00 O' 3:llj

- 2 0·1118 0'109, + 0·038 0·022 -- 0-077 - 0·139 - 0- HI6 - 0·249 0-259 0-:102
- 1 - - - - 0'032, - 0·001. - 0'lIi51 0·201 0·210 0·2:;0

0 0·217 0·175 0·115 + 0·059 + 0·009. 1- O'OIOt - 0·112 0·\0:1 O· liO 0'216
+ 1 0'2M 0·220 0·159 0·101 0·056 ....:...-

2 0·295 0·201 0'202 O' 148 0'006 + 0'027.! - 0'0~6, 0-105 0·122 ()-li3
3 0·332 0·296 0·238 O' 180 0·129 - - -, 0·361 0·326 0·268 0·214 0·150 0·076 - 0-009. - 0·068. 0·085 I O' 11O• 0·396 0·368 0·308 0·250 0·190 0·104 + 0·019 - 0'049, 0·065 0-1:13
8 0'429 0·393 0'330 0·268 0'20t! 0·115 +0-028. 0,046, 0·057 - 0·130

10 0'448 0-411 0·343 0·275 0·203 0·113 + 0·023 0'050, 0·074 0-1:1:1

" 0·460 0·397 0·324 0·248 0·167 I + 0,071, - 0·021 0·Oll6 O' II 7 O' HI6
20 0·3ll9 0·325 0'244 O' 160 I 0·081 I- 0.017·1- 0.100'1 0·178 0·105 0·230

• Actual observed moments. probable value of anIle of elevators 13'6°.
t Probable value of moments with elevators at III • obtained by interpolation off a smooth curve,

~

co



Report Ne 653. BALANCED CONTROL~ FOR RIGID AIRSHIPS.
DiB.qr-om :Shewing Fin::; BJldElevoJrrs:

FIG. I.
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Report Nt?653. FIG. 2.

BALAI\ICED CoNTROLS FOR RIGID AiRSHIPS.
VARIATION OF MoMENT;' WITH ANGLE Of' PITcH

!!,NO EL.I!:VATQR ANGLI!:.

A-C.

10 lZ. H- l6 16

t!Y:J1e cf Pitek (Qgg! _)



fiG. 3.

BALANCED CONTROLS FOR RIGID AiRSHIPS.
VARIATION 0<' MoMENT:> WITH Ar-aL OF Prrc!1

AND ELEVATOR ANGi....E.
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BALANCED CoNTROL5 FOR RIGIDAIR5HIP5.
VARIATION'OF tvIoMENTS WITH ANoLE OF P,TCH

AND ELEVATOR ANGL~.

A _ 16 x 19 m",,'
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~Ie r:I: Pitck (Degrees),
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Report 1'19653. FIG. 5.

BALANCED CONTROl..0 FOR RIGID AiRSHIPS.
VARIATION OF" M:lMENTS WlTH ANGLE OF PITCH

ANO ELe:VA1t?g f>.N:3l..E..
A -16 x 19 rl'VT\Z

TR .0 P, r~ r. .~~ fiN

I<H>!I-t-j-_.

~ ef Pltck (Ciegr-<=)

.. .Actual cbse~ moments, p-ob<>bIe l>I'Cjtz cfE~13S
t F\-obo.bIe V<>Iues cf~ witk Elevators Z>t: 15°



fiG. 6.

~ED CoNTROLS FOR RK:3ID AIRSHIPS.
MoM~ P& 19 ELEVATORS.

• A_a
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5A.LANCED CoNrm... FOR RIGID AIRSHIPS
VARIATION CF !'bRMA.L AND LoNGITUDINAL FORcE WITH ANGL~

CF YAW AND ANGLE or- WVATOR.;).
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8AL.ANCED CONTROL5 R:>R RIGID AIR5HIPS.
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Report N~ 653 fiG. 10.

BALANCED CONTROLS FOR RiGID AIR.">HIPS.
ANGLE OF YAW OF AJR5HIP 0.

LDt"eroI FCJn::¢ en <hi< Conm:> o.ra Mo""zn~ ObCl.t" t"hz \-l'nge.
• A~ 0 .
o A ... ZKlsq.ins.
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Angle of Rudder
(Degrees)
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BALANCED CoNTROLS FOR RIGID AIR5HIP5.
ANGLE Of' YAW Of' AIRSHIP 2~

L3t'eraI For= on the Cortn:I ~ Momert's oboI..t'
t'he HinqlZ. Wind 5pero: l...otllI"OI RJn:;e roit"jsec;
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BA.LANCED CoNTROLS fOO. RIGID AIRsHIPs.
ANGLE OF YAW OF AIRSHIP So
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TABLE 5.

LONGITUDINAL At-H> NORMAL FORCES ON A :MODEL
OF R,33 FITTED WITH NEW ELEVATORS.

Balancing Area 16 X 19 mn1. 2

X = Longitudinal Force. Z = Normal Force.

.-\n~l.. or
An"l.. of EI"v,u,Orll•

P,tch

T(deg•. ).
- ;lQ' O· + :0'

- X Ibs. Z Ibs. - X Ibs. Z Ibs. - X Ibs. Z Ibs.
- :!O 0·053 + 0·846 0-034 + 0·716 0-0-1,5 + 0-613
- 15 0·076 O' 591 0·04.8 0·471 0·061 0·359-I. 0·086 0·369 .0·062 0·261 0·072 O· 160

S 0·088 O· 291 0-066 0·165 0-073 0-092
6 0·083 Q·221:l 0-067 0·007 0·075 + 0·030, 0·082 O' 165 0·066 0·050 0-078 - 0·210
2 0-082 0- 110 0·069 + 0·011 0-079 - 0·060

• 0-082 0·067 0·070 - 0-020 0-082 - 0·095
+ , o·on + 0,031 0·068 - 0-054 0·082 - o·ue, 0·075 - 0·015 0·068 - 0·106 0-085 - 0·205

6 0·078 - 0·073 0-070 - 0·165 0·089 - 0·275
S o-on - 0·136 0·071 - 0·239 0·094 - a.3·n

to 0-080 - 0·206 0·074 I~ 0·316 0·100 ~ 0·4.31
15 o· on - 0·398 0·092 ~ 0·536 O' 117 - 0·651,.

O' 127 ~ 0·661 O' l26 ~ 0'801 0·160 - o·!:!.!:!

B76U)
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TABLE 6.

FORCES AND MOMENTS ON THE CONTROL SURFACES.

D = Drag, C = Cross wind force, Y lateral force on the control
surface measured in lbs. and N the moment about the hingo
in IOO./ft. V is the wind speed in It/seo.

When A _ 0 2'" X 1'" 2" X }"'·5 ~.. X 2"
Area. of Control

Surfa.oe = 0·0982 0·112 0·119 0·126 sq. ft.

An.gle of Yaw of Ship 0°,

A~O.

_Wind Speed• .w f~J-c.1 50 ftl-e- I &0 rt .e<'.

""""of
Rudder

~I"~I '~YI '~D 10'0 lO'y I~ lO~I'~1 IO'X
Idep.J. V. v· y. '" -V. I V' • V· • V·

0 O'l'~I 0 0 0'1<.1 0 0 0'143 0 010
5 0'272 1-34 ]'35 0'256 1-4-' hl6 0'251 1-41 1-43 - 0-93

10 0-612 2'84 2'91 0-60t 2-il 2-j9 0-61 i 3'00 3-07 - J-82
15 I . <) 'I 4'10 4-27 1-24 4-16 4-35 1-26 4'26 4'44. - 3-20
20 1'91 4'73 6'10 ) -92 4'72 5'09 1-93 4'i8 5'16 - 3'93.' h~O 4-91 5'50 2-51 4'91 5'51 2-64 4'93 5-55 - 4'46"
30 13 '\2 15'" S-99 3'Ot 5-06 5'90 3'11 5'05 5'92 -:i'l7

A =2'" Xl'", B in place. B is the corner of the fin immediately
in front of A cut off at angle of 30° with the axis of the ship_

..I
0 0-203 0 0 0-21S 0 0 0-220 0 0 0
5 O-,l<W) 1'50, I-Sol 0-390 I-51 h54 0'397 I' 54 l'S7 - 0'42

'0 0-780 2-99 3-08 0'790 3-02 3-11 0'815 3'10 3'20 - 0'94
IS 1'47, 4'49 4'j2 1'49 4'49 4'71 1'56 4"62 4'95 - 1'89
20 2'36 5"62 6"09 2'41 5'62 6"09 2"40 li"n 6"201- 2"62
25

1
3

-
28 6'25 7-05 3-13 6"03 6"79 3'17 6"11 6'87 - 2-76

30 4-05 6-51 7-66 4'04 6"54)7-69 4.. 05 0-52 7"68 - 3-02
I I

A =2- X 2'. B in place_

0 0-169 0 0 0-176 0 0 0"178 0 0 0
5 0-416 ) -57 1-60 0-430 1'60 )"63 0"437 ,..., 1"69 0

10 0-912 3-32 3-43 0-910 3-4.5 3-36 0-930 3-50 3-62 0
15 1'71 4"89 5-16 1"74 5-16 5'45 1-79 15-24 5-53 - 0-45
20 2"72 6"58 7"10 2"78 6' 63 1 7 '31 2-80 6-66 7-22 - 0-90
25 3-84 7-45 8-37 3-90 7'51 8"45 3'94 7-55 8-62 - 1"18
30 4-59 7-38 8-67 6-72 7-40 8"75 4-72 1 7 "52 8'62 - 2"41
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TABLE i.

Angle of yaw of Ship 2". B in place.

A~O. A =2- X I'.
A.......,

\·_~ft/"""".
,. eo ,. OOh_. V eo

R .......' f~ ~. hJ-e.
(deg-o.). _~_ - ---

l_lO_D/V' 10'0{,II IO'Y {V', 100X V' 1-10'1),"'- we /V'IIO'1" ,to j lOON (V.

-3. 2·73 -4-80 -5-52 -I'U 3'55 -6'~9 -7-22 2-95
-2~ 2· J6 -. 71 5·1 i 3·85 2·77 ·5·S4 -6,45 2·70
-20 1·65 -4·49 -4·79 3·76 1·96 -5·3.- -5·68 2'75
_15 1·048 -3·76 -3·90 2·64 1·105 -3·97 -4·10 I· 74_I. 0·452 -2·IU. -2'55 I • ol6 0'5001-2-62 -2·75 +0'90

5 O' lit2 -1-13. -1,14- 0-50. 0·298 -I-Hi -I ·16 +0'39.
• 0·170 0·296 0-302 -0'00• 0·202 0-49. 0-488-0'17
5 0·380 I· 75 I· 786 -I, 51 0-4,5 1· 19 2·03 -0-78.

10 O' 8-10 3·36 3'45 -2-3;) 0·988 3·73 3·ltS ~1·43

15 I· 565 .. ·80 I 5-05 -3·63 1· 84 0·34 5-65 -2·18,. 2·42 5·59 6·09 --t. \)7 2·85 6·42 j·02 -3-03
25 3· 17 5,87 6·67 -5-36 3·75 6·92 j·85 -3,34
3. 3·i2 6-ii 6·8i -6-01 4·69 6·96 8·38 -3,88

A ~2' X 1"-5. A -.,.. X 9'-- -.
-3. ". 12 -i-I5 8·49 1-82 4-37 7·60 -8-73 1-66

23 3·07 -6-53 7·22 1-77 3·44 7·14 -;·DO 0·56,. 2·14 -5·75 6·!l ] . 6-1. 2·34 -6·16 -6·06 0-59
-15 1- 24 +4·27 01.-43 0·D8 1·39 -4'58 -4-ii 0-11
-10 0·648 2·i3 -2·78 0·28 O-i40 -2·08 -3-05 -0·31
- 5 0·335 ]. 14 1·15 -0,08 0-3i5 -1,21 _1·22 -0-)]

" 0·20 0'43 0- 4-l -0·11 0·215 0-44 -0'43 •5 0'520 2- 13 2- 18 -0,42 0'580 2·U 2-29 0-31
10 I· 08 .·00 4·13 -0·81 .. 1·20 4·26 4'42 0·36
15 H)6 (;,68 6· 01 -1'5I li 2·17 6·07 6'44 -O·1.l8,. 3-08 7-04 i-66 +-2-161

3·38 7·63 8·34 -1'40
~1'91

25 " ·13 7·64 8·28 -2·36 4-52 8·28 9'42 -}·85
3. 4·91 7-U 8·91 -3-70 5·11 7·90 9-40 3'4.0



T"ur,E 8.
A ~o. Angle of yaw of Ship 5'.

\n~le of V _ <10 h ,oleC. \' 110 II ""t'_ V 60 fl/~_

Iluuder -
(c1"P')- - 10'D/'" weI'" 10''1." v' - 10'0/" 10'C/"1 10'Y \'1 10'1) \"I 10'('/\" 10'\' \'1 IO'X IV'

,. 2·34 - 4'7~ - 5·27 2·43 1·67 tHO :'!-"S - 1-81 !i. 41 t·15
25 1·83 - 4·06 - ;;-01 1 '!:l!:l 1·66 ;;'01 I . {l ~ ~. 6~ 5- 10 4 ·10

20 I 1·27 - 4'46 - 4·6-1 \·32 1·42 I· O:! I· 10 4· HI 4 ·08 .,
3·68

I 1 . 19 - 4·25 - 4-41 1· 30 4 . :13 4·5:\ I - .t:I 1-06 1-(17 II
15 0·62 - 3·3-1 - 3·39 0'66. 3'40 3·ti 0·7:1 :1· 5f) 3-66 2-:10
I. 0·26. - 2·18 - 2·16 0-27 2- 31) 2·21 0·20 2·27 2· Z!I 1·26, 0·11 - 0'88 - 0·88 o· 11 0- 71) 0-79. i). II 0- 81, O-Sl. i). 12
0 0·22 + 0·49 + 0-50 O' 19 0- 53. + O'M O' 18. 0·55 0- 50, - 0-17

+ , 0·;'7. \'92. 1·91 O' 19 2·00 2· II o· lO~ 1·77 1·83 1-20
10 1. I I 3·64 3'80 I . 011 3·70 :1'85 \,10 :1- HI 3·!H 2· 38

" 2-04 5·15 5·5-\. 2·00 r;·3:1 f.. ·6ll 2-00 !j. 18 0-82 :1·96,. 2·94 6· 13 6·80 2'0" fl· 10 II' 82 2·IH 0-21 6-1)1 5· 14 -" 3'76 6·44 7'46 :1· 81 n·rm "00 3·ijll n·ul j·65 - 6·26 ~-,. 4·58 6· 61 8-05 4·59 n· 51 8·00 I - iii ij·4\) 7·93 O' 74

A=2"'X I"'. 'B ill plaoe.
I I

ao 3·20 - (i·OO - 6·79 .:'1·20 5·97 0- 70 :1· :10 - 0·05 0·88 3·06

" 2·45 - 5·81 - 0·30 2'M lS·sa 0·31 2·61 1S·86 O·H 3·40,. 1·05 - 5·06 - 5·32 1· 69 5·01 5'31 1·73 1\' II; 5· 4:1 2·86

"
0'00 - 3·72 - 3·82 O' 93 3· 78 3- 88 O' 0:1 - 3·93 ". 0·1 1·82

I. O· 47 _ 2·47 - 2·50 0·43 2· 40 2-42 O· 41S ~. H) 2·1i2 0·90, 0·23 - 1·05 - 1·05 O· 21 0·99 0·99 O· 2:\ \'03 1. 0:1 0-42

• 0·26 + 0·48 + 0-50 O' 21i -r 0·4A 0·50 O' 21i ()-.I8 l)·liO O· 10., O· 601 2·22 2· 32 o·an 2· :12 2· :m l)·n2 2·:10 2·:17 0-98
III 1,2, 4 ·14 4·32 \ . 2;"; 4·20 4·3R I . :1:\ l':W I' 10 1·99
I., 2·15 0' 69 6-02 2· 19 5·81 ij. 2 I 2·:!U I'i • till 0· oK - 2·:10

'" 3·36 i ·09 j'S5 3·30 7·18 j·91 :1- :10 ,-24 ,-Oil - :1-62
2;; 1·32 7"7 8·59 4·28 7-65 8·62 4· :IIJ j ·65 8· 70 - "'30,. 6·30 7·15 9-40 5·29 7·12 0·38 6-20 j-72 0-35 - "'66
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T.l1ILB 9.

LATERAl.. FOUCE per unit areo.fV'J,
A-,=O A=2"Xl" A=2" X 1"·5 A=2"X2".

Area of Control Surface- 0·0982 0·112 0·119 0·126 sq. ft.

Allltl~ of Control 5", I + ~•.
,\",1", of - - ~

Y." of IJ U11,lu.(lll. Ii ...."'o"td. II III I1hu·C". -' B roIllO,'ed.
ShiEh __ _ ._

V_40 I ~ 00 ~ 40 60 00 ~
I

I)' A -0 1·~S X 10_ 1 \·49 10·' 1·.16 10·'
A 2 1 l·j~ 1'38 1·10 1·38 ,10-'
A 2 2 1·27 j·2U 1·:11 1·-12

2" IA-O - \·10 11).' - - - 1·82 10-'

A=2x I - 11'01 _ I - 1·81 - I - -
A...,2xl·o - 0·97 - - - 1·8:.1 - - t
A_2x2 - 1·03 _ - - \·82 -

6° A_O 0·90 X IO·t 0·81 X 10-' 0·83 I().l - 2·01 X 10-· 2·16 xiI).I 1·87 X 10·'
A_2X 1 0-04. 0·88 0-02 0·88 X to·- 2·01 2·13 2·12 [2'10 X to-"

I A_2x2 0·83 j 0'84 10'80 0·72 X 10.112.10 2·00 2·12 2·22

Anglol 01 Conlrol - 1(;0. + Iii",

0" IA_-;;- T4'3;-: 10-' 4'43 X 1~'52 10·' _ ~-I--
A_2xt 4·22 4·21 4·42 4·20 X 10-'
A-2x2 4·10 (·3:) 4'40 4':;"

.20 A_O - 3'07 X 10-' _ _ _ 1S·15 X 10.4

A_2x 1 - 3·70 - - - IS·OO
A_2x 1·5 - 3·73 _ - _ 6·01S
A_2x2 - 3·70 _ _ _ /S.\I

IS· A_O 3·45 X 10·< 3·6.1 X 10·' 3·73 X \0-' _ 6·6-1. X 10-' (j·70 X 10-' 5·03 X lO_ t

A_2X 1 3'41 3·40 a·Oi 3·4\ X 10-' {i·3S (i'611 (j'S8 {i'49 X 10-'
A_2x2 3·.7 la'Gt 3·73 3·43 /S·78 {i·80 0·84 0·25


