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E X P E R I M E N T S  O N  R I G I D  A I R S H I P  R.~9~  

B y  ,I. R .  PANNELL, A . ~ . I . 3 I . E . ,  a n d  A.  I t .  B E L L .  

Reports aml Memoran~la, No. 675. January ,  1920. 

SUMMARY.--(a) IntYoductory. (Reasons for Inquiry.)--Airship R.29. 
was the  last  ship of t he  27 Class and i t  was considered desirable tha t  a. 
record of her  performance should be obta ined before she was placed o u t  
of commission. Arrangements  were, therefore,  made  for the  expe r imen t s  
described below to be carried out.  

Other  reports  dealing wi th  full-scale exper iments  are : - -  
R. & M. 537. " A flight in R.26."  
1~. & M. 674. " Exper imen t s  on lZ.~6." 
R.  & M. 668 .  " Exper imen t s  o n  R . 3 3 .  '° 

(b) Range of ~he Inuest,gation.--The principal  exper iments  were : -  

Section ( i ) . - -Turn ing  trials a t  var ious  speeds and rudder  angles for the. 
original ship (R.29) ; wi th  303 sq. ft. of fabric removed  f rom the  upper  
fixed fin (R.29a) ; and with  the  whole of the  fabric remo,zed f rom t h e  
upper  fixed fin (R.29b). 

Section ( i i) .--Course wi th  rudders amidships  or at  small  angles 

Section ( i i i ) . - -Decelerat ion Trials.  

Section ( iv) . - -Airspeed for various engine combinat ions.  

Section ( v ) . - - A t t e m p t e d  th rus t  measurements  by  pressure difference a t  
amidships  airscrew. 

Section (vi) .---Distr ibution of speed in various localities. 

(c) Conclusions.--Section ( i ) . - -The  var ia t ion  of turn ing  diameter  wi th  
speed does not  exceed the  observat i (mal  error. Expressing the  d iameter  
of t he  turn ing  circle in terms of the  length of the  ship (turning coefficient) 
the  min imum coefficient for the  original ship is 9- 9 whereas the  values for 
R.29a and R.29b are 9 .0  and 6.7 respec t ive ly ;  the  la t te r  figure is only 
7 per cent. greater  t h a s  t h a t  for R.33. R.29b is t hough t  to be less unstable 
than  R.33. A comparison of R.33, R.29, R.29a, R.29b and R.26 is made  
in Table  6. 

Section ( i i ) . - -The course wi th  rudders locked amidships  indicates t h a t  
R.29 and R.29a are probably  stable, while R.29b is unstable,  for rect i l inear  
flight. 

Section ( i i i ) . - -The mean  resistance coefficient is found to be 0.0227 as 
compared  wi th  0.0247 for R.26 and 0 '0173  for R.33. The  excess of 9 per 
cent. in the  resistance of R.26 over  t h a t  of R.29 is judged to be due approxi -  
mate ly  as to 4 per cent. to the  external  keel, and as to 5 per cent.  to  t he  
improved  form of head on the  la t te r  ship. 

Section ( iv ) . - -The  average m a x i m u m  airspeed a t ta ined was 79 I t /see.  
(46.8 knots). 
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S e c t i o n  (v ) . - -The  m e t s u r e m e n t s  of t h ru s t  were rendered  of l i t t le value 
owing to the  in ter ference  of the  ne igkbaur ing  radiator .  I t  is shown t h a t  
a correct ion can be appl ied which gives a value of the  t h ru s t  coefficient of 
the  same order  as t h a t  ob ta ined  on the  model.  

S e c t i o n  (v i ) . - -The  d is t r ibut ion  of speed was explored below the  forward 
car and  an increase of 17 per  cent.  was measured  a t  a point  1 ft. below t h e  
under  surface. Observat ions  of speed were also t aken  behind the  amidships  
radiator .  The speed amidships  was 11 per cent.  low when  the  forward  
airscrews were a t  r e s t ;  bu t  i t  was 16 per cent.  h igh when  the  forward  
airscrews were running.  
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I N T R O D U C T I O N .  

I n  A u g u s t ,  1919, i n f o r m a t i o n  w a s  o b t a i n e d  t o  t h e  e f f e c t  
t h a t  A i r s h i p  R . 2 9  w a s  t o  b e  d e l e t e d  a n d  b r o k e n  up .  A s c h e d u l e  
of  t r i a l s  w a s  d r a w n  u p  a n d  t, he  s h i p  p l a c e d  a t  t h e  d i s p o s a l  o f  
t h e  s t a f f  of  t h e  N . P . L .  f o r  a l i m i t e d  p e r i o d .  

C o n t i n u a n c e  of  t h e  e x p e r i m e n t s  w a s  p r e v e n t e d  b y  i n s t r u c t i o n s  
t o  p r o c e e d  w i t h  t h e  s t r e n g t h  t e s t s  w h i c h  w e r e  t o  b e  c a r r i e d  o u t  
d u r i n g  t h e  d e s t r u c t i o n  of  t h e  sh ip .  

T h e  o b s e r v a t i o n s  w e r e  m a d e  d u r i n g  f o u r  f l i g h t s  t a k e n  r e s p e c -  
t i v e l y  o n  S e p t e m b e r  1 5 t h  a n d  16 th ,  a n d  O c t o b e r  7 th  a n d  9 th ,  1919,  
f r o m  t h e  a e r o : l r o m c  a t  E a s t  F o r t u n e  in  I - I a d d i n g t o n s h i r e ,  S c o t l a n d .  
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Two representat ives  of the  N.P.L.  were on the ship for each 
flight, the  place of Mr. A. I-I. Bell being t aken  on the 3rd and 
4th  flights by  Mr. E. F. Relf, A.R.C.Sc. 

At the conclusion of the experiments  the  engineer officer of 
1%.39, Lieut.  I-t. N. t iasler ,  supplied measurements  of airspeed 
which he had t aken  during a flight on September  14th. These 
speeds were observed by  means of a flying head and the Ogilvie 
indicator  f i t ted to the airship. This anemometer  was compared 
with the N.P.L.  ins t rument  in flight, and the  two found to be in 
close agreement  when a correct ion had been applied for calibra- 
t ion  error of the airspeed indicator  on the  ship. 

D E S C R I P T I O N  OF A P P A R A T U S .  

Anemometer.---The airspeed of the ship was measured by  means 
of the  flying head and Ogilvie indicator  employed in the experi- 
ments  on airship 1%.33 and described in R. & 3[. 668. Dimensions 
and details of its const ruct ion are given in Fig. 2 of the present  
report .  

Yawmeter.---The observat ions from which the  angle of yaw 
during the  turning trials was deduced were taken  by means of 

yaw head of the ordinary type .  The head was ro ta ted  until  the 
Ogilvie manometer ,  to  which it  was connected,  indicated equal i ty  
of pressure in the  two tubes.  This appara tus  is shown in Fig. 3, 
and  is described in detai l  in I~. & ~I. 668. 

Manipulation of Rudders.--Experience on R.33 showed t h a t  
it was essential to lock the rudders  at  the af ter  end of the  ship 
when it  was necessary to main ta in  a constant  known rudder  
angle. This was effected for each rudder  by  clamping toge ther  
the  two cables which run  to it. When  a given rudder  angle was 
required,  word was sent by  te lephone to an assistant  at  the 
auxi l ia ry  control  s ta t ion in the af ter  car, from which point  the  
rudders  were maniptflated. The  angle of the rudders  was read 
f rom scales f i t ted aft  near the  posit ion at which the cables were 
ela~nped. Communicat ion be tween this point  and the af ter  ear 
was effected by  voice pipe. 

Apparatus for Pressure Measurement at the Amidships Airscrew. 
~ T h e  observat ions were made with a view to the  measurement  
of  th rus t  by  the me thod  employed on models and described in 
R. & 3{. 460*. An anemometer  head was f i t ted up-stream of the 
airscrew, and in a posit ion about  3 ft.  f rom the s ta rboard  side of 
the car, at  which point  the interference of the  car was believed 
t o  be negligible. On the  af ter  side of the  airscrew a length of 
dura lumin  channel  was fixed in the hull in such a position t h a t  it 
pro jec ted  downwards past  the axis of the airserew. A length of 
copper  tube  was fi t ted with a guide to slide over  this piece of 
channel, and at  the lower end of the tube  a smaller pipe was fi t ted 

* On a method of estimating, from observations on the slip-stream of an 
airscrew, the performance of the elements of the blades, and the total 
thrust of the screw. By Dr. Stanton and Miss l~iarshall. 
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at r ight  angles to form a pi to t  tube.  This p i to t  tube  was manipu- 
lat:,d frmu the walking way and the  dis t r ibut ion of to ta l  head in 
the  slip-stream was measured from the axis of the airscrew to 
within I l ins. of the hull (i.e., 19 ins. b~yond the  t ip of the airscrew). 
The  horizontal  distance from the plane of the airscrew to the  
m ou th  of the pi tot  tube  was 26.5 ins. 

~[ET[[ ( ) I )  OF E X P E R I ~ { E N T  AND R E D U C T I O N  OF 
R E S U L T S .  

Turning Trials. Section ( i ) . - - I t  has long been realised t h a t  
1he use of a compass for measurement  of the p a th  of an aircraft  
during angular  mot ion was open to objection. The  error was 
not  expected to be serious for a large airship which turns  com- 
para t ive ly  slowly, and as the fitting of a sun-dial was inconvenient  
in the trials of airship R.33, observat ions were made by  means 
of a compass only. I t  was found,  however,  t ha t  the  compass 
reading during what  was believed to be a s teady  turn,  p lo t ted  
on a t ime base, gave a slightly sinuous curve instead of a s traight  
line, and it was apparen t  t ha t  in view of the compara t ive ly  short  
t ime which could be expended on each t u rn  the accuracy with 
which the  mean slope eotfld be de termined was appreciably 
r educed  due to this characterist ic  of the compass. 

For  the  trials of R.29, therefore,  a sun-dial was moun ted  at  
the top of the  climbing shaft.  This sun-dial consisted of a card- 
board  disc about  15 ins. in diameter,  g radua ted  from 0 ° to 360 ° 
by  intervals  of two degrees. The cardboard  was fixed to a wooden 
board, and ~ brass rod about  0.3 in. in d iameter  and 18 ins. long 
was moun ted  perpendicular  to the  disc at its centre.  Owing to  
the  apparen t  mot ion of the  sun the readings of the sun-dial require 
correct ion to the ex ten t  of 15 ° per hour  ; in the present  experi- 
ments  the  error  is un impor tan t  and no correct ion has been applied. 

The master  compass, which is moun ted  on top  of the ship 
about  10 ft. af t  of the  climbing shaft,  was, for these experiments,  
suppor ted  in a t empora ry  mount ing beside the sun-dial. I n  the  
e~rly exper iments  observat ions were t aken  th roughout  at  
10-second intervals a l ternate ly  on the sun-dial and compass. 
Subsequent ly  when the  sun was available to cast a shadow, only 
the sun-dial was observed. 

To facilitt~te comparison,  representMive sets of observations of 
the compass have been p lo t ted  for exper iments  in which sun-dial 
readings are awdlable.  In  Fig. 15, Exper imen t  17, observat ions 
are p lo t ted  for the sun-dial, master  compass and compass in the 
after  ear. Neglecting the first three values, the observations of the  
sun-dial lie on a close approximat ion  to a s traight  line ; bu t  both  
sets of compass readings follow a sinuous pa th  of approx imate ly  
the same average slope. Similar points on tiffs curve occur a t  
angles of approximate ly  50 ° and 410 ° indicat ing a complete period 
in 360 °. This sinuous form with a period of 360 ° can be observed 
in w~rying degl'ecs in all turns  for the higher rudder  angles. I t  is 
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found that  the compass always lags in turning away from North 
a deviation which is in accordance with experience on aerop]anes 
(see R. & I~{. 156). 

The results have been reduced by the method of R. & 5I. 668. 
If V be the speed and ~ the rate of turn in radians per second, 
then R = V/~ 

where R is the radius of the turning circle. Further, if ~ be 
the true angle of yaw (i.e. at  the centre of gravity), and ~1, the 
angle of yaw measured at a point distant l from the C.G. 

tan~ = tan~l  -k l~/V sec ~l- 
Turning to the experiments with small rudder angles, Figs. 13 

and 16, it is remarkable how faithfully the compass readings follow 
those of the sun-dial even through local deviations from the mean 
direction; a striking instance is afforded by Experiment 3 in 
Fig. 13 for which the compass and sun-dial readings are in close 
agreement even during the disturbance at 6 rains. Similar evidence, 
may be found in Experiments 2 and 4, Fig. 13, and Experinwnts 

• 66-74, Figs. 6 and 6a. On the contrary, however, in Experiment 1, 
Fig. 13, there is a considerable departure ; but local departures 
of the compass such as those which occur in Experiment 24, 
Fig. 16, are thought to be due to observational error. 

Fig. 18 is a typical example of the results obtained with the 
sun-diM under satisfactory atmospheric conditions, while Experi- 
ment 38, Fig. 19, shows an interesting example of reversal in 
direction during a low speed experiment with rudders at 5 °. 

These comparisons make it abundantly clear that  under steady 
conditions the use of a sun-diM in place of a compass will admit 
of considerable economy of time in experiments during which the 
angular velocity is high. 

Deceleration. Section (iii).--Iu reporting on the trials of R.33 
it  was remarked that  the method of carrying out a deceleration 
experiment by means of visual observations on an Ogilvie indicate r 
connected to a flying anemometer head, was not entirely satis- 
factory. In order to define the curve accurately it is necessary, 
during the early portion of the experiment, to take observations 
rapidly, and it  was decided to employ a cinematograph camera 
for taking photographs of the Ogilvie indicator and a stop watch. 
This plan allowed the readings of pressure and time to be read cff 
at leisure in the Laboratory. 

In order to guard against the possible loss of the results due 
t o  failure of the film, a nmnber of visual observations were also 
taken ; these were found to be in very good agreement with the, 
values read off from the film. 

The procedure of 1~. & M. 668 has again been followed in 
reducing the results: if l be the cube root of the volume, and 
S the slope of the curves in Fig. 7, then C = 1S, where C is the 
non-dimensional coefficient defined on page 212. 
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Speeds for various Engine Combinations. Section ( iv) . - -Owing 
t.o the l imited t ime at  disposal, the measurements  of speed were 
not  carried out  in such a manner  as to afford ve ry  comprehensive 
d.~ta. By  including the results obta ined  b y  Lieut .  t Iasler  i t  has, 
however,  been possible to prepare a curve in the same manner  
as in the repor t  on P~.33" for the predict ion of speed with the 
forward engine stopped, the amidships engine at  constant  speed 
and the after  engine at  varying speed. Owing to pauci ty  of 
obserw~tions, however, the curve cannot  be defined wi thout  resort  
to the me thod  of calculat ion described in I~. & IV[. 668. I t  is there  
shown tha t  over the range of speed where the resistance I~ is 
propor t ional  to the square of the speed V, the sum of the th rus t  
coefficients is equal  to  a constant .  If  all engines are running at  
the same speed a constant  to ta l  th rus t  coefficient requires a con- 
s tant  value of V /ND,  where the variable N is the ro ta t ional  speed 
common to all the engines, so tha t  changes in v will be propor t ional  
to  those in N. Values of V / N  have been calculated f rom those 
observat ions of speed in the present  exper iments  where the 
ro ta t iona l  speed of all the engines running is the same. 

In  the case where the engines are running at  differing speeds, 
N~, N,~, N 3, i t  will be readily seen t ha t  when N 1, N2, N~ (or as m a n y  
engines as are running) all v a r y  in a given rat io  V must  v a ry  in 
the same rat io  in order  t ha t  V / N D  for each engine (and in conse- 
quence the  sum of the th rus t  coefficients) m a y  remain  constant .  
Thus if )~1 is zero, N 2 800 r.p.m, and Na 1,000 r.p.m, a change of 
N 2 to 1,200 r.p.m, and of N~ to 1,500 r.p.m, will cause the speed, V, 
to  increase to 1-5 t imes its former  value. This principle has been 
employed  in conver t ing  observat ions of speed in which engines 2 
and 3 only were running,  so t ha t  t h ey  could be employed  in 
p lo t t ing  the curve for R.29 in Fig. 8. 

Thru,~'t Experiments. Section (v ) . - -The  observat ions of pressure 
difference at  the amidships airserew were t aken  b y  means of an 
Ogilvie indicator  connected on  the one side to  the p i to t  tube  of 
the fixed head up-s t ream of the airserew and on the other  to the 
adjustable p i to t  tube  which was located in the slip s t ream at  
vary ing  values of the radii. The speed of inflow at  the Mrscrew 
was measured on a second Ogilvie indicator  connected to  the 
fixed anemometer  head. Exper imen t s  were carr ied out  a t  various 
values of V / n D  (n denotes the  ro ta t iona l  speed of the  Mrscrew)t  
bo th  wi th  and  wi thout  the forward  airscrews running.  

The me thod  of calculat ing the th rus t  coefficient (To) f rom tile 
measurements  of pressure difference (p,., - -  Pl)  is the same as t h a t  
given in g .  & 5'I. 4,60. The non-dimensional  quan t i t y  

× ( P 2 - - P ~ )  r = T '  
1 V ~ -  x D 

* R. & M. 668. Pannell and Frazer. 
To conform with tile usual practice of engineers, engine speed (N) is 

given in r.p.m. ; airscrew speeds (n) are in revs. per sec. 
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where r and D are respect ively the radius and d iameter  cf ~he 
airscrew, is p lo t ted  as ordinate  on a base of r /D ,  and the value 
of T ,  obta ined f rom the result ing curve by graphical in tegra t ion .  

Distribution of Airspeed.--The speed gradient  below the 
forward  ear was de tormined by  hauling in the N.P.L.  flying head  
by  5 ft. in tervals  and compar ing the readings of the Ogilvie 
indicator  com~eeted to  i t  wi th  those of the ship's anemometer .  
The explora t ion  at  the af ter  side of the amidships rad ia tor  was 
carr ied out  by  means of an anemometer  head fixed to a staff, and 
projec ted  th rough  a hole cut  for the purpose in the outer  cover. 
In  this ease the head fixed to the side of the  car was used to give 
a reference speed. This rad ia tor  was 4f t .  square (16 sq. ft. in area), 
and replaced a circular one which had been used unt i l  shor t ly  
before the trials.  

Variat ions of the airspeed of the ship during the exper iments  
were t aken  into account  by  mul t ip ly ing the reading of the 
exploring anemomete r  at  a given t ime by  the ra t io  of the mean 
reference speed for the exper iments  to the actual reference speed 
at  t ha t  t ime.  

DISCUSSION OF R E S U L T S .  

Turning Trials. Section ( i ) . - -The results of the turning trials 
are given in Tables 2, 3, 4, and  5, and are p lo t ted  on a speed base 
in Fig. 4. The var ia t ion of the turning coefficient with speed is 
less well defined t han  for R.33, and does not  appear  to exceed the 
observat ional  error.  In  this connect ion i t  m a y  be r emarked  t h a t  
the atmospheric condit ions on the four th  flight, when the results 
for R.29b were obtained,  were marked ly  less s teady than  for the  
other  flights. 

No account  is, therefore,  t aken  of var ia t ion  of the turn ing  
coefficient with speed, and the values used in p lo t t ing  the curve 
in Fig. 5 were ob ta ined  by  calculating the ar i thmet ical  means for 
each rudder  angle. I t  will be not iced tha t  values for port  and 
s ta rboard  rudder  angles fall on dis t inct  curves, and a mean  curve 
has been drawn to represent  the 29 Class with each condi t ion of 
the upper  fin. 

Calling the condit ion with the reduced upper  fin R.29a, and 
tha t  wi th  the whole of the fabric r emoved  f rom the upper  fixed 
fin R.29b, the various modifications give rise to the followil~g 
effects on the turn ing  circle. Wi th  the rudder  at  5 ° the d iameter  
of the turning circle expressed as a f ract ion of tha t  with the  
original fin is 0.76 for R.29a and 0.50 for R.29b ; at  15 '~ the effect 
is much less, the former being 0.87, the la t ter  0.66. 

A comparison is made in Table 6 between the min imum turn ing  
coefficients* of R.33 (R. & M. 668), R.29, t~.29a, R.29b and R.26 

* The " turning coefficient " for any particular r:tdder setting on an 
airship has been defined in R. & M. 668 as the diameteI of the turning circle 
divided by the length of the airship. 
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(R. & M. 674). These quanti t ies  are 6.22, 9.92 and 11.78 res- 
pec t ive ly  for R.33, R.29 and R.26 when the rudders  are at  19 ° 
(approximate ly  the max imum attainable).  The greater  d iameter  
for R.26 than  for I~.29 is probably  duo joint ly to the greater  fin 
area on the former and to i ts external  keel. On removal  of the 
whole of the fabric f rom the upper  fixed fin of R.29 (R.29b) the 
value falls from 9.92 t : )6 .67 ,  a quan t i ty  which does not  differ 
great ly f rom tha t  for 1{.33 (6.22). 

Th~ results obta ined with R.33 and R.29b rep:'es~mt the order 
of control labi l i ty  which would be expected on a modern  ship and, 
therefore,  they  only need be eon,ddered in fur ther  comparison. 
I t  is wor thy  of note t h a t  though the min imum turning eceffieients 
of R.33 and R.29b are approxima,tely equal, this depar ture  front 
rect i l inear  flight is produced in the first case by  the incl inat ion of 
rudders  which const i tu te  only 0.25 of the area of the to ta l  vert ical  
stabilising surface while the corresponding fracti(m on R.2.(}b is 
0.40. If i t  be conceded tha t  i t  is legi t imate to compare turning 
coefficients for ships of different ,~izcs, i t  apI~ears tha t  if all the 
rudders arc equally efficient it  is permissible to ,nossume a lower 
deg:'(o ef stn.bility in rcctiline~x flight fc~r 1{.33 than for R.29b. 
For  the turning coefficients are at)i)roxim,~tely the same for the 
same rudder  'ingles, and since the rudders  on R.29b const i tu te  
o.4o of the to ta l  ver t ica l  surface as e~gamr~t 0.25 on J~,.o3, i t  may  
he argued tha t  the depart~t,re of R.33 from a slraight course is pro- 
duced by a ,~maller di~'tnrbing force than on R.29b and that the 
,~lability of llte .former ~s'hip i8 therefore lower. 

For  the purpose cf the present  discussion a r~table airship may  
be defined as one which, for a cert :dn rudder  e, ngle, will fly (m a 
s t ra ight  p:~oth, and after  a dis turbance will t end  to re turn  to mot ion 
along a s t ra ight  p~tlh, t tmugh tha t  p a th  m ay  not  be the original 
or on(; parallel to i t .  

I t  ~,'hould t.',o no ted  however that ,  since, in R.29b the upper  
rudder  does ne t  operate  behind a fixed fin, i ts efficiency may  well 
(litter from tha t  of the lower rudder .  Exper iments  in the wind 
channel* show tha t  the lateral  force on a rudder  alone is 10 per 
cent.  greater  t han  when a fin is in place before it. This exper iment  
is p robably  analogous to tile use of an airship rudder  during 
approxim~te ly  s t ra ight  flight, and would serve to emphasize the 
conclusions drawn above as to  s tabi l i ty.  In  considering the flow 
in the neighbom:hood of the rudder  during turning i t  ~ppears 
probabh; t ha t  in using tile rudder  to stop a tu rn  the rudder  alone 
will be more eff icient ;  but ,  on the other  hand, during a s teady 
tu rn  the absence of the fin is l ikely to render  the rudder  less 
effective.  In  view of the large difference in the propor t ion  of the 
fin area which the rudders  en the two ships const i tute  i t  is unl ikely 
t h a t  the efficiency of the upper  rudder  on g .29b  will be sufficiently 
reduced  to inval idate  the argument  as to the relat ive s tabi l i ty  of 
Yg.29b and R.33. 

* R. &M. 156. Table 21. 
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An alternative means of estimating the relative stability of 
~.29b and R.33 would be to compare the turning coefficients when 
the rudders are set for rectilinear flight; but the observations 
.on R.29b were only taken at one speed and owing to paucity of 
observation the speed effect on t~.33 is not accurately defined. 
'On 2g.29b a~ 65 ft/sec, the turning coefficient is 47, while tlm 
corresponding figure for R.33 is 22 if it  be legitimate to compare 
at the same speed. R.33 is therefore again shown to be markedly 
less stable than. t~.29b, though for the reasons stated above t, hc 
quantitative comparison cannot be regarded as accurate. 

The following table shows the magnitude of certain quantities 
which affect the stability of the ships :--  

Area  of hu l l  p ro jec ted  upon  a ver t ica l  p l a n e  
(sq. ft.). 

Tota l  ver t ica l  fin a rea  (sq. ft.) . . . . . .  
D i s t ance  f rom C.G. to  cen t re  of a rea  of fins 

d iv ided  b y  to t a l  l eng th  of ship.  

1~.33. ! R.g9b. R.33. 
1~.29b. 

39,800 

1,880 
0 .47  

26,480 

1,069 
0 .45  

1"51 

1"76 
1"05 

These vahles show that  the increase of fin area on R,.33 over 
that  on ]%.29b is proportionally greater than that  of the projected 
area of the hull and further that  oll the former airship the leverage 
of the fins is proportionally 5 per cent. greater ; these differenc(s 
should increase the stability of ~.33 relative to that  of I~.29b. 
I t  has been shown, however, that  there are good reasons for 
believing R.29b to be less unstable than 1-¢.33, and it ttmrefore 
appears tha t  the fins of the latter ship are less efficient, or that  
the hull itself is more unstable. In all probability the reduced 
stability of R.33 is due jointly to the two causes. 

Course with Rudders approximately Amidships. Section (ii).-- 
The observations taken with rudders approximately amidships 
are plotted in Fig. 6 and the quantities derived from them given 
in Table 7. l~cference to Fig. 6 shows that  for 1%.29 the departure 
from a straight course is very slight and it is highly probable that,, 
ihad time permitted, a rudder angle could have been found for 
which the path would have been practically straight. The turning 
ec(ffieient is given in Table 7 as 71.5 at 36 ft/see, and 162.5 at 
67 ft. per see. Though these results show an effect due to speed 
in the same direction as that  observed on R.33 it  should be 
remembered f.hat, in spite of the slight curvature of the path, 
R.29 is believed to be stable and, therefore, the change has not 
~he same significance as on I~.33. 

The mean path of I~.29a (303 sq. ft. of canvas removed) for 
rudders amidships has been taken as straight ; at 61 ft. per see. 
the deviatien was less than for t~.29, while at 35 ft. per see. the 
ship turned slightly first to pert and then to starboard. 
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In the ease of I~.29b (all fabric removed from upper fixed fin) 
there was a decided turn when the rudders were clamped amid- 
slfips, the turning coefficient being reduced to 47 as against 162, 
and infinity for R.29 and P~.29a at approximately the same speed. 
The value of the three remaining turns at lower speed on 1-1.29b 
was seriously impaired by the unclamping of the rudders which 
occurred as the result of a misunderstanding. The angle of the 
rudders was observed approximately by the rating on duty as 
about 1 ° starboard (see Table 7) which, as the ship was already 
turning to starboard, resulted in an increased rate of turn. This 
error precludes the possibility of an accurate estimate of the speed 
effect in the only ease where it was likely to be of interest, viz., the 
unstable condition. The reason for dividing the low speed 
experiment into three parts (Expts. No. 71, 72 and 73) is tha t  for 
the first three minutes the speed was higher than during the 
remainder of the experiment, while betweentime 6~ and 9 minutes 
there was scarcely any departure from a straight course. 

Though these results are far from complete the authors are 
of the opinion that  they indicate a condition of instability for 
R.29b, while both R.29 ~nd 1~.29a are probably stable for recti- 
linear flight in a horizontal plane. 

During the second flight in R.29 (original fins) some obser- 
vations were taken to indicate the behaviour of the airship in yaw 
while being flown on a given compass eom'se. These values are 
ph)tted in Fig. 6a in comparison with similar observations taken 
on It.33 (see g .  & 3I. 668, Fig. 8), the personal element being to 
some extent, eliminated by the same observer manipulating the 
helm on the two airships. The experiment on 1~.29 may be 
regarded as commencing at time 5 rains., and it will be noted that  
though the experiment was continued for 22 minutes the rudder  
angle was only changed twice and the deviation from the mean 
course was less than 20 °. On P~.33, the rudder angle was changed 
11 times in the same period and it was only by keeping the closest 
watch that  the variations of course shown in the figure were not 
exceeded. The variation of course for R.33 was about 35 ° on 
either side of the mean as compared with about 18 ° for t~.29. 
The greater departure of 1{.33 from a straight course would result  
in the distance flown by that  ship during a flight from one point  
to auother being appreciably greater than for R.29. The path of 
R.33 would, of course, have been more nearly straight (by close 
application the deviatien can be reduced to a very small mag- 
nitude) had larger rudder angles been employed, but this would 
have the concomitant disadvantage of increasing the resistance. 

This comparison appears to bring out very forcibly the 
advantage of stability in an airship. A given course can be 
flown with much greater accuracy and, as may be seen by 
comparison of the movements of the rudders on the two ships, 
with a greatly reduced effort on the part of the helmsman. The 
latter advantage would be of very great value on a long voyage 
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such as a flight to America. The authors fully realize that  excessive 
stability is objectionable under disturbed atmospheric conditions, 
and it is possible that  since the dimensions of a gust may be 
comparable with the length of the ship, even a c~ndition of 
neutrality might be objectionable. Practical experience will 
probably form the best guide to the degree of stability most suited 
to the flying in all weathers. 

I t  is probable that  a straight course would have been steered 
with equal case and accuracy on R.29a. No records of this nature 
were taken on 1~..29b ; but it may be confidently asserted that  for 
the same rudder angles a straight course could nGt have been 
steered so readily as on R.29. I t  was interesting to note that  
the helmsmen found R.29b markedly more difficult to steer than 
R.29 and were frankly of the opinion that  the ship was un,~atis- 
factory. Yet l~.29b was probably more controllable for straight 
flight than g.33, and on this point it would have been of interest 
to have had the opinion of a helmsman from R.33. 

I t  will be urged that  though the degree of stability possessed 
by R.29 or R.29a may be of value in straight flight the control- 
lability in turning is reduced to an inadmissible extent, geference 
to Table 6 show's that  the minimum turning cccfficients exccod 
tha t  for 1~.33 by the following amounts, R.29, 60 per cent. ; 
R.29a, 44 per cent ,  and 1~.29b, 7 per cent. I t  is probable that  of 
these only R.29b would be regarded as satisfactorily controllable 
for manoeuvring and here the stability is shown to be sufficiently 
reduced to impair ease of steering in straight flight. To secure 
a high degree o.f both stability and controllability it appears that 
such control surfaces must constitute a larger proportion of the 
total area of stabilizing surface than do those at present in use. 

This plan is adopted on the Italian airships where, with tho 
occasional exception of a small upper plane, the whole of th(~ 
stabilizing surface is moveable. No experiments were carried out 
on airship S.g.1 (an Italian built semi-rigid) before she was 
dismantled; but it is understood that  the controllability of 
Italian ships is regarded as satisfactory if the minimum diameter 
of turning circle does not exceed eight times the length. No infor- 
mation is available as to the stability of these ships. 

In concluding this section it may be remarked that, though no 
records were taken, the advantage of 1~.29 over R.33 in the 
facility with which a given height could be maintained under 
steady conditions, was as great as in steering a course. Since 
control in a vertical plane is of prime importance and always 
requires close attention, the reduction of effort would be much 
appreciated by the height coxswain. 

Deceleration. Section (iii).--Three experiments were carried 
out on deceleration, but at the conclusion of the first the rubber 
tube to the airspeed indicator was found to be kinked so that  this 
set of observations was rejected. The values obtained from tho 
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Swo remain ing  exper iments  are p lo t t ed  in Fig. 22, a line repre-  
senting ttte e s t ima ted  mean  slope being drawn th rough  each set 
of points .  Values of 1/V are here carr ied as far as 0.06 as 
compared  wi th  0.04 on k .33  and  this difference is largely respon- 
;dble for the more errat ic  behaviour  of the observat ions  on g .29  
a t  the lower speeds. These observat ions  a t  low speed were t a k e n  
with the object  of de termining  if there was any  consis tent  depar-  
ture of the resistance f rom propor t iona l i ty  to V s, as shown b y  the 
failure of the observat ions  p lo t ted  in Fig. 22 to lie upon a s t ra ight  
line. Al though at  low speeds there is considerable depar tu re  f rom 
the mean  line, i t  is in opposi te  directions in the two exper iments ,  
and is p robab ly  due to uns teady  a tmospher ic  conditions.  

The mean  value of the resistance coefficient C* is 0.0227, f rom 
whieh the wflue for each exper imen t  differs by  3 per  cent. 

The following comparison m a y  be made  wi th  I{.26 and  R.33 : ~  

R.2m a.26 
(R. & 1V[. 674.) (~.  & M. 668.) 

Resis tance coefficient C ... 0.0227 0.0247 0.0173 
Cocttieient in te rms  of 1L.29 ... 1.00 1-09 0.77 

I t  will be seen f rom this compar i son  t ha t  1~.33 has a resistance 
~1.77 times, and ]~,.26 1-09 t imes,  t h a t  of 1~.29. Expe r imen t s  on 
models are not  yet. avai lable for the  predic t ion of the relat ive 
resistal,ees of 1~,.:{3 and  g .29,  !rot since the difference be tween  the  
la t ter  ship and  1~.2(i is confined to the ex te rna l  keel and  a slight 
modifieati(:n in the form of head, the  compar i son  between these 
two ships m a y  1)(; a t t e m p t e d .  I n  R.  & M. 619~it  is s t a t ed  (TaMe 1) 
t)hat the resista.nce of the keel is abou t  8 per  cent. of t h a t  of hull 
and  keel, ~_(l Table  5 gives the resistance of hull and keel as 62 per  
cent.  of the total .  The results  f rom the model,  therefore,  indicate  
thai, due to tit(; k(e l  the resistance of I~.29 should be 5 per  cent. 
less t h a n  t h a t  (~f ])~.26. The resistance coefficient of the model  
hull is falling rap id ly  a t  lhe highest value of V1 obta ined  so t h a t  
*,he (liffere>ee due to  the keel on the actual  ship should be less 
bhan 5 per  cent.  

As a result  of exper iment~ in the wind channel, the head chosen 
f(~r 1~,.29 consisted of a modif icat ion of t h a t  on 1K.26 made  by  
i nerea.sing the length slightly, and reducing the curva ture  near  the  
cyl indr ica l  por t ion  a t  the expense of an increase of curva ture  near  
the nc,~:e, tb m a y  be inferred f rom the present  compar ison  thab 
this modificath)n resul ted in a reduct ion in resis tance of the whole 
shi I) of abou t  5 per  cent .  

Air Speed ./'or various Engine Combinations. Section (iv).--- 
Examinat i ( )n  cf the results  shows t h a t  the speeds ob ta ined  wi th  
1¢.293 and  R.29b were decidedly lower t h a n  t h a t  for I~.29 (original 

* R = CpV*I ~ where I equals the cube root oI the volume. 
"[' The prediction from models of the Resistance of an Airship of 

the 23 Class. R. & M. 619. Pannell, Jones and Pell. 
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fins). Tables 9, 9a, and 9b give mean vdues of the speed under 
these three conditions, and show that  the speed of R.29 is approx- 
imately 5 per cont. higher than that  of 1~.29a or I~.29b when the 
rudders are amidships or at 5 ° . The observations are not suffi- 
ciently complete to establish any difference in speed between 
R.29a and 1~.29b. This increase in resistance of 10 per cent. due 
to uncovering the girder work of the upper fin on such a high 
resistance ship as R.29 provides a striking illustration of the 
manner in which resistance may be caused by objects of relatively 
small dimensions. 

DoMing, then, with the results in Table 9 only, the observations 
constitute a comparison of speeds for various engine combinations ; 
but they do not afford a direct measure of the maximum speed of 
the ~irship. In view of this omission the speeds attained during 
turning trials Olt R.29 (Table 2) were examined in order to discover 
whether the mean values for experiments with the rudder at 5 ° 
could be employed in the present section of the report without 
serious error. 

I t  was found that  the angle of yaw was only about 2 °, and 
values of V/N (where V is the airspeed and N the rotational speed 
of the engine in revolutions per minute*) calculated from these 
observations did not differ from the mean by as much as certain 
of the direct observations with all engines running at a like speed. 
The mean speeds for Experiments Nos. 1 and 5 (Table 2) have, 
therefore, been employed without correction in. compiling Table 10. 

The average maximum speed is given in Table 10 as 79.2 ft/see, 
(46.8 knots) and a value of V/N of 0.048 is eMculated for all engines 
running at a like speed. With engines 2 and 3 at a like speed 
V/N was 0.042, while a value of 0.030 was obtained for engine 
No. 2 only running. 

A curve is given in Fig. 8 showing the airspeed for various 
rotational speeds of the after en~ne when the forward engine is 
at rest, and the amidships engine is running at 1,400 r.p.m. As 
previously stated (see p. 206) it  was neeessary to resort to calcu- 
lation in preparing this curve as only three of the direct obser- 
vations were of the required type. I t  should also be stated that  
the majority of the values employed in this figure were based on 
observations taken by Lieut. Ilasler. Curves of this type may be 
readily prepared for any rotational speed of the amidships engi ne ; 
1,400 r.p.m, was chosen as a normal running speed. 

Thrust  Measurement.  Section (v).--The observations of pres- 
sure ~fferonce at the amidships airscrew are given in Table 12 
and are plotted for Experiments No. 100 and 102 in Figs. 9 and 10. 
I t  will be noticed that  the moan curve through the observations 

*To conform with the usual practice of engineers, engine speed (N> 
is given in r.p.m. ; airscrew speeds (n) are in revs. per sec. 
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oecemes negat ive in the regions of the boss and the tip. The 
neg<~tive por t ion  at  the t ip  is so impor t an t  t ha t  on calculating 
vMues of T '*  and obtaining the value of the th rus t  coefficient To, 
i t  was found tha t  in each case this la t ter  quan t i t y  was very  much 
lower than  the corresponding value obtMned on a model.  I t  was 
realised from the outset  t ha t  a correct ion would probably  be 
necessary for the effect of the rad ia tor  which is s i tua ted  between 
the car and the hull, filling the entire space. Wi th  the object  
of evaluat ing such corrections the observat ions of speed behind 
the rad ia tor  (Fig. 12) were made ; bu t  the accurate use of them 
in cMculating a correct ion is p reven ted  by  the lack of informat ion 
as to the value of the stat ic pressure in t h a t  region. 

T h e  distance f rom the t ip  of the airscrew to the hull was 2.5 ft., 
and observat ions were t aken  to a distance of 19 ins. beyond  the 
tip. Reference to Table 12 shows t h a t  beyond the t ip  the curve 
of pressure difference is horizontal  to  the accurgcy of the obser- 
vations,  and it  may,  therefore,  be assumed tha t  there is no marked  
effect  over  this region due to the prox imi ty  of the hull, so tha t  the 
reading of the travel l ing pi to t  tube  when in this position affords a 
measure of the true value of the datum. Under  these circum- 
stances i t  appears legi t imate to assume the dg tum line in  the 
neighbourhood of the t ip  to be in such a posi t ion as to render  the 
pressure difference there zero. This conclusion is suppor ted  by  
the recent  invest igat ion c~rried out  on models by  Messrs. ]?age 
and Howard  to check the results of R. & M. 565 ; t h ey  found 
thg t  if the pressure difference was measured as close as possible 
to the Mrscrcw on either side of it, and ~t the same r~dius on the  
inflow gn.d outflow sides, the pressure difference at  the t ip  w~s 
a p p r o x i m a t e l y  zero. 

An a t t empt  to apply  ~n approximate  correct ion to the present  
results has, therefore,  been made in the following manner .  The 
da tum in the region of the t ip  of the airscrew has been t aken  so 
as to m~ke the pressure difference there zero, and this da tum has 
been assumed to apply  down to a radius of 60 ins. ( r /D = 0.37) 
which is the p.osition of the roof of the car. There was no reason 
for supposing tha t  the radia tor  caused an error in the region of 
the boss of the Mrscrew and the measured  da tum was assumed 
to be correct  up to a radius of 20 ins. ( r /D  ~ 0.123)~ ; these da ta  
were connected by  the a rb i t ra ry  curves shown in Figs. 9 and 10, 
and vMues of the pressure difference were sealed off using this  
new da tum curve. F rom the quant i t ies  thus obta ined  T '  was 
cMculatcd and the thrus t  coeffÉcient Tc eva lua ted  graphically in 
the manner  explained on page 206, the process being c~rried th rough  
for one exper iment  in which the forward airscrews were running,  

* T ' =  ~ × P 2 - -  Pl  r 

t It m a y b e  remarked that  for the highest  accuracy in future experiments  
i t  will  be advisable  to travel both pitot  tubes. 
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and for another in which they were at rest. 
are given in the following table :-- 

VALUES OF T~. 

The results obtained 

Expt. No. 100. 
(V Inn = o.3s). 

Tc 

Full  scale (original observa t ions  O. 041 
Ful l  scale (new da tum)  ... 0 .34  
Model  . . . . . . . . . . . .  0 .39 

Expt. No. 101. ! Expt. No. 102. 
(V/nD = 0.34). [ (V/nD= 0.31). 

Tc I Tc 

0 . 1 2  ! 0 . 2 0  
1 O. 54 

0.54 [ 0.65  

Note.--The observa t ions  were n o t  carr ied to  t h e  t ip  of the  airscrew in 
E x p e r i m e n t  No. 99 ; T c has n o t  been calcula ted  for t h a t  exper iment .  

I t  will be seen that  the values of Tc derived by tlm use of the 
arbitrary datum are from 15 to 20 per cent. lower than the values 
from the model, so that  by the use of a slightly different but no 
more improbable datum line, the full-scale results could be brought 
into agreement with those obtained on the model. 

The results o btMned are, of course, of no value as measurements 
of the thrust of this airscrew, but it appears to the authors that. 
the method of dealing with them which has been adopted indicates 
tha t  under more favourable circumstances a satisfactory measure- 
ment of thrust  might be obtained. 

In  calculating Tc from the original" observations (Table 12) 
i t  was found that  for all three Experiments (100, 101, 102) the 
value of T' at the tip was approximately the same. If the 
exploring pitot tube when at the radius of the tip of the airserew 
is regarded as beyond the influence of the slip-stream, a constant 
value of T' means that  the ratio of the pressure difference between 
the travelling pitot tube and the pitot tube fixed at the side of 
the ear to ½pV 2 is eonstallt. I t  should be noted that  this constancy 
is maintained, though in experiment I00 the forward airscrews 
were running, while in experiment 102 they were at rest. I t  may, 
therefore, be inferred that  the influence of the slip-stream from 
the forward airserews was felt equally on both pitot tubes at the 
amidships ear, though one projects 3 feet from the side of the car 
and the other is in the neighbourhood of the hull. 

Distribution of Speed in Various Localities.--The distribution 
of speed below the forward car (see Fig. 11) is of the type expected ; 
the highest value observed (at a position approximately one foot 
below the bottom of the ear) was 17 per cent. above the mean 
forward speed of the ship. The local speed did not exceed the 
mean forward speed by more than 1 per cent. when the length of 
tube let out was 30 ft. During the experiments on 1~.33 (R. & M. 
668) it was found that  at a speed of 68 ft. the flying head was 
deflected horizontally 20 feet, when 45 ft. of tubing was lowered. In 
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mt~ldng all approximate  estimable of the posi t ion of the flying head 
i t  ma y  be assumed tha t  the tube  takes up the form of a circular 
are, under  which circumstances the ver t ical  distance to the head 
will be 38 ft.  when 45 ft.  of tubing are lowered. 

The  distr ibution of speed along a ver t ical  line behind the 
amidships radia tor  is given for thre, e values of the forward speed, 
in Fig. 12. The curves show a reduct ion of speed of the order  of 
70 per cent. with a marked  dip in the curve near the centre of 
the radiator .  Of the two max ima  observed on this line the  one 
on the side nearest  the, hull is ra ther  lower. 

A comp~u:ison was ~flso m~de between the airspeed as given 
by  the flying head at  the forward  car and by  the fixed head at  
the amidships ear, bo th  with and wi thout  the forward airscrews 
rmming.  The results ob ta ined  were as follows : - -  

r .p .m,  of Engines .  

Expt .  Nos,  

No.  1. 

107 ~ Stop 
85, 86 & 100 1,200 

hfean  Air  Speed 
(f t /see.) .  F o r w a r d  

. . . . . . . . . . . . . . .  C l i p .  

A t  .At Amidsh iFs  
F o r w a r d  Amidsh ips  Car.  

Car.  Car,  ! ! 

No. 2. 

1,200 
1,200 

No. 3. 

Full 
1, 200 

60 .2  53-7 1 .12 
5 6 . 5  65 .5  0 . 8 6  

The speeds givert in Expe r imen t  107 are each der ived f rom about  
°5 obserwltions, while the remaining speeds are mean vMues f rom 
the exper iments  quoted.  

I t  will be sce~l t ha t  whereas when the forward  airscrew is a t  
rest  the rat io of tile speed by  the flying head to tha t  at the amid- 
ships car is 1.12, whorl all the  airscrews run  at  1,200 the rat io  is 
only 0.86. The high value of 1-12 is thought  to be due to the 
" wash " f rom the forward  ear and the reduct ion to 0.86 pro- 
sumably  represents  the effect of the slip-stream. 

[ t  must,  however, be remarked  th'~t the second ra t io  is liable 
t~) error  beetmse the value 65.5 f t / sec ,  is the mean  speed during 
Expe,"iment 100, while the value 56.5 f t /sec,  is the mean  value 
f rom the speed trials carried out  at  w~rieus t imes with all engin(s  
at  1,200. If, however, ex t reme vMues had been chosen so as to  
make the second ratio a muximum it would still have been less 
t han  uni ty .  

In  concluding the repor t  the authors  desire t o  tender  thei r  
th~mks to those who assisted in carrying out  the trials. Tile 
(l:)mm,mding Officer of 1:~.29, Captain A. H. Wann,  ncMgated the  
airship th roughout  in such a manner  as to secure the l~est possible 
c:mdition~4 for tit,, exper iments .  In  construct ing and fitting up 
the t~pparatus the engineer officer, Lieut.  H. N. t tasler,  rendered  
invaluable assistance. 
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For  the  manipula t ion of the  helm from the after ear, and for 
numerous observations of the compass fitted ~here the authors  
are indebted to Sergt. F. Smith, I~.A.F. 

Many of the observations on the two last flights were taken by 
M:r. E. F. Relf, A.I%.C.Sc., of the AeronauticM staff of the N.P.L.  ; 
the authors are also indebted to him for criticism of the report.  

TABLE 1 (see Fig. 1). 

VAI~IOUS PAI%TICULARS OF ]~.29. 

Displacement . . . . . . . . . . . . . . .  1.06 × 11) 6 cu. ft .  

Volume of Gas . . . . . . . . . . . . . . .  990,000 cu. ft. 

Length  overall . . . . . . . . . . . . . . .  539.5 ft. 

~ a x i m u m  Diameter  . . . . . . . . . . . .  53 ft. 

Engines : - -Forward  and af t  cars. One 275 h.p. Rolls-Royce 
driving two swivelling airscrews. 
Amidships car. One 275 h.p. l~olls-Royce driving 
one airscrew. 

Airsel'ews : Forward  and aft,  each of 10 it .  diameter,  four-bladed, 
swivelling, Integral .  
A idships, one 2-bladed Farr ingdon,  13.5 ft .  
diameter.  

Gear l%atio : - -Forward  and af t  0.512 to 1. 
Amidships 0.64 to 1. 

R,29. R.29a. R.29b, 
Stabilizing Surfaces. (Sq. ft.), (Sq. ft.), (8q. It.). 

T o t a l  f i xed  v e r t i c a l  a r e a  . . .  . . . . . .  
T o t a l  m o v e a b l e  v e r t i c a l  a r e a  . . . . . .  
T o t a l  f i xed  h o r i z o n t a l  a r e a  . . . . . . . . .  
T o t a l  m o v e a b l e  h o r i z o n t a l  a r e a  . . . . . .  

1 2 7 4 . 9  
4 2 5 - 4  

1 2 6 3 . 0  
4 2 5 . 4  

971"9  
4 2 5 . 4  

1 2 6 3 . 0  
4 2 5 . 4  

6 4 3 . 4  
4 2 5 - 4  

1 2 6 3 . 0  
4 2 5 - 4  

DEDUCED FROM PI~ESENT EXPERIMENTS. 
Maximum speed 79 ft/see. (46-8 knots). 

; In Terllls o[ 
Feet. I Length ot 

lr Airship, 

M i n i m u m  d i a m e t e r  of  T u r n i n g  circle R . 2 9  
M i n i m u m  d i a m e t e r  o f  T u r n i n g  circle R . 2 9 a  
M i n i m u m  d i a m e t e r  of  T u r n i n g  circle  R . 2 9 b  

. . .  5 ,350  

. . .  4 ,850  
, . .  3 ,600  

9 . 9 2  
I 9.00 
I 6"67 

:B75~,2 P 



Expt. 
No. 

9 

10 
11 
12 

Anglo of Rudders 
(Deg.). 

TABLE 2 (see Figs. 4 and 5). 

~I_RNING TRIALS--l~.29 (ORIGINAL FINS). 

Calculation of ])iamcicr of Turning Circh;, &c. 
, | ,  L 7":- 

i Diameter of 
Engine Combinations.* Turning Circle. 

Sp~ed Rate of Turn. 
F t / s e e .  6" i 

Mean 
Inclination. 

(Dog.). 

5 ° po r t  . . .  
5 ° ~, . . .  

5 ° ~, . . .  

5 ° 7, - - .  

5 ° starboard 
5 ° ~ 

5 ° ~j 

10 ° por t  ... 
10 ° . . . . .  
10 ° ,, . . .  
10 ° . . . . .  

° . .  

] ~ 0 .  1 
(r.p.m.). 

1,650 
1,200 
1,200 

0 

1,600 
1,400 
1,200 

0 

1,600 
1,200 
1,200 

0 

* Forward ei~gine ... No. 1. 
Amidships . . . . .  No. 2. 
Af~ . . . . .  Nd. 3. 

~ o .  2 
(r.p.m.). 

1,600 
1,200 
1,200 
1,200 

1,600 
1,200 
1,200 
1,200 

1,600 
1,200 
1,200 
1,200 

(r.p,m.). 

1,700 
1,200 

0 
0 

1,700 
1,200 

0 
0 

1,700 
1,200 

? 

0 

79"2 
57"6 
48"7 
37"0 

77"5 
57"0 
46"3 
35"6 

78"5 
57"6 
48"8 
35" 6 

Rad./see. 
Feet. 

: Turning 
i Cocffieiont..~ 
I 

0-0108 
0 .00809 
0-00699 
0 .00596 

14,680 27 .2  
14,300 26-5 
13,900 25.8  
12,400 23 .0  

0 .0103 15,050 27.9  
0 .00803 14,200 26.35 
0 .00646 14,330 26 .6  
0 .00489 14,580 27.05 

0 .0187 
0 ,01415 
0-0116 
0 ,00879 

8,400 
8,150 
8,420 
8,110 

15.59 
15.11 
15.62 
15.05 

0 
- - 5 " 0  
- - I . 0  
- - I . 0  

- 2 . 0  

- -  1 . 7 5  

- - 3 " 5  
- - 4 . 0  
- 4 . 5  

~" Turning C o e f f i c i e n t  = 
Diameter of Turning Circle. 

L e n g t h  o f  A i r s h i p .  

True Angle 
of Yaw, 

(1)eg.). 

- -  1 . 9 6  

- 2 . 9 0  t o  
- 1 - 9 o  

- -  2-70 

+ 0 .26  
- 0 .29 

- 2 . 9 8  

- 3 .30 
- -  3 . 1 2  

- -  3 . 6 9  



TABLE 2 (contd.). 

T U P ~ N I N G  T R I A L S - - I L 2 9  ( O R I G I N A L  F I N S ) .  

C a l c u l a t i o n  of  D i a m e t e r  of  T u r n i n g  Ci rc le ,  &c.  

Expt .  
No. 

Angle  of R u d d e r s  
(Deg.). 

13 10 ° s t a r b o a r d  
14 10 ° ,, 
15 10 ° ,, 
16 10 ° ,, 

17 15 ° po r t  ... 
18 15 ° ,, 
1 9  15 ° . . . . .  

20 15 ° s t a r b o a r d  
21 15 ° ,p  

22 15 ° ,, 

. . .  

°. ,  

°. ,  

Eng ine  Combina t ions .  

No.  1 
( r .p .m.) .  

1,600 
1,200 
1,200 
1,000 

No. 2 
(r.p.m.). 

1,580 
1,400 
1,400 
1,000 

1,600 1,580 
1,400 1,400 

0 i 1,200 

1,600 i 1,560 
1,400 i 1,400 

o i 1,4oo 
i 

No. 3 
i t .p.m.).  

1,700 
1,200 

0 
0 

1,700 
? 
0 

1,700 
? 
0 

Speed 
V ~fRate of T u r n .  

F t / s ee .  I Rad. [sec. 
i 
[ 

75.1  
59 .0  
51 "3 
39 .3  

74 .9  
54 .6  
31 .6  

74 .0  
54 .3  
34 .8  

0 .0173  
0 .0140  
0-0116 
0 .00886  

0 .0242  
0 .0178  
0-0108 

0 .0225  
0 .0171 
0 .01065  

Diameter of 
Turning Circle. 

* T u r n i n g  
Fee t .  Coefficient. 

8,690 16 .10  
8,440 15 .65  
8, 850 16- 42 
8,870 16 .45  

6,195 11 .49  
6,140 11 .38  
5,855 10 .87  

6,58O 12 .20  
6, 355 11 .80  
6,540 12 .12  

Mean  
Ine l ina t ion .  

(Deg.).  

- - 2 - 0  
- - 4 . 0  
- - 1 . 0  

- - 2 - 5  
- - 1 . 0  
- - 6 . 5  

- - 1 . 0  
- - 4 . 0  
- - 3 . 0  

True  Anglo 
of Yaw,  fl 

(Deg . ) .  

4 -  2-52  
4- 2 .45  
.4.4.2"15 
+ 2 .03  

- -  3 .93  
- -  4 .10  

4 . 3 1  

4 -  2 . 9 9  
-4- 3 .75  
-}- 3 .57  

t,9 

T)iameter  of Tu rn ing  Circle. 
* T u r n i n g  Coefficient ~ L e n g t h  of Airship.  



TABLE 3 (see Figs. 4 and 5). 

TURNING TRIALS--R.29A (Upper iixed fin area reduced by 303 sq. ft.). 

CalculatiOn of Diameter of Turning Circle, &c. 

Expt. 
~No. 

Angle of Budders 
(Dog.). 

Engine Combinations. 

I 

No. 1 No. 2 No. 3 
(r.p.m.). i (r.p.m.). (r.p.m.). 

Diameter of 
Speed Turning Circle. 

V Rate of Turn.  . . . . . . . . . . .  

Ft/sec. 6 
* Turuing 

Rad./see. Feet. Coefficient. 

Mean 
Inclination. 

(Deg.). 

True Angle 
of Yaw,/3 

(Deg.). 

23 
24 
25 
26 

5 ° p o r t  ... 
5 ° , j  . . .  

5 ° ~ • . .  

5 ° ~ ,  . . .  

, , °  

1,600 1,700 1,700 
1,400 1,400 1,400 
1,200 1,200 1,200 

0 1,000 1,000 

27 5 ° s t a r b o a r d  ... 1,600 
28 5 ° ,, ... 1,400 
29 5 ° . . . . .  1,200 
30 5 ° . . . . .  1,000 

I0 ° p o r t  . . . . . .  1,600 
10 ° , . . . . . . .  1,200 
10 ° . . . . .  1,000 

10 ° s t a r b o a r d  . . . .  1,600 
10 ° , . . . .  1,400 
10 ° , . . . .  1,200 
10 ° ,, ... 1,000 

3 1  

3 2  

3 3  

34 
35 
36 
37 

1,700 
1,400 
1,200 
1,000 

73"5  0 . 0 1 4 0  
6 3 . 0  0 . 0 1 2 5  
5 2 . 6  0 .0101  
36-0  0 . 00699  

1,700 7 4 . 8  0 . 0 1 3 0  
1,400 6 3 . 0  0 -0112  
1,200 55"0  0 . 0 1 0 2  

0 39-0  0 . 0 0 6 8 6  

1,700 1,700 7 2 . 5  0 . 0 2 1 5  
1,200 1,200 5 2 . 8  0 . 0 1 6 6  
1,000 0 35 .2  0 . 0 1 0 6  

10,500 19.48 + 3 . 0  
10,100 18 .72  --  2 -0  
10,400 19.29 --  1 .0  
10,300 19-10 - -  8 -0  

11,500 
11,250 
10,800 
11,350 

6,750 
6,360 
6,640 

21 .30  
20-85 
20 .02  
21 .05  

12 .50  
11.80 
12 .30  

1,700 1,700 6 9 ' 2  0"0191 7,250 13.45 
1, 4{}(} 1,400 61 • 0 0 . 0 1 6 9  7,220 13" 40 
1,200 1.200 5 2 . 9  0. 0147 7,250 13" 45 
1,000 0 3 5 . 9  0. 0105 6,850 12.70 

- - 1 " 5  
- - 3 " 5  
- - 4 . 6  
- - 5 . 2  

- - 3 " 0  
- - 2 . 0  
- - 6 . 0  

- - 4 . 0  
- - 3 . 7  
- - 4 . 3  
- 4 . 3  

- -  2 . 5 8  
- -  3 . 1 3  

- -  2-99  
- -  2 .52  

4 2 " 1 1  
+ 2 .47  
+ 2 .19  
+ 1 .96 

- -  4 . 7 6  

- -  4 .43  
- 3 .77  

+ 3"59 
+ 3 .28  
+ :1.37 
-4- 3.32  

t~ 

Diameter of Turning Circle. 
* Turning Coefticient Length of Airship. 



TABLE 3 (CO't~,td.). 
T U R N I N G  T R I A L S - - R . 2 9 A  ( U p p e r  f i x e d  f in  a r e a  r e d u c e d  b y  303 s q .  f t . ) .  

C a l c u l a t i o n  of  D i a m e t e r  o{ T u r n i n g  Ci rc le ,  &o. 

EXpt. 
No. 

3 8  
39 
40 

41 
42 
43 
44 

Angle of Rudders 
(Deg.). 

15 ° p o r t  . . . . . .  
15 ° ,, . . . . . .  
15 ° , . . . . . . .  

15 ° s t a r b o a r d  
15 ° . . . . .  
15 ° . . . . .  
15 ° ,, 

Engine Combinations. 

No. 1 
(r.p.m.), 

1,200 
1,200 
1,000 

1,600 
1,400 
1,200 
1,000 

I~o, 2 
(r.p.m.). 

1,600 
1,200 
1,000 

1,700 
1,400 
1,200 
1,000 

No. 3 
(r.p.m,). 

1,650-75 
1,200 

0 

1,700 
1,400 
1,200 

0 

Speed 
V 

Ft/see. 

69.0  
50.9 
34,7 

70.5  
57.8 
52.8  
36.25 

Rate of TurnJ 
¢ ; 

Rad. [seo. i 

! 

0"0262 
0"01985 
0"0133 

0"0244 
0"0205 
0"0186 
0"0125 

DiameLer of 
Turning Circle. 

* Tm'ning 
Feet. Coet~ieie~t. 

5,270 9"77 
5, 140 9" 53 
5,215 9 .66  

5,790 10" 71 
5, 640 10" 44 
5,690 10-53 
5,800 10.75 

Mean 
Inclinatiom 

(Deg.). 

- - 5 . 5  
- - 4 . 6  

- - 7 . 3  

+ 2 . 0  
- - 1 . 0  

0 
- - 4 . 0  

True Angle 
of Yaw, 

(Deg.). 

- -  5 " 2 8  
- -  5 . 6 9  
- -  5 . 4 8  

+ 4 . 1 3  
+ 4-11 
+ 4 .00 
+ 3-87 

t~ 
t~9 

Diameter of Turning Circle. 
* Turning Coefficient . . . .  J~e~ngth-tTf A(rahip. . . . .  



T A ~ L ~  4 (see  F i g s .  4 a n d  5). 

T U R N I N G  T R I A L S - - R , 2 9 R  ( W h o l e  o f  f a b r i c  r e m o v e d  f r o m  u p p e r  f i xed  fin).  

C a l c u l a t i o n  of  D i a m e t e r  of  T u r n i n g  Ci rc le ,  &c.  

E x p t .  
No.  

45 
46 
47 
48 

49 
50 
51 
52 

53 
54 
55 

56 
57 
58 

.~ugle of Rudders 
(Deg.). 

5 ° por t  ... 

5 °  t, , .o 

5 ° s tarboard  

5 ° j,  

10 ° por t  .., 
I0 ° . . . . .  
10 ° . . . . .  

t0  ° s tarboard 
10 ° ,, 
10 ° ,, 

# I #  

o.. 

.°.  

P ~ g  

Engine  Combinnt ions .  

No. 1 No. 2 No. 3 
(r .p.m.).  (r .p,m.) ,  ( r .p .m.) .  

t,600 1,700 
1,400 1,400 
1,200 1,200 
1,200 1,200 

1,600 
1,400 
1,200 
1,200 

1,600 
1,200 
L200 

1,600 
1,200 
1,200 

1,700 
1,400 
1,200 
1,200 

1,700 
1,200 
1,200 

1,700 
1 , 2 0 0  

1,200 

1,700 
1,400 
1,200 

0 

Speed 
V 

F t / s e e .  

72.75  
62.7  
51 .5  
42 .8  

1,600 I 71.1  
1,400 62.1  
1,200 52-2  

0 42 .4  

1,600 
1,400 

0 

1,600 
1~400 

0 

69" 9 

54" 5 
41-1 

63" 7 
5 5 . 6  
41"2 

R~tte of Turu .  
q, 

Rad./see. 

0.0211 
0.0186 
0.01595 
0-0117 

0.0205 
0.0182 
0.01425 
0.01105 

0.0283 
0-0234 
0.0166 

0.0232 
0.021(t 
0 .0170 

I ) i ame te r  of 
T u r n i n g  Circle. 

* T u r n i n g  
Feet .  Coefficient. 

6,900 12.80 
6,750 12-50 
6,470 t2 .00  
7,320 13" 58 

6,950 12- 89 
6,840 12- 67 
7,340 13.60 
7,670 14.21 

4,950 9- 18 
4, 670 8 .65 
4,950 9" 18 

5,500 l 0 .20  
5,300 9 .83 
4,850 ~, 99 

i Mean 
i J~etin~tion.  

(Deg.). 

- -  1 " 0  

- -  4.7 
- - 4 ' 3  
- -  6 ' 5  

- -  4 " 0  

- -  3 " 5  

- -  7.0  
- - 8 " 7  

- -  4"0 
- - 5 " 7  
- -  6"3 

- -  2 " 5  

- -  9-3 
- -  9-7 

True ADglc 
of Yaw, t~ 

(Deg.). 

- -  4,46  
- -  3-95 
- -  4.12 
- -  2 ' 9 2  

+ 3.65 
+ 3.79 
+ 2 .58 
+ 2"55 

- 5-16 
- 5.52 
- 5 .20 

+ 4-22 
+ 4.73 
+ 5.40 

b~ 

D i a m e t e r  of T u r n i n g  Circle.  
* Turnh~g Coefficient . . . .  ~Lon--g~tiTof~Airship. 



Expt. 
No. 

TABLE 4 (contd.). 
T U R N I N G  T R I A L S ~ I L 2 9 B  ( W h o l e  of  f a b r i c  r e m o v e d  f r o m  u p p e r  f i x e d  fin).  

C a l c u l a t i o n  of  D i a m e t e r  o f  T u r n i n g  Ci rc le ,  &e. 

Angle of Rudders 
(Deg.). 

59 15 ° por t  ... 
60 15 ° , . . . .  
61 15 ° . . . . .  

62 15 ° s ta rboard  
63 15 ° ,, 
64 15 ° ,, 
65 15 ° ,, ° . .  

Engine Combinations. t 
Speed Rate of T u r n .  I 

- . . . .  V 
No. 1 ~o. 2 No. 3 Ft /see.  Rad./see. 

(r.p.m.). (r'p'm')" i (r'p'm [ I ") _ 

1,600 
1,400 
1,200 

1,600 
1,400 
1,200 
1,200 

1,700 1,600 
1,400 i 0 
1,200 0 

1,700 1,600 
1,400 1,400 
1,200 1 , ~ 0  
1,200 0 

65.7 
46-9 
37 .8  

0"0325 
0.0244 
0"0192 

69.0  0.0314 
59 .8  0.0285 
51 .8  0.0241 
38.3  0.0175 

Diameter of 
Turning Circle, 

* Turning 
Feet. Coefficient. 

4 , 0 5 0  7.51 
3,850 7.14 
3,940 7.31 

4,400 8.16 
4,200 7.79 
4,300 7.96 
4,380 8.13 

Mean 
Inclination. 

(Deg.). 

- -  6 " 3  

- - 10"0  
- - 8 " 7  

- - 4 " 3  
--  5 ' 5  
- -  5"4 
- -  8 " 2  

True Angle 
of Yaw, 

(Deg.). 

bO 

- -  6.71 
- -  6.32 
- -  6.40 

+ 5 .58 
+ 5.73 
-4- 5.57 
÷ 5.82 

Diameter of Turning Circle. 
* Turning Coefllcicnt 

Length of Air.~hip. 



T A ~ L ~  5 (see F ig .  5) .  

5 l E A N  D I A S I E T E R  O F  T U R N I N G  C I R C L E S .  

Rudder 
Angle 
(l)eg.) 

5 
10 
15 
19" 

5 
10 
15 
19" 

5 
10 
15 
19" 

Port. 

Turning 
Feet. + Coefficient +% 

I 

13,820 25"61 
8,270 15"32 
6,063 11 '25  

1)iameter of Turning Circle. 

Starboard. Mean of Port and Starboard. 

Tunfing 
Feet. Coefficient. 

• _ . . . .  ! . . . .  

] Turning 
Feet. I Coefficient ~. 

/ 

W i t h  or ig inM fin area .  R.29.  
14,540 2 6 . 9 2  14,180 

8,712 16 .15  8,491 
6,492 12 .04  6,278 

_ - -  5,350t 

i 26-3  
15"75 

! 11"64 
i 9"92I" 

Angle of Yaw. 

As Fraction of Mean of Port 
Value for R.29. and Starboard 

(Deg.). 

1 .00  1-7 
1 .00  2 . 8  
1 .00  3 . 8  
1 . 0 0  

10,325 19 .15  
6,583 12.21 
5,208 9 . 6 6  

6,860 
4,856 
3,947 

12.71 
9 . 0 0  
7 . 3 2  

W i t h  303 sq.  f t .  of  f ab r i c  r e m o v e d  f r o m  u p p e r  finl R.29a.  
11,225 20"80 10,775 19.98 

7,142 13.24 6,863 12 .73  
5,730 10-62 5,469 10 '14  

_ _  - -  4,850~ 9 .00~  

With whole of fabric removed from upper fin. R.29b. 
7,200 13-34 7,030 13.03 
5,217 9 . 6 6  5,036 9 .34  
4,320 8 .01  4,134 7 . 6 6  

__ - -  3,600~ 6 .67~ 

0 . 7 6  2 . 5  
0 .81  3 . 9  
0 . 8 7  4 . 8  
0 . 9 1  

0 . 5 0  
0 . 5 9  
0 . 6 6  
O. 67 

3 . 5  
5 . 0  
6 .1  

t ~  

* Approximate value for " hard over." ~ By extrapolation. 
Diameter of Turning Circle. 

.+ Turning coefficient = Length of Airahip. 



TARr~]~ 6. 

T U R N I N G  T R I A L S .  

C o m p a r i s o n  o f  14 .29  w i t , h  R . . 2 6  a~ ld  I 4 . 3 3 .  

Rudder  Angle. 

5 
10 
15 
19 t  

(Deg.). 

R.29. R.29A. 

With OriginM Fin 
Area. 

Feet. 

T o t a l  a r e a  o f  v e r t i c a l  s u r f a c e  (sq. f t . )  . . .  
A r e a  of  f ixed  v e r t i c a l  s u r f a c e  (sq. f t . )  . . .  
A r e a  of  r u d d e r s  (sq. f t . )  . . . . . .  

A r e a  of  r u d d e r s  
A~rea o-f t o t a l  v e r t i c a l  s u r f a c e  . . . . . .  
L e n g t h  (ft.) . . . . . . . . . . . .  
D i s p l a c e m e n t  of  h u l l  ( cub ic  f t . )  . . .  

Mean Diameter of Turning Circle. 

14,180 
8,491 
6,278 
5,350 

Turning 
Coefft,. 

2 6 . 3 0  
1 5 . 7 5  
1 1 . 6 4  

9 . 9 2  

1700"3  
1274"9 

425"4  

0"250  

539 
1"06 × 10 s 

* With 303 sq. ft. 
of Fabric removed 
from Upper Fin. 

Turning 
Feet. Coefft.$ 

10,775 19"98  
6,863 12"73  
5 ,469 10"14  
4 ,850 9 " 0 0  

1 3 9 7 . 3  
9 7 1 . 9  
4 2 5 . 4  

0 . 3 0 5  

539 
1 . 0 6  × 106 

R.29B. 

With "Whole of 
• Fabric removed 
from Upper Fin. 

Turning 
Feet. Coefft.~ 

7 ,030  13"03  
5 ,036 9 - 3 4  
4 ,134 7 " 6 6  
3 ,600 6"67  

1 0 6 8 . 8  
643"4  
4 2 5 . 4  

0 " 3 9 9  

539 
1"06  × 10 ~ 

R.26. 

Turning 
Feet. Coefft. ~: 

15 ,800 2 9 " 5 5  
9 ,400  1 7 . 5 8  
6 , 8 0 0 ; 1 2 " 7 0  

I 6 ,300  1 1 - 7 8  

1789 
1339 

450 

0 " 2 5 2  

535 
! 1 . 0 5  × 10 e 
! 

R.33. 

Turning 
Feet. Coefft.:~ 

7 ,340 11"40 
5 ,816 9"04  
4,738 7"35  
4 ,000 6 . 2 2  

1880 
1410 

470 

0 . 2 5 0  

644 
2 . 2  × 106 

G'I 

* 303 ~q. ft. ~ 0.41~ af upper fixed fin area. t Extrapolated, approximately tile max imum attainabh ~. 
I)iameter of Turning Circle. 

Turning Coefficient = , Leng tho f  Airship, 



CURVATURE OF PATH WITH 

TABLE 7 (see Fig. 6). 

RUDDERS AMIDSHIPS ON AT SMALL 

1~.29A AND 1~.29B. 

ANGLES, FOg 1¢.29, 

Expt.  
1N'o. 

66 

67 

68 
69 

Angle of Rudders 
(Deg.). 

A m i d s h i p s  

A m i d s h i p s  

A m i d s h i p s  
A m i d s h i p s  

. , °  

. , ,  

:No. 1 
(r.p.m.). 

1,400 

0 

1,400 
0 

70 A m k i s h i p s  . . .  1,400 

*U 1°S. ~_ 0 

72 ' * Do  . . . . . . .  0 

73 * D o  . . . . . . .  0 

Engine Combinations. 

NO. 2 
(r.p.m.). 

1,400 

1,200 

1,400 
1,000 

l~o. 3 
( r . p . m . ) .  

Speed 
V 

Ft/see. 

A i r s h i p  R.29 .  
1,400 i 6 7 . 5  

0 3 5 . 9  

A i r s h i p  R.29a .  
1,400 ! 61 .1  
1,000 3 4 . 6  

A i r s h i p  R .29b .  
1,400 

1,000 

1,000 

1,000 

1,400 

1,000 

1,000 

1,000 

64" 6 

37"2  

32" 3 

31 "9 

Rate of Turn.' 

Rad./see. 

0 . 00154  
port 

0 . 0 0 1 8 6  
port 

0 .00512  
s t a r b o a r d  

0 .00466  
s t a r b o a r d  
0 .00405  
s t a r b o a r d  
0 .00358  
s t a r b o a r d  

i Diameter of 
! Turning Circle. 

I 
i Feet. 1 ~ Turning 
i Coefficient. 

Mean True Angle 
Inclination. of Yaw, ~t 

(Deg.). (Deg.). 

87,700 162"5 - 3"0 - 0 . 4 6  

38,550 71"5 - 0 ' 5  -- 0 -22  

Inf .  Inf .  
Inf. Inf .  

25,300 46 .9  

15,950 29"6 

15,950 29-6  

17,800 33"0 

- 5 . 0  

- 6 - 5  

1 - 3 . 0  + 0 . 8 1  

- -  1 0 . 0  

- 1 0 . 0  

- -  1 0 " 0  

b~ 
b~ 

Diameter of Turning Circle. 
* E~timatod. "~ Turning Coeffioient Length of Airship. 
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TABLE 8. 

RESISTANCE COEFFICIENT CALCULATED FRO5[ 
DECELERATION EXPERISIENTS. 

1 dV Coefficient C* 
l dV E x p t .  No. V~ X dt V~ X dt 

7 5  2 . 3 0  × 1 0  -4 0 - 0 2 3 4  
7 6  2 . 1 6  X 10  -4 0 . 0 2 2 0  

M e a n  . . . . . . . . . . . . . . . . . . . . .  0 . 0 2 2 7  

* R = CpV2/~ 
I = vol. ~* = 101.9 ft .  

T A B L E  9 .  

FORWAgD SPEED F O g  VARIOUS ENGINE 
COMBINATIONS.--R.29. 

E x p t .  
No.  

78 
67 

103 
80 

"81 
*82 
*83 

84 
85 
86 
88 

*89 
74 

*90 
"91 
*92 
*96 
*97 
*98 

66 

Date .  

i" Eng ine  Speed  N ( r .p .m.) .  Speed  V (f~/see. ). 

No.  1. No.  2. No.  3. E x t r e m e s .  Memo. 

Sept .  15 1,400 1.400 
Sept .  15 1,400 11400 
Sept .  16 1,400 1,400 
Sept .  16 0 1,200 
Sept .  14 0 1,700 
Sept .  14 0 1,700 
Sept .  14 0 1,700 
Sepf.  16 1,400 O 
Sept .  16 1 2 0 0  L200  
Sepi .  15 1:200 1,200 
Sept  16 1,200 1,000 
Sept .  14 0 t ,400 
Sept .  16 0 1,200 
Sept  14 0 1,200 
S6pt  14 0 1,200 
Sep t  14 0 1,200 
Sep t  14 0 1,400 
Sept .  14 0 1,400 
Sept .  14 0 1,200 
Sept .  15 0 1,200 

1,400 70 '2-66-1  68 '6  
1,400 7 0 ' 2 - 6 2 ' 6  67 '5  
1,400 67"5-56 '8  65"6 
1,700 62"7-57 '5  60 '4  
1,200 - -  57 '9  
1,000 56"3 

800 52-3 
1,400 59"~-56 '0  57 '8  
1,200 57-7-55 '1  56-6 
1,200 57 .8-53 .0  56"5 
1,200 54"5-54"3 54 '4  
1,200 55 '4  
1,200 53'~--48'4 50"7 
1,200 50-5 
1,200 50.5 
1,200 45.6 

0 41.4 
0 39 '7  
0 38.0 
0 3 7 ' ~ - 3 4 ' 4  35"9 

I 
:No. .Meal1 l 
of Inc l ina-  ] R,-.,uark~. 

Obs.  t i om I 
S/efed (Deg.) 

7 - -  0"7 [ ' i 'No.  I = 
9 - -  3 '0 ' F o r w a r d  

10 - -  Eng ine .  
12 - -  0.7 NO. 2 = 

- -  Amidsh ips  
- -  E/tgine.  

1 N o .  3 = 
2 - -  0.5 Aftor  

- -  0 '3  En~in,. .  
_ 0. 4 

34 
1 - -  

1 - 
I 
1 

I6 

* O b s e r v a t i o n s  f rom L t .  Has l e r .  
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TABLE 9 A ,  

FORWA[LD SPEED FOR VARIOUS 
COMBINATIONS.--R.  29A. 

ENGINE 

J"xpt. 

77 
79 
69 
$7 
,q 3 
',}4 
95 
6q 

Da te .  

( ) e t .  7 
()ct. 7 
()ft. 7 
()et. 7 
Oct. 7 
( ) e t .  7 
Oct. 7 

i Oct. 7 

* l,]n~zi~w, S p e e d  N .  
(r.p.m.) 

[. i 
No. No. 2. No. 3. 

I, 6(}0 
1,400 
1 , 4 0 0  
1 , 2 0 0  
1 , 2 0 0  
1,006 

800 
1 , 0 0 0  

1,700 ] ,700 
1,400 1,40e 
1,40(} ] ,400 
1 200 1,200 

0 1 , 2 0 0  
l ,O00  1,000 

8OO 800 
0 l.OOO I 

Spee(l V (ft/see.).  N~. Mean 
._ Obs. inelina- 

of [ t ion 
Ext remes .  Mean.! Speed. (deg.). 

77.O-72-9 75.9 
65.8-61 "5 64.2 
63.6-53.6 i 61.1 
54.8-49.2 ! 53"1 
44.7-42.0 I 43-8 
45.1-39.8 [ 43-5 
4 0 . 7 - 3 5 . 9  38-5 
36-7-32.2 ' 34.6 

8 + 3.5 
6 --  2.2 

12 -- 5.0 
q - -  3.6 
7 --  3"6 
6 --  3"0 

-- 5'0 
2 -- 6'5 

Remarks .  

* No. 1 = 
Fo rward  
Engine .  
No. 2 =  
Amidship~ 
Engine .  
No. 3 =  
After  
Engitm. 

T A B L E  9 B .  

FORWARD SPEED FOR VARIOUS ENGINE 
COMBINATIONS.--R.29B. 

. . . . . . . . . . .  ~ . . . . . . . . . . . . . .  J . . . . . . . . . . . . . . . . . . . . . .  7o ! Oct.!} I 400 i 140f}l 1 4 ( 0 ,  , , (;8-1 ( ) .7  . 64.6 .13 ~ -- 30. [ 
72-73 ~)('t. 9 i q} j ],001i 1,()}}() ' :~4-8-3(}.8 I 32'2 22 i --10-0 i 

T A B L E  10 .  

FORWAI~D SPEED FOR VARIOUS ENGINE 
CO1V[BINATIONS.--R.29. 

( E n g i n e s  r u n n i n g  a t  ~ l i k e  s p e e d . )  

Exp t .  
No. 

1 
5 

78 
67 

103 
85  
86  

74  
90  
91 
92  

96  
97  
98  
66  

En_~ine Speed N (r.p.m.). Mean i [ No. of Mesa  
_ F o r w a r d  V* Incl ino- observa-  V* 

I Speed V -N meter  t ions of 
I No. l . ]  No. 2. I No- 'L (ft/see.).  i (deg')" Speed. N 

' ] , 6 5 0  1 ,600  11 ,700  1 
] , 6 0 0  1 ,600  1 1 , 7 0 0  
1 , 4 0 0  1 , 4 0 0 ! 1 , 4 0 0 1  

~ ] , 4 0 0  1 ,400  ! 1 , 4 0 0  
1 ,400  ] , 4 0 0  i l , 4 0 0  

1 , 2 0 0  1 ,200  1 ,200  
1 , 2 0 0  1 , 2 0 0  1 ,200  

0 1 , 2 0 0  1 ,200  
0 1 , 2 0 0  1 ,200  
0 j l , 2 0 0  1 , 2 0 0  
0 1 , 2 0 0  1 ,200  

0 1 , 4 0 0 !  0 
0 1 ,400  ! 0 
0 1 ,200  0 
0 1 , 2 0 0 ~  0 

I i 

! 

7 9 . 2 ~  0 . 0 4 8 0  0 
7 7 . 5 ~  0 . 0 4 7 5  - -  
6 8 - 6  0 ' 0 4 9 0  I - -  0 . 7 5  
6 7 - 5  0 . 0 4 8 2  ! - -  3 . 0  
6 5 . 6  0 . 0 4 6 9  

i 

5 6 . 6  0 . 0 4 7 1  - - - O ' 3  
5 6 - 5  0 . 0 4 7 0  - -  2 . 4  

5 0 . 7  0 - 0 4 2 3  - -  
5 0 . 5  0 - 0 4 2 1  - -  
5 0 . 5  0 - 0 4 2 1  - -  
4 5 . 6  i 0 - 0 3 8 1  - -  

4 1 . 4  i 0 . 0 2 9 6  - -  
3 9 - 7  0 . 0 2 8 4  - -  
3 8 . 0  0 - 0 3 1 7  - -  
3 5 . 9  d 0 . 0 2 9 9  - -  1"0 

15 
16 

7 
9 

10 
3 
6 

34  
L ! 

1 , 

1 

1 
16 ] 

0-  04:79 

0 . 0 4 2 2  

0 " 0 2 9 9  

~" del]otes r.p.ln, of those engines  rHnnillg. 
"? {)hlained dur ing turnhtg  t r ia l  wi th  rudde r  a t  5 ~ (see T~,ble 21, 
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TABLE l l (see Fig. S). 

FOI~WARD SPEED W I T H  E N G I N E S  R U N N I N G  AT 

D I F F E R E N T  R O T A T I O N A L  S P E E D S .  

No. of 
Original 
Experi. 
ment. 

80 
74 
90 
91 
92 
89 
81 
82 
83 
98 
66 
96 
97 

Engine Speed N (r.p.m.). 

No. 1. No. 2. No. 3. 

0 
0 
0 
0 
0 
0 

0 

o o 

(fc/see.). 

1,400 1,982 70" 5 
1,400 1,400 59" 1 
1,400 1,400 ] 5s .9 
1,4oo 1,4oo [ 58.9 
1,400 1,400 I 53.3 
1,400" 1,200" I 55"4* 
1,'400 985 47" 7 

825 46 .4  1,400 i 
1,400 / 660 43.1- 
1,400 I 0 44 .3  
1,,400] 0 41.9  
1,400*j 0 41 "4* 
1,400" 0 39"7* 

No. of i Observa- 
tions of Remarks. 
Speed. 

i 
12 I ' T h e s e  values are  
34 

I 
1 
1 
1 
1 
1 
1 
1 

1 

original observa-  
tions. 
The  remaining 
values  are calcu- 
la ted  on the  prin- 
ciple explained in 
the  tex t .  (See 
p. 206.) 
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T A B L E  12 ( s ee  F i g s .  9 a n d  10).  

M E A S U R E M E N T S  O F  P R E S S U R E  D I F F E I 4 E N C E  

AT AMIDSHIPS AII~SCREW. 
alculat, mn of Thrust Coefficient (T,) from original obserwfioi~s 

ExpL No. 100. 
. . . .  Pressure t 1%adius ~ veloctty ' --. / ~= - -  "--t I Difference l r [ ~eaa  ~pv . , , rid T'* 

(inS.) '(i.s.of wator), t (in~ .~os f-wPalt~e r >. [ i 

• ' 1 i : 0 8  ~ - '  0 : 6 8 5  0 : 0 0 6  ~ 0 ' 0 i 2 0 - E n g i n e s "  
2 1 .00  t - -  0 . 6 8 5  0 . 0 1 2  - -  0.02581 No .  1 = 1 , 2 0 0 r . p . m .  
5 0 .955  ~ - -  0 . 5 0 0  0 .031  - -  0.05101 N o . g =  1 , 2 0 0 r . p . m .  
8 1-035 i - -  0 . 5 7 5  0 ,049  - -  0"08551 No.  3 =  1 , 2 0 0 r . p . m .  

11 1-035 - -  0 -525  0 . 0 6 8  - -  0 -108  D = 1 3 . 5 f ~ .  
14 1 .035  - -  0 -455  0 . 0 8 6  - -  0 .119  p -  0 . 0023o  
14 
17 
20 
23 
23 
26 
29 
32 
32 
35 
38 
41 
44 
44 
47 
47 
47 
47 
47 
47 
5O 
53 
56 
59 
62 
65 
66 
66 
66 
66 
67 
68 
68 
69 
69 
70 
71 
71 
72 
73 
73 
74 
75 
81 
87 
93 

100 

0 . 9 5 5  
0 . 9 7 5  
1. 005 
0 .975  
0 . 9 5 5  
0 .975  
0-955  
0 .897  
1.01 
0.87O 
0. 920 
0. 940 
0 .915  
0 .975  
0. 940 
O- 890 
O. 890 
O. 900 
1- 035 
1 .000  
0 . 9 5 5  
1. 005 
1. 005 
0. 990 
0 . 9 9 0  
0 . 9 9 0  
0 .940  
0 .87  
0 .975  
0-975  
0 .975  
0 . 9 7 5  
0 .955  
0 .975  
1-00 
0-975  
0 .975  
1-01 
0 .975  
0 . 9 8  
0"92  
1- 00 
0 -955  
O" 990 
0 '  955 
1 "00 
0"955 

- -  0 . 410  
- -  0. 300 

0. 235 
- -  0 .  145 
- -  0. 075 
- -  0- 050 
+ 0- 085 
+ 0" 335 
=t- 0.  145 
+ 0" 5045 
+ 0. 685 
+ 0. 745 
+ 0" 845 
+ 0"710 
+ 0. 805 

0- 775 
+ 0" 875 
+ O. 800 
~- 0 . 7 1 0  

+ 0" 745 
-~= 0" 805 
' -  0" 775 
-1- 0. 790 
!- 0- 795 

+ 0" 645 
+ 0" 335 

0" 335 
!-  0"265 

0" 370 
0" 235 
0 -10  

- -  1.30  
+ 0 .75  
- -  0 '  055 
- -  0 "  145 
- -  0"145 
- -  O- 455 
- -  0. 475 
- -  0" 775 
- -  1.00  
- -  0" 775 
- -  1.04  
- -  1 . 0 8  

- -  1 . 1 2  

- -  1 . 0 4  

- -  1 . 0 8  

- -  1 " 0 4  

0 ,086  
0. 105 
0. 123 o:142 

142 
0. 161 
0. 179 
0. 198 
0. 198 
0 . 2 1 6  
0-235  
0 .253  
0 . 2 7 2  
0 . 2 7 2  
0 . 2 9 0  
0- 290 
0. 290 
0- 290 
0- 290 
0. 290 
0. 309 
0. 327 

Oo:346 
364 

0 .383  
0 - 4 0 I  
0 .407  
0- 407 
0- 407 
0-407 
0 -414  
0. 420 
0 .420  
0. 426 
0 .426  
0-432  
0 -438  
0 .438  
0 .444  
0 .451  
0 . 4 5 l  
0-457 
0- 463 
0. 500 
0. 537 
0 -575  
0-618  

- -  0 . 1 1 6  

- -  0 . 1 0 1  

- -  0. 009 
- -  0 . 0 6 6  
- -  0- 035 
- -  0. 026 
5- 0. O5O 
-[- 0. 232 
+ 0. 089 
-{- 0- 393 
+ 0- 550 
-[- 0. 630 
+ 0- 790 
+ 0. 622 
+ 0. 780 
+ 0. 793 
+ 0. 895 
+ 0 . 8 1 0  
+ 0. 625 
+ 0" 679 
+ 0 .819  
+ 0.  792 
+ 0. 854 
+ 0 .918  
+ 0" 784 
-~- 0" 426 
~- 0. 456 
+ 0" 389 
+ 0. 485 
+ 0" 308 
+ O" 133 
- -  0 .176  
- -  O" 104 
- -  0" 076 
- -  0 "  194 
- -  0" 202 
- -  0" 642 
- -  0. 646 
- -  1 -  109 
- -  1-444 
- -  1 -  194 
- -  1-495 
- -  1-647 
- -  1 .775 
- -  1. 839 
- -  1- 950 
- -  2 "  112 

N = 12 .8  r e v s / s e c .  
V = 65- 5 i t / s e c .  

D = 0 .38 .  

T c = 0 .041 .  

T c (model)  = 0"39.  

= ~pV '~ × ~ D  
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TABLE 12  (contd.). 
MEASUI-CEMENTS OF PI~ESSUI~E D I F F E R E N C E  AT 

AMIDSHIPS AII%SCI~EW (contd.). 
Calcule~tion of Thrust Coefficient (T~) from original observations. 

E x p t .  N o .  1 0 1 .  

~ • -_ I P r e s s u r e  
R a d i u s  v e J o e l v y  • i 

He~-- -- { Difference 
ct .4~V-* I r i d  T ' *  

- -  1 

2 
5 
8 

l l  
14 
17 
20 
20 
23 
23 
26 
26 
29 
32 
33 
35 
38 
41 
44 
47 
50  
59 
53 
56 
59 
62 
63 
66 

0"965  
0 " 9 9 5  
0 . 9 9 5  
0 " 9 6 5  
0 " 9 6 5  
1 -02  
0 . 9 6 5  
0 . 9 6 5  
1 - 0 0 5  
1 . 0 3 5  
0 . 9 8 5  
1 . 0 3 5  
0 . 9 8 5  
1 . 0 3 5  
1 . 0 5 5  
1 . 0 6  
0 . 9 9 5  
1 . 0 0  
0 . 9 9 5  
1 . 0 2  
1 . 0 5 5  
0 - 9 8  
1 . 0 7  
1 , 0 4 5  
1 .01  
1 . 0 1  
1 . 0 5 5  
0 . 9 8  
1 . 0 0  

66 1"00  
67 1 . 0 3 5  
68 1 . 0 3 5  
69 1 .035 ,  

69 1 . 0 8 5  

69 1 . 0 3 5  
70 1 - 0 5 5  
70 1 . 0 3 5  
70 0 - 9 9 5  

71 0 . 9 8 5  

72 0 . 9 8 5  
73 1 . 0 3 5  
74 1 . 0 0 5  
81 0 . 9 5  
89 0 . 9 9 5  

]00  0 . 9 6 5  

- -  0 . 6 0 5  
- -  0 . 5 7 5  
- -  0 , 5 5 0  
- -  0 . 5 2 5  
- -  0 . 4 3 0  
- -  0 . 2 6 5  
- -  0 , 0 9 5  
+ 0 . 0 2 5  

0 . 0 0  
÷ 0 . 0 6 0  
+ 0 . 0 7 5  
+ 0 . 2 3 5  
q- 0 . 2 2  
+ 0 . 3 3 5  
+ 0 , 5 2 5  
÷ 0 . 6 5 5  
,+ 0 , 8 0 5  
+ 1 . 0 4  
-/- 1 . 1 2  
@ 1 . 1 5 5  
q- 1 . 2 0  
+ 1 . 2 3 5  
+ 1 . 2 0  
+ 1 . 2 2  
-t- 1 . 2 3 5  
+ 1 . 1 5 5  
+ 1 . 0 8  
+ 0 . 6 0 5  
+ 0 - 5 0 0  
t o  0 . 5 5 0  
+ 0 - 5 0 0  
+ 0 - 4 7 5  
+ 0 - 1 4 5  

0"00  
t o + 0 . 2 6 5  

- -  0 " 0 3  
t o - - 0 . 1 ~ 0  

- -  0 . 2 2 5  
- -  0 . 3 8 5  
- -  0 . 4 0 5 :  
- -  0 . 2 3 5  

t o - - 0 - 5 4 5  
- -  0 , 6 0 5  

t o - - 0 . 7 1 5  
- -  0 , 8 0 5  
- -  0 . 8 8 0  
- -  1 . 0 8  
- -  1 . 0 8  

- -  1 . 0 8  

- -  I ' 0 4  

0 . 0 0 6  
0 . 0 1 2  
0 - 0 3 1  
0 " 0 4 9  
0 . 0 6 8  
0 . 0 8 6  
0 . 1 0 5  
0 ' 1 2 3  
0 , 1 4 2  
0 . 1 4 2  
0 . 1 4 2  
0 , 1 6 1  
0 , 1 6 1  
0 . 1 7 9  
0 - 1 9 8  
0 . 2 0 4  
0 - 2 1 6  
0 . 2 3 5  
0 - 2 5 3  
0 . 2 7 2  
0 . 2 9 0  
0 . 3 0 9  
0 . 3 0 9  
0 . 3 2 7  
0 . 3 4 6  
0 . 3 6 4  
0 , 3 8 3  
0 - 4 0 1  
0 . 4 0 7  

0 , 4 0 7  
0 , 4 1 4  
0 - 4 2 0  
0 . 4 2 6  

0 " 4 2 6  

0 " 4 2 6  
0 , 4 3 2  
0 . 4 3 2  
0 ' 4 3 2  

0 . 4 3 8  

0 " 4 4 4  
0"451  
0 " 4 5 7  
0 " 5 0 0  
0 " 5 4 9  
0 " 6 1 8  

- -  0"01181 E n g i n e s - -  
- -  0.02191 No .  1 = 1 , 2 0 0 r . p . m .  
- -  0 . 0 5 3 7  No .  2 = 1 , 4 0 0 r . p . m .  
- -  0 . 0 8 3 6  No .  3 = 1 , 2 0 0 r . p . m .  
- -  0"09531 D = 1 3 . 5  i t .  
- -  0.07011 p = 0 . 0 0 2 2 7 .  
- -  0 .0325i  n = 14 -9  r e v s / s e c .  
+ 0.00991 V = 68 -1  f t / s e c .  
+ 0.02581 v 
+ 0 " 0 3 4 0  n D  = 0 " 3 4 "  

0 . 0 0  T c = 0 ,  12. 
0 .  115 
0 . 1 1 3  T e (model )  = 0 . 5 4 ,  

J-  0 . 1 8 2  
-+- O. 308 
+ O- 394 
-? O- 550 

O. 770 
+ O- 892 
+ O. 965  
+ 1 . 0 3  
+ 1 . 2 2  
+ 1 . 0 9  
+ 1 . 4 6  
+ 1 -32  
+ 1 . 3 0  
+ 1 . 2 3  
-}- O. 775 

O. 675 

+ 0 . 6 4 0  
÷ 0 , 6 0  
+ 0 - 1 7 2  
+ 0 . 1 7 2  

- -  0 .  1 2 3  

- -  0 . 2 9 2  
- -  0 . 4 9 3  
- -  0 " 5 3 0  
- -  0 " 5 3 0  

- -  0 , 9 2 0  

- -  1 - 1 4  

- -  1 . 2 1  

- -  1 . 5 5  

1 " 7 8  

- -  1 " 8 6  

- -  2 " 1 0  

* T "  =. P ~ X ~  D 
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T A B L E  12 (contd.). 
MEASUgEMENTS OF P g E S S U g E  D I F F E g E N C E  AT 

AMIDSHIPS A I g S C g E W  (contd.). 
Calculation of Thrust 6'oefiicient (T¢) from originM observations. 

Expt:. No. 102. 

F, adius 
t- 

(ins,) 

- -  1 

- -  1 

2 
5 
8 

11 
14 
17 
19 
20 
23 
23 
26 
29 
29 
32 
35 
36 
38 
41 
44 
44 
47 
47 
50 
50 
53 
56 
59 
62 
65 
67 
68 
68 
69 
69 
69 
7O 
70 
71 
71 
71 
71 
72 
73 
73 
74 
75 
81 

I00  
100 

• - ] ' r~ss i i re  ' - " i  . . . . . . . . .  
! V ( ! l o (  l i y  r T~.  G ~ r e l , _ , ,  ( 

JAe, ad ~,~, " , , r ~1) T ' *  
I . " { t P ~ - - P t ) .  ' 

• (I LS. ol we.t, er)., I 

0 -65  -- 0 .455  0 ' 0 0 6 1  - -  0.01321 E n g i t l e s - -  
0 .635  - -  0 -410  0 ,006  i _ 0.0122! No.  1 = s t o p p e d .  
0 .600  ~, --  0 . 335  0 .012  i ' - -  0,0210! No.  2 =  1 2 0 ( ) r p m ,  
0 .665  : - -  0 -350  0 . 0 3 1  - -  0.0512! No,  3 =  1,709 r p m ,  
0 .665  -- 0"385 0 .049  ] --- 0"089 li D = 13"5 ft, 
0.  700 
0 '  690 
0" 675 
0 .665  
0 -65  
0. 675 
0. 705 
0. 635 
0. 705 
0. 700 
0 .755  
0 .68  
0 .67  
0" 665 
0- 67 
0" 645 
0. 665 
0. 645 
0 .585  
0 .575  
0 -690  
0- 615 
0-610  
0- 595 
0 , 6 0 0  
0 .675  
0- 600 
0. 615 
0. 685 
0. 705 
0- 620 
0 ,600  
0. 625 
0. 600 
0- 705 
O. 705 
0. 655 
0- 620 
0. 655 
0. 690 
0" 625 
0 ,625  
0 .65  
0 '  645 
0- 720 
0 .65  

r i . 

i 

L 

+ 
+ 
+ 
+ 
+ 

4- 
+ 
+ 
+ 
+ 

+ 

_L 
+ 
+ 
-Jy 

+ 
+ 

-F 

0- 285 
0 , 1 9 5  
0- 055 
0 . 0 1 0  
0. 025 
0. 130 
0 .115  
0. 235 
0. 300 
0. 285 
0 .775  
0 .615  
0. 655 
0 . 7 6  
0 . 8 6  
1 ,55  
0 . 8 8  
1 . 0 0  

1 .00  
1 . 0 0  

0-92  
0-985  
1-00 
1-00 

0. 805 
0 .35  
0. 145 
0 .235  
0 .55  
0 .27  
0 . 0 0  
0 . 0 0  
0" 225 
0- 100 
0. 300 
O, 365 
O. 170 
0-235  
O. 22O 
0 .475  
0- 575 
0- 715 
0 ,745  
0 ,715  
0-805 
0 . 7 1 5  

0. 068 
0-086  
0 '  105 
0 ,117  
0. 123 
0" 142 
0" 142 
0 .161 
0" 179 
0-179  
O' 198 
0 ' 2 1 6  
O' 222 
0 .235  
O" 253 
0"272 
0 .272  
0"290 
O' 290 
0" 309 
0" 309 
0. 327 
0-346  
0 ,364  
0. 383 
0-401 
0 .414  
0. 420 
0. 420 
0. 426 
0. 426 
0. 426 
0. 432 
0. 432 
0 . 4 3 8  
0 .438  
0. 438 
0 ,438  
0 .444  
0 .451 
0. 451 
0 .457  
0-463  
0. 500 
0 ,618  
0-618  

+ 

-F 
-.}- 

+ 
+ 

+ 
+ 
+ 
4- 
+ 
+ 
+ 
J_ 

4- 
+ 
+ 
+ 
+ 

+ 

0.[)87 i ~ = 0 ,00229.  
0.07641 n = 12-8 r e v s / s e c ,  
0. 0268 V 53-6  f t / see ,  
0- 0055 ~ V 
0.01491 , , 5  = 0 .3 .  
0 .086  T¢ = 0 .20 .  
0. 073 
0. 187 T¢ ( modeb  = 9"65,  
0 -239  
0. 229 
0. 638 
0 .614  
0- 681 
0"844 
1" 02 
2 . 0 5  
1 .13  
1.41 
1 - 5 6  

1 .69  
1 "29 
1 .64 
1-78 
1 .92 
1.61 
O. 654 
0 .314  
0 .503  
1-06 
0-512  
0 . 0 0  
0 , 0 0  
0 , 4 8 9  
0. 226 
0 .585  
0 .71  
0-357 
0. 521 
0 .467  
0 ,975  
1 .30  
1 .64 
1 • 66 
1-74 
2 .17  
2 .13  



~ r - 1 1 ~ - - - - - - ~  - ~ .  ~ -~ .  i . ,  , ~ ~ - .  ~ . - . . .  i i s i I I, I, i ,  , Q 

~ ~ . ~  . i . i i I S ~ i I ii ,~_-----.., 
! ! ~ ~ X " - - i - - - -  ~o~'I- .:~ : _ I _ _  ~ i 1 , - F ~ / . . - . 7  

• , _  ~ ~ , . . . . .  / ' ~ , ,  ! ~ - - ~  l ' I ~ [ .  tj ~ ~  

Pa~dVion ~ ~o fl!linoA.l-s~,.~ 

p 

i • 

5K.~t-c-~ oP U, os:~P Vcrt,,c_a! Fin. 



R,,~ M. ~7A 

, .  ~ ~  

\ .  
i 

.E.blD ~VIEW, 
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R.& M. 6xE 
i:'i¢~. 4.  

EXPERIMENTS ON RIGID AIRSHIP R. 29. 
VARIATION OF D / A M E T ~  OF TURNING CIRCLE wrrH 

,SPEED FOR CONSTANT RUDDER AIVSI_ES. 

~r~ 

er.} 

4 0  O0 t:fO 



R. ~ /vL 6 75 
~ .  5. 

~_,XPEI~IMEIVT5 oN J~IG/D AIf~51-11P ~ .29  
~_.4RIATION OF MEAN TURNING COEFFICIENT WITH RUDDER ANGLE. 

4 

% 

~bd. 

5 1 ~  l _L J 
o s /o /5 

Angle OF Rudders (d~r~)_~ 

O. ~o3/F;7. Io/zo. c, a,, R. L~.=Z59 



R..~ NI. 675. 

EXPERIMENT5 o/v RIGID AIRS/41P t~. 29. ~o.5~ 

-~ -~ i~ \  F~. 29 ~TEERIN~ A COUf~3E. Ex/c~. No. 7~. 
° 5undia/. 

~\ ~°udder arnidshi~. Anal¢ oF Ruddcr~. (MEAN 3PEED 50"7FT/5£C.) ~ For~t. Car Com~5~ 
J fber Car CO#'ncOa~s. . ~-5" 

T I t  I ! ~ J i i / i ~ ~ T ~, i ' . ~ , ,  
.~#'n¢ (Minu¢'¢~). 

Cour-~¢. 

I1 t~. ~ "  "TE'EI211V~ A . ~ ,  OUI2~E. tf,~.~</~. 668,,,)~ii~I ExXptT No. 59c~. 

i 0 / Z ~ 4 6 7 a ~ /0 I I  -J~m,~ (MI#TLI~5~_ 17 /8 /9 20 21 2~ 25 24 25 



} 

_~.& 34.675 

R.29. Rudder~ C/ompecl Am/de R. 2~. ,4. Rudders Ctomped ,4mid, s,#/~s, 
5 0  ' . . . .  - - ~  :. . - -  ~ . . . . . . . . . . . . . . . . . . . .  

0 I Z 5 "~ 5 0  I 2 5 . 4  

Tab/~ 1 Z 

5; 6 7 8 9 I 0  l /  1 2  I$  

~me (Minutes) 

,~. 29. Rudd~,rs Clon~ped Ami#gh/l~ .. " 

0 I 2 $ 4 5- 6 7 

ZTme (Minutes). 

• ~ R. 2~.A. ,~UddeFS C/~mped~rnio~: 

Q 0 I 2 .,~ 4 5 6 
77me (M~u'Se~.). 

0 " 
0 

Exp 

i 

"N9 7/. i ~ _ _ ~ e e d  5~ 9 ft/se,'. 

~,~,. LZ'o'~,~ o , 

I0 

i~ ,R. Zg.B. Euc/der~s Clamped Amids: 
--'--~-- 0 : ' - I i 

E~.~ ~o. i W ~ 

ol____L___ .... I 
o I 2 5 4 5 6 

~(_me (Min.ubes)_. 

7 8 9 

~me (Minutes). 
I 1  1 2  / 3  1 4  / 5  

5z.~ rt, 
o.oo+ 

1i 

~; 4 S 6 

COMPACzAS COUR6E. 

~od/n9~ oF 6und/Ql. 

" " Ma~ter Compo~ss. 
Q 

® 

~XPER/MEN76 oN RJG/O AIRSHIp R 29 
~LIODER5 ~MIDSHIP5 c~z Ar  ~MJqLL /]NGLF_~. 
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EXPEt~IMENT.5 oN RIGID AIRSHIP R. 29. 
DECELERAT/O/V TRIAL& 

0~ ~ . J  '''°~ oo 

~" . .,~ /.* 

- o15 .  ~,~.I0 

~ ~  ~ ~ 6 . . ~  ° -  

J ~ ' ~ ' ' "  ~ Thl,~ curve I~ ~3een dep~r_~d 50 ,~ ~ on 

50 

b.he t/n,~ ~ For ~ aolY~ oF deaJ'ne~. 

/co /50 ~oo 25O 



R.~ M 675 
FIG. & 

(J~ Table ! !.,) 

EXPE/2/MENT6 oN RIGID AIRSHIP/~. 2.9. 

PREDICT/ON OF EORWARD SPEED 

FOR, 

VARIOUS "~NGINF_ COMBINATIONS. 

~ 7 

~NG,NE J P E E ~  C~ p.m.,) 
N o- L lvo-a. /Yq3. 

._Stopl~d 1400 ~rE,'n 9 
x D;r~t olD~,tTbb~5. 

Colcu/ated value~. 

1000 1500 
Ro~bo,~o/ 51~cd of Engine N9 5 .(~.P. M) 
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n 
t,  

F 

hO 

_,.ol 
0 

EXPERIMENT~ oN [~iGID ~IR,_%i-IIP ,~. Zg. 
MF_ASU~,~MT~ OF P~3SUR~ D/FFF-R~MCE AT /~4/DSH/PS A/R~CR~W. 

E~pb /W- /oo. 
~II Er~ir~.~ 1200 R.P.M. e ® /riginol o~ ~t[ons of p ~u~ ~'ff~r~ 

nD 

Full SC, O/e VOIU~ OF Tc~O~ 

° ! .~ 
: L "lu~of[T' 
Cure for '/ob~n~b'om. ~ 

Radiu~ in t~rn~ Of ~ ax. diarne.~r~ 
0.1 O'Z 0"5 0.'t 0"5 ® 

® 



-0.5 

- -  I.OL 
0 

EXPERIMENT5 oN t~/GID AIRSHIP t~. 29, 

, ~ l z .  h ie/02.  
Enctin¢~ (r .p rn.) 

A~. I. IV9- 2. A~- ~. 
0 1200 1700 

~ 0  = 0 . 5 1  

Full ~ volu¢ oF ~ - 0 . . ~  
Modd • 7~ - 0.65 

diFFerer~c~, 

~: T' 

0./ 

Radius in 
0.~ 0.5 

of" mOP;. 

® 
® 

3"0 

d 

2.0 

r-O 
:,< 

II ~._ I ° 

0.5"  0 "6  L~ " 



g.,~M. 675. 

~ X P E I ~ I M E N  7-5 

~ e s .  I I M Z  

. ; 

DI~TRIBUTIOIV OF ,SPEE-O BELOW FOAtW/IRD CA~. 

~e.fl. 

Len '~h oF Tubing ~o Flqinq He~ (~eet). 

e 

5O ° 

~S, PEED BEHIND AMIDSHIPS ~ADIATOR, 
f i e . 1 2 .  

• (S*,,, 7~z.z, 15.) " 
Di~bance From P.odia~_or ~o Hnemome~er Head - - ~  

7,; aboub 5 feet. • ,, ..~ . . . . . . . . . . .  

~,7, 40- -.-~. .,,,/ .K~ ~ ~ "~=.~:~ ~ 
• . A ~ " ' , , ~ '  ' " % ~ 1 " - /  - v v  ~ .  

~ 
= (5~ le  ~,F ,, ,,;;,.,~.~, 

~in con~=t ~ith 
~ _ _ ~ - - { u r ~ e r  dO ; oF HulL 

t '2oZ,/:I'-'T. Io/~o. 
/0 

D ~ a ~  ot: [. ~itob ~ ,  o~ En~.lopd (inches). 
I 

20 50 
I 

C & R. LTp ~.$9 



R~ /V/. 675. F~e. 15, 

EXPERIMENT~ oN RIGID AIRSHIP R. 29. 
R. 29 (ORIO/NAL F~IvS,)o 

7"URN//~G TRIALS. 

RuoDE~,5 CLAMP~O AFT 
AT 5 ° PORT. 

Obscr'vaCion6. 

RVoO~.~ 5 °POre'. 
ExpC.. ~_ Meqn S, o~d. , ~  S/qo~. 

" 0 " O / 0 8  
2 57,6 0"00~909 
,5 4~" 7 0"00609 p'/ 
4 ~'7.0 O" 00596 / 
• 5ut~lfal. ~ e 

0 
0 / z 5 4 5 6 

77me (Minube~). 

+ / ~'ro~5 c/eno~ 
I~ 3r'bh F e i n t .  

8 

.~.~o~./,=., ,o/~o. 
r Z 7 $ . & } J l .  

C & R . L ~  ZS~ 



R.,~ M. 575:. 

~Go 14. 

EXPER/MIENTG oN R/ G/D AIR, SHIP ~E~.29. 

0 I 

0 

~. 2.9. (OR~HVAL ,~NS). 
TURNING T R I A L S .  

/?UDDERS CL,~P~o AFT 
A T  ] 0  ° PORT. 

Obscrvat/bna 

J~UODER5 /O° PoRT. 

.9 78.5 o.o/8"J 
I0 ,5"7" 6 0"0141~ 
I !  ,'I.8.8 0.01115 
/2. 35"6 0.0O879 

, ~unc/ia/. , 
o Master  C ~  

..----,.,,----Y i 

r / 

i 

u ,  i'// 
/-! 

Z ° . 

2 3 ÷ S ~ 

~ e  ( ~ ) .  

/ ® 

/ 
/ 

/ /  
, , j  

I 

d¢.r~ol:... Norl;I ~ :~oinl:: 

7 8 9 



_~__M67E. ~_,XPERIMENT5 oN RIGID AIR5HIp,I~.~..,q.. 

RVooF-R~ /S ° PO~T..~ 

(rt/,~ec.) (rad~p 
/7 74.9 0-0242 
/8  5 4 - 6  0 " 0 1 7 8  
19 .~1 "6 0 .010~  

• J u n d l b l .  

s A f t  C a r  Compaaa. 

o I Z .5 4 5 6 7 8 9 



t~.m M. 675~ 
FTG, 16. 

EXPERIMENT3 ON RIGID AIRSHIP R. 2.9. 

IOC 

R.?.9(A).-- (UPP~ f~XEO FuV AR~ REOUC~O SY 505 s#.wr.) 
TURNING T R / A I . . 5 -  

RUDDEr,S CLAMPED AFT 
A'r 5" PORT.. 

Ob~,er'vabion,s. 

RUDDEP-,5 5°t:~RT. ] 

-~-  e/~ee. ~ 1  
25 75"5 0"0140 ] 
24 6,5"0 0"012.5 ] 
25 b'z.6 
26 .~,6"0 
o Sundial 

- ® Ma,~teF Con 

/ 

i 

I 

t _  

w 

/ 

2 4 S 

77me ( M i n u ~ ) .  



I~.~ M. 675, 
RG. 17. 

EXPERIMENT3 oN RIGID AIRSHIP R. Z g. 
~.Zg(A ).--(UPPF__~ f /xcO ~M R~?EA REOUC, CD BY 5 0 3  3Q. F'7: ) 

40¢ 

0 

T'IJR/V/NG TRIALS. 
/~UDDEJ~,S CLAMPED AFT" AT/O°PoRT. 

RUDDE,~,5 I0 °PORT. I 

ExptNo_ (,*t/see.) Crc~ion~ 

I 2 ~ 4 

77me (Minute~). 

i7- . 
! 

/ 
. . . . . . . . . . . . .  - - - 4 - - - - - - - -  

cent~6e 
h poinCs, 

5 6 7 

~-,~" R, I--~. ° 9.59. 



R.~ M. 675. 

EXPERIMENT,5 oN RZGID AIRSHIP ~29 
fiG. 18, 

R 29(A)-"OJPPER FIXED ~ N  A R ~  REDUCED BY ~ 0 5  ~ .FT. . )  

4~ 

fOC 

0 
0 

T U R N I N G  TRZALS. 
~UDDEF&S CLAMF'ED AFT AT 15~STB 9 

. . . . . . . . . . . . .  ~Q_(2~rvolCiolq~ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUDDER,~ I#",STB °- 
~ean~eeq, eaea~S~ 

41 70.5 0"0244  
4"2 57" 5 O'OZ05 
45 d2"8 0"0186 
#4 ~ .zs  o.olzs 

. 5undial I 
o /Vl~ber C o m ~ s s .  - . . . .  

+ ArrOvrs de, ~oFe 
North/:~oin, ~. 

] 

I 2 $ 4 5 5 7 



,q ~ M. 67E 
~G.19. 

EXPE.RIMENT5 oN RIGID A/R3H/P R. 2.9. 
R. 29.(8) I/YNOLE o~' t:.3B,~JC REMOVED f',~M LIP, o~R R~ED ~N  

4oo 

TU~N/N~ TR~A~. 

)~UDDERSCLANPED AFT A7 5" t-.'~RT 

Oi~eFvotion~. 

RUDDEE~ 5 ° PORT: 
£xpt~ /Vo. Mca~ ~/o¢¢d Iv/can,~ 

45 72.75 o o2J l 
45 6Z. 7 0.0/86 
,4 7 51 5 0.0159 
4 8  42, ~ o .o117 

/ - - .  5unc//al. 
o Mos~'OF COmlOO63. 

b 
r 

Og 
0 I 2 3 ,4 5 

9. zo~/~2~ to/'zo ~ , ~  R LTP 259. 



R.~M 67S. 
El6. 2o. 

_EX/~f~//v/ENT3 0/V f~/G/D AIRSHIP R 29. 
R.zg(B) .//VHOL.E OF FAB,~/C REMOVED F, eON UPPER FIXEDF]N. 

5~ 

lOO 

40~ 

TURN/NO TR/AL.~. 
~ E R 5  ..C~PED AFrA_ 

Ob~s~fr~b/on&. 

r.x, oe: No M~/n 6p~c/ Mcan 31ope 

5~ e~  .g o.oze~. 

54.5 0.o2Z4 

55 4/. / 0.0/66. 
" 5und}o/ 

- ~ ~ r ~ ~ .  _ 

.( J 

0 



~M6~,_ 
- ~XPERIMENT5 oN R/C_4D A/;PSHIP ,~.29. Fie.z/. 

R ZP (B) J/J/HOLE OF FABRIC REMOVED /"-,qOM?, UPPER 
FIXED FIN. / 7"URNIN6 TRIA~. 

AFT RUDDE/:25 CLAMPED I 

AT /D~ HORT. 

5°°IIRuoDER,5 AT/5 ''''~'~° 

l 

200 

59 65.7 0-0325 

60 469 00z44 
i~1 57. 8 OOlgZ 

5unc/iol. 
Ma~t~r Com/oa~. 

lOOk- - - - . -  

0 

J&?IL~I~'L 

2 5 

c ,~  ~ , L ~  2 5 9  
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TABLE 12A (see Figs. 9 and 10). 

BIEASUREMENTS OF PRESSURE D I F F E R E N C E  AT 

AMIDSHIPS  AIRSCREW.  

Calculation of Thrust  Coefficient (T~) using Arbi t rary Da tum.  

0 
0 .025  
0.049 
0 .074 
0.099 
0.123 
0. 148 
0,173 
0 .198 
0.222 
0.247 
0.271 
0-296 
0.321 
0.345 
0. 370 
0.395 
0.420 
0 .445 
0 .468 
0 .494  

Expt .  No. 100. 

* Pres- 
sure 

Differ- 
ence. T '~  
(ins. 

water) .  

- -0 -67  0 I 
- - 0 '  63 - -0-050  
- -0 -57  - -0"090 
- -0"49  - -0 .11  
- -0 -38  - -0"12 
- - 0 ' 2 4  - - 0 ' 0 9  
- -0 .11  - - 0 ' 0 5  
+o.1o +o.o551 
+ 0 . 4 4  +o.28o!  
+0.80 +0.6681 
+ 1 - I 1  + 0 . 8 8  
+1  '38  + 1 . 2 0  
+ 1 . 5 9  + 1 - 5 0  
+ 1 . 7 6  + 1 . 9 2  
+ 1 . 8 4  + 2 . 0 4  
+ 1 . 7 5  + 2 . 0 6  
+ 1  "51 + 1 . 9 0  
+ 1 . 0 7  + 1 . 4 3  I 
+ 0 . 4 0  + 0 . 5 7  

0.00 0.O0 
0 .00  0.00 I 

E n g i n e s - -  
No. 1 = 1,200 

r .p .m.  
No. 2 = 1,200 

r .p .m.  
:No. 3 = 1,200 

r .p .m.  
Mean ½pV 2 = 

0"98 ins. of 
water .  
V 

~-D = 0 ' 3 8 .  
Tc = 0 '34 .  

T~ model  = 
0"39. 

* -Pres- 
SaFe 

Differ- r/D enee 
(ins. 

water) .  

0 - - 0 '  42 i 
0-025 - -0"38  
0 ' 049  - -0"34  
0"074 - - 0 ' 2 5  
0 .099 - - 0 ' 1 1  
0-123 + 0 ' 0 3  
0~148 + 0 ' 1 9  
0"173 + 0 " 3 8  
0 .198 + 0 - 6 4  
0"222 + 0 " 9 4  
0"247 + 1 - 2 0  
0-271 + 1  "41 
0 '296  + 1 ' 6 1  
0.321 + 1 " 7 3  
0.345 + 1 . 7 7  
0.370 + 1 ' 6 8  
O-395 + 1 " 4 4  
0"420 + 1  '00 
0-445 + 0 - 4 1  
0"468 ~ + 0 - 1 0  
0.494 ! + 0 . 0 2  

Exp t .  No. 102. 

i i 
I T' t  ~ 

o I 
-0 '0160 Etlgiues--- - 
-0"08051 No. 1 = 
-0-08951 s topped:  
-0.0530 I 
-o.o1781 
-0' 1356 
-0"318 

+ 0 . 6 1  
+ 1 . 0 0  
+ 1 - 4 3  
+ 1 . 8 5  I 
+ 2 , 3 0  [ 
+ 2 . 6 8  / 
+ 2 . 9 6  / 
+3,00 / 
+ 2 . 7 4  / 
+ 2 . 0 3  [ 
+ 0 . 8 7 5  j 
+ 0 . 2 2 6  1 
+o.o474 i 

No. 2 = 1,20~'  
r .p .m.  

:No. 3 = 1 , 7 0 ~  
r.p.lTt. 

0 .65  ins. o~, 
~ a t e r .  
V 

n D  = 0 . 3 1 ,  

T~ = 0 .54 .  

T (model) ,  
= 0 ,6 5 .  

* ~Ieasured from new d a t u m  (see Figs. 9 and 10 

\ ,~pw/ x~9 

B7532 Q 



2 3 4  

T A B L E  

DISTRIBUTION OF 

13 (see Figs. 11 and 12). 

SPEED IN VARIOUS LOCALITIES. 

1~,elow Forward Car. 

]::xpt. No. 103. 
~[t'( 1[ Speed 65"0 ft/see. 

l 'ositiml* Speed 
(fret). Ratio.J" 

36 
36 
31 
31 
26 
21 
16 
11 

6 
1 

1 . 0 1 5  
1"022  
1 . 0 0  
1 . 0 2 4  
1 -002  
1 -01  
1 . 0 4  
1 .041  
1 . 0 5 2  
1 . 1 7  

Behind Amidships Radiator. 

/ 

Expt,.No.I05.1 Expt.  No. 106. 
Expt.  No. 104. Mean Speed / Mean Speed 

Meart Speed 68.3 ft ]see. I 54-2 ft/see. ~ 55.I  ft/see. 
t 

Distance 
below Hul l  

(inches). 

Speed 
Ratio.~ 

6 0 " 4 6 0  
9 

12 0 ' 5 5 8  
18 0 " 5 7 6  
24 0 " 5 2 4  
30 0 " 5 9 4  
36 0 ' 6 9 0  
42 0 " 6 6 5  

Speed I: Speed 
lZat,io. "~ R~tio. "~ 

0 . 5 7 5  
0 . 6 8 6  
0 . 7 2 0  
0 . 6 3 1  
0 . 6 0 8  
0 . 7 9 5  
0 . 7 8 4  

0 .  564 
0 .  624 
0 . 7 2 0  

0 .  605-0"  628 
0 .  754 
0 - 7 4 1  
0 . 7 6 6  

* lndir,~h's length of lubc between flying head and point, at  which tube leaves the 
airship. (See Fig. 1.) 

-[ D:'notos the ratio of local speed to t,he mean speed of t,he airship. 



T A B L E  14.  

V A L U E S  O F  A I R  D E N S I T Y  p. 

S t a n d a r d  v a l u e  f o r  A i r  D e n s i t y  u t  2 8 8 A  ( 1 5 ° C . )  a n d  1 , 0 1 2  r o b .  i s  0 . 0 0 2 3 7 .  

Sept. 15th, 1919. 

Time (B.S.T.). 
Hr. Min. :Hr. Min. 

10 51 - -  12 04 
12 0 7 - -  12 51 
14 38 - -  14 56 
14 57 - -  15 11 
15 30 - -  15 45 
]5 4 7 ~  15 53 
15 5 5 - -  16 01 
16 07 - -  16 10 
16 13 - -  16 15 
16 21 - -  16 34 
16 36 - -  16 42 
16 43 - -  16 50 
16 59 - -  17 06 
17 33 - -  17 37 

p 
(Slugs lft.3). 

0 . 0 0 2 3 6  
0 . 0 0 2 3 5  
0 . 0 0 2 3 4  
0 . 0 0 2 3 4  
0 . 0 0 2 3 4  
0 - 0 0 2 3 3  
0 . 0 0 2 3 3  
0 - 0 0 2 3 4  
0 . 0 0 2 3 2  
0 - 0 0 2 3 0  
0 . 0 0 2 3 4  
0 . 0 0 2 3 5  
0 . 0 0 2 3 3  
0 . 0 0 2 3 3  

Sept. 16th, 1919. 

Time (B.S.T.). 
:Hr. Min. Hr. Min. 

p 
(Slugs/ft. a). 

0 . 0 0 2 3 5  
0"00234  
0 . 0 0 2 2 7  
0 . 0 0 2 3 0  
0"00232  
0 . 0 0 2 3 0  
0 - 0 0 2 3 2  

0 " 0 0 2 3 3  

0 " 0 0 2 3 3  
0 " 0 0 2 3 2  
0 " 0 0 2 3 2  

Oct. 7th, 1919. 

Time(G.M.T.). 
Hr. Min. :Hr. Min. 

p 
(Slugs [ft2). 

0 . 0 0 2 3 9  
0 . 0 0 2 3 8  
0 - 0 0 2 3 8  
0 . 0 0 2 3 8  
0 . 0 0 2 3 7  
0 . 0 0 2 3 8  

Oct. 9th, 1919. 

Time (G.M.T.). 
I~r. Mira ~[r. Min. 

10 39 - -  10 58 
11 0 0 - -  11 05 
11 0 9 - -  11 28 
11 42 - -  l l  48 
11 55 - -  12 53 
12 56 - -  13 51 

10 17 - -  10 28 
10 41 - -  11 30 
13 15 - -  14 02 
14 02 - -  14 40 
14 48 - -  14 55 
15 16 - -  15 50 
16 01 - -  16 24 
16 56 - -  17 0 1 ~  
17 O 3 - -  17 0 9 f  
17 45 - -  17 51 
17 54 - -  17 58 
18 01 - -  18 05 

10 3 0 - -  10 44 
10 46 - -  11 40 
11 4 6 - -  12 23 
12 2 5 - -  13 02 
14 36 - -  14 39 
15 07 - -  16 39 

14 2 7 - -  14 33 
14 3 4 - -  14 40  
14 41 - -  14 47 
14 49 - -  14 54 

P 
(Slugs/ft . ' ) .  

0 " 0 0 2 4 2  
0 " 0 0 2 4 3  
0 " 0 0 2 4 3  
0 " 0 0 2 4 3  
O 'O0242 
0 " 0 0 2 4 1  
0 " 0 0 2 4 1  
0 " 0 0 2 4 2  
0 " 0 0 2 4 2  
0 " 0 0 2 4 1  

['O 
¢.o 

NOTE.--Air Density p for Lieut. Hasler's observations on Sept. 14th, 1919 ~ 0.00235. 


