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B y  J .  R .  PANNELL, A . M . I . M . E .  

Beports and Memoranda No. 693. March, 1920. 

SUMMAR¥.--(a) Introductory. (Reasons for Inquiry.)--The experiments: 
were carried out during a visit to Pulham Air Station when the trials of 
R.39. were temporarily interrupted. Other reports dealing with full-scale 
airship experiments are R. & M. 537, R. & M. 674, R. & M, 668 and 
R. & M. 675. A comparison is made between various ships of the S.S. type. 

(b) Range of the Investigation.--The following experiments were carried 
out : -  

Section (i).---Turning trials with rudders hard over ; course with rudders 
approximately amidships. 

Section (ii).--Deceleration Trials. This section also includes a com- 
parison between S.S.Z., S.S.E.3 90,000, S.S.T.14 and S.S.E.3 100,000. 

Section (iii).--Airspeed for various engine combinations. 
(c) Discussion of the Results.--Section (i) .--With the rudder hard over 

the diameter of the turning circle is 615 ft. at  40 ft/sec, and 660 ft. a t  
25 It/see. ; the minimum turniflg coefficient is 3.7. For rudders amidships 
the maximum turning coefficient was 17, but  this could probably be 
increased by the use of another rudder angle. After turning under full 
helm the angular motion of the ship can be stopped in two seconds. 

Section (ii).--The mean resistance coefficient deduced from the first 
three experiments is 0. 0245 ; but this value is probably too low. The later 
experiments shew marked change of the coefficie~lt, which is thought to be 
due to unsatisfactory conditions. 

The resistance coefficients for various S.S. ships has been calculated 
from their performance data. The figures shew that  the saving due to the 
use of an envelope of the form of model U.721 is within 10 per cent. of 
what might have been expected from the rather inadequate information 
available from models, after making allowance for the fall of the resistance 
coefficient which may be expected for the S.S. envelope model on increase 
in the value of Vl. 

The advantage due to envelope form " U.721 " is calculated from wind 
channel data as 15½ per cent. ; from the performance data the advantage 
is found to be less by the amounts stated. 

Section (iii).--Airspeed is given for various rotational speeds of one or 
two engines. The highest average speed is 82 It/sec. The airspeed is 
approximately proportional to the engine speed minus a constant. 

(d) Applications and Further Developments.--These experiments are of 
a very incomplete nature, and if accurate information of the performance 
of this ship is required further trials will be necessary. 
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Estimated resistance coeffi- 
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Section (iii). 

Speed Trials. 

Forward speed with one, and 
two, engines at various rota- 
tional speeds. 

Relation between airspeed 
and engine speed. 

Figure. 

The  exper iments  descr ibed in this reporg were carr ied  ou t  a t  
P u l h a m  Air S ta t ion  on October  18th and  21st, 1919, dur ing visi ts  
for  the  purpose  of ca r ry ing  out  flights in  R.32. The  exper imen t s  
on " S.S.E.3 100,000 " were carried ou t  on two  occasions when  
i t  was not  possible to  fly in R.32. " S.S.E.3 100,000 " is a twin-  
engined non-r igid airship,  whose car  and  power  uni ts  are similar 
to  those  of an  earlier ship known  as E.3, bu t  whose envelope is of 
the  fo rm refer red  to l a te r  as t y p e  " U . 7 2 1 . "  

The only apparatus employed was the ship's compass and a 
pressure tube anemometer with a flying head, for the turning 
trials; and a cinematograph camera mounted on a stand with 
the indicator of the anemometer and a stop watch, for deceleration. 
The anemometer has been fully described in R. & ~VI. 675. 

The method of red~tetion of the results has also been described in 
1%. & N[. 675, and it will here suffice to say that the turning coeffi- 
cients* for  var ious  posi t ions  of the  rudder  have  been calcula ted  
f rom the  slopes of the  curves  in Fig. 3 and  the  m e a n  speed. 

I t  m a y  be convenien t  to recap i tu la te  the  m e t h o d  e m p l o y e d  
for  calcula t ing the  resis tance coefficient C f rom the  curves  of 
:Fig. 6. Over  the  range  where the res is tance var ies  as the square  of 

* Equal to tile diameter o~ the turning circle, divided by the length of 
the ship. 
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the speed, the reciprocal of the speed plotted on a time base will 
give a straight line, the slope of which is equal to dV/dt × 1/V 2. 
Neglecting the effect of acceleration on the resistance, we may 
write 

T--1% ~- M dv 
dt (1) 

where T is the thrust, 1% the resistance, 5~ the mass, V the speed 
and t the time. During a deceleration trial T -~ 0, and the resis- 
tance coefficient C will be equal to 

dV 1 1 
-- M dt X V2 × ~l ~ (2) 

where p is the current density of the air, and 1 the cube root of 
the volume of the airship. Calling the slope of the 1 / v -  time 
curve (see Fig. 6) S equation (2), may be written. 

1 
c = - - M S  × ~l ~ (3) 

But since the airship is in equilibrium 

= ~ l  ~ ( 4 )  
So tha t  (3) becomes 

c - -  s l  (5) 

In the deceleration trials on the first flight observations were 
taken visually ; in those of tile second flight the c~ncmatograph 
camera was employed. 

The angle of the rudders when the hehn was hard over to port 
was measured in the shed a~ter the experiments, by Flight-Lieut. 
]%. A. Cochrane. I t  was found to be 38 ° when a force was applied 
to the rudder to represent the air pressure. 

The nominal volume of the envelope was 100,000 cu, ft., but  
in view of the increase in volume which usually takes place, due to 
stretch of the fabric, an a t tempt  has been made to determine the 
volume at the time of the experiments. The overall length of 
the envelope was measured by Flight Lieut. Cochrane after the 
experiments, and a photograph giving a side view was taken on 
the day of the experiments ; end views of the envelope were also 
taken in the shed, and used to estimate the mean diameter of 
the envelope, the cross-section of which is not circular in form. 

DISCUSSION OF THE RESULTS. 
Turning  Trials, Section ( i ) . - -Ful l  H e l m . - - T h e  compass 

readings for these experiments are plotted on a time base in Fig. 3 ; 
the slopes of the lines and the turning coefficients deduced from 
them are given in Table 2. The high speed curve in Fig. 3 shews 
to a marked degree the sinuous form which has been noticed in 
previous compass observations during turning ; the same effect 
is noticeable to a lesser degree in the turns at lower speed. In the 
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present experiments several complete turns were made during 
each trial, so that  the accuracy in determining the slope is not  
appreciably less than if the observations lay on a straight line. 

The turning coefficients deduced from the slopes of these lines 
are given in Table 3 and are plot ted in Fig. 4 on a speed base. 
The variation of the turning coefficient with speed is 7 per cent. 
for a speed range of 1.6 to 1 ; but  the coefficient falls with increase 
of speed, which effect is opposite to that  observed on R..33. This 
result is possibly due to heeling of the main plane under the forces 
which act on it during rapid turns at high speed. 

Helm Amidships .JExper iments  with the rudders amidships 
are rendered difficult by  the general flexibility of the ship, unless 
special apparatus be employed. I t  was not possible in the pre- 
liminary trials now described to fit any device for holding the 
rudders at a given angle to the fixed fin, so that, due to slackness 
in the rudder lines and absence of a rudder angle indicator, the 
rudders were not always accurately amidships. The deviation 
could be observed by looking from the car along the fixed fin ; 
this uncertainty, therefore, limits the accuracy of the observations. 
Further, both airscrews rotate in the same direction, and this has 
been frequently found to necessitate setting the fixed plane at an 
angle to the axis of the ship in order to avoid constant use of the 
rudders on one side of amidships. Accurate determination of the 
turning coefficients would necessitate turns both to port and 
starboard, and in experiments to determine the maximum turning 
coefficiezxt it would be necessary to employ in turn a number of 
rudder angles of small magnitude. 

Three trials with the rudder approximately amidships were 
carried out at speeds of 40, 42 and 54 ft/sec. The results s h e w a  
marked speed effect in the same direction as observed on R.33, 
viz., a higher coefficient (possibly corresponding with reduced 
instability) as the speed increases. The turning coefficient changes 
by  as much as 37 per cent. for a speed range of 1.4 to 1. 

The maximum turning coefficient observed is less than 17, 
which is near the value deduced for R.33 at 60 ft/sec. (P~. & M. 
668); but  on R.33 this value became practically infinite at 
87 ft/sec. S.S.E.3 appeared to have a distinct preference for 
Vurning to starboard (see Expt.  1%o. 7, Fig. 5, in which the direction 
changed from port to starboard) and it is probable that  had the 
rudder been fixed slightly to port  a larger coefficient would have 
been obtained. 

I t  should be noted that  the experimental data upon which the 
foregoing suggestions are based are very meagre. 

In concluding this sectior~ of the report it may  be of interest 
to record some measurements of controllability carried out at the 
suggestion of Flight Lieut. R. A. Cochrane. 
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After securing a sufficient number of observations with the 
rudders hard over (38 °) to port to define the rate of turn, the 
rudders were changed hard over to starboard. An observer with 
a watch noted the time when tim lower rudder passed through 
the amidships position, and again when the airship was in the act 
of changing its direction of turn from port to starboard. Obser- 
vations of this type were carried out at four speeds ranging from 
25 to 40 it,/see., and the time interval between rudders amidships 
~md change in the direction of turn varied between one and two 
seeo~l(1 s. 

A further tribute to the controllability of this ship is contained 
in the statement by Captain S. E. Taylor that,  during the speed 
gri~fls of llctober 2tst, he was able to ma~ipulate the helm so as 
to preveut changes in the compass reading greater than about 
one degree. 

I¢e.dslance. Section (ii).--Deeeler(¢tio~.--The observations of 
deceleration are plotted in Fig. 6, and t.he resulting slopes are given 
in Table 3. Ib was anticipated tha t  it would be much more 
difficult to secure steady conditions on a non-rigid airship than 
on one of the rigid type, and this difficulty is probably in part  
~x~sponsible for the unusual features exhibited by the values 
l~lott.ed i~1 Fig. 6. 

Expts. 8, 9 and 10 were carried out during the flight on October 
18th, the Ogilvie indicator being observed visually. Straight lines 
represent.ing the estimated mean slopes have been drawn, and 
though t.he points deviate from these lines the departure does not 
appear to be systematic. The mean of the coefficients calculated 
from the~e three lines is 0.0246, i tem which value tke mt~ximum 
~lifference is slightly more than 1 per cent. 

On October 21st, the deceleration trials were repeated (Expts. 
11, 12 and 13), a cinematograph camera being employed for 
observing the airspeed indieat.or. Reference to Fig. 6 shews that  
these curves m'e all concave upwards throughout their whole 
range. ~hough a straight litxe has been drawn to indicate the 
average slope over the early portion of the curve. Owing to lack 
~f sufficient observers* a full record of angle of inclination, 
eleva,tor augle, and height was not secured during the trials ; but 
from approximate observations it was found tha t  the angle of 
pitch in Expt. 11 amounted to 10 ° during a part of the experiment, 
so theft, this trial may be regarded as less accurate than Nos. 12 
and  13. and it will be neglected in the considerations which follow. 

The resistance coefficients calculated from the average slopes 
during t,he early parts of Expts. 12 and 13 are respectively 0-0306 
and 160269. giving a mean value of 0.0287. This later figure is 
1-17 times the mean value for Expts. 8, 9 and 10. I t  should be 

* OI the  iive persons  carried, th ree  were requi red  to n a v i g a t e  the  ship,  
~ n d  a t o u r t h  ~ a s  a wireless o p e r a t o r ;  t he  f if th on ly  was quite free for  
~ b s e r v i n g .  
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noted that  the airscrews were at rest in Expts. 11, 12 and 13; 
but  in Expts. 8, 9 and 10 the engines were " t icking round." The 
rotational speed of the screw under this condition would probably 
be about  300 r.p.m. 

From an approximate calculation based on experiments with 
models the difference between the resistance of the airscrew 
rotating slowly and at rest should be small, at  least during the 
early portion of a trial ; but  the difference in the character of the 
two curves for the two days is suggestive.  

With regard to the concave form of the curves, it has been 
pointed out  by Flight Lieut. F. IV[. Rope that  this effect might be 
expected if the airship was not in equilibrium or was statically 
out of trim, since as the speed fell a greater angle of pitch would 
be required to maintain a constant height, or if the axis of the 
ship was horizontal the path would become inclined and the 
airship, therefore, inclined in pitch. The author was not, however, 
during the flight aware of any marked departure from steady 
conditions. The same tendency would be manifest as the result 
of placing the elevators at  increasing angles as the speed fell. 

That the results of Expts.  12 and 13 are spurious seems 
highly probable, since the coefficients calculated from the average 
slopes of the upper portions of the curves is about  0.045, and 
it is difficult to believe that  scale effect can account for so 
much change, especially as at the highest value of Vlin experiments 
on a model of the hull (about 0.08 of the V/of the ship at 20ft/sec.),  
the resistance coeffÉcient was practically constant. 

A possible source of error, which is being investigated, lies 
in the lag of the anemometer. Observations have been made on 
the damping in the tubes employed ; but  the conditions appear 
to be complicated and experiments are being carried out with a 
view ~o constructing an anemometer in which the lag will be 
negligible. If accurate data of the performance of this airship 
are required it is essential that  further experiments of a more 
complete character be carried out. 

Comparison of Performance of various " S.S." Airships.---The 
form of envelope employed on the present S.S.E.3* was designed 
in the course of a series of experiments on models 1~. & M. 
607, and is intended to be identical in form with model U.721. 
The resistance coefficient of this model was lower than that  of 
any other model examined, and the position o~ the maximum 
ordinate offered certain advantages in rigging the car, over that  
of the original form of S.S. envelope. I ts  chief disadvantage is 
that  owing to the reduced distance between the centre of gravity 
of the ship and the Kas, the moment due to unit area of the latter 
is less. Though complete data is not  available from experiments 
on models, an approximate estimate may be made of the relative 

* The name is the same as that of an earlier ship, which had an " S.S.Z. 
90,000 " envelope. 
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resistances of S.S.E.3 100,000, and airships with the original form 
of S.S. envelope. 

At the highest value of Vl obtained in the wind channel the 
resistance coefficient for a model of the " S.S.Z." envelope is 
0.0130 ; but since the value is falling rapidly it may be assumed 
that  C for the full-scale value of V1 will probably be as low as 0.01 
o1" less (see R. & hi. 607) ; the value of C for model U.721 at the 
highest value of ¥ l  (75 ft2/see.) is approximately constant at 
0.0069. Since there is no evidence as to the variation of the 
coefficient for the latter model at values of V1 higher than 75 if 2/see., 
this value (0.0069) must be employed for estimating full-scale 
performance. The resistance of the " S.S.Z." envelope on full 
scale is, therefore, assumed to be 1.45 times that  of the " 721 " 
envelope for the same volume. 

In experiments on a model of " S.S.Z." (R. & )i. 457) the 
envelope was found to be responsible for 35 per cent. of the total 
resistance, so that,  assuming this proportion on full scale (though 
it may well be lower), changing the " S.S.Z. 90,000 " envelope of 
airship No. 2 (Table 4, page 244) for an envelope of the "721 "form,  
should result in a reduction of the resistance coefficient for the 
ship of about 15½ per cent. 

An impression appears to exist in British and American airship 
circles tha t  in practice the use of an envelope of the form of 
" U.721 " in place of the original envelope did not, other things 
being equal, produce a faster ship. In order to make possible a 
comparison of the various types of S.S. airship, information as to 
the performance data of these ships was supplied, at the author's 
request, by the Director of Research. 

In this connection the writer wishes to tender his thanks to 
Flight Lieut. Rope for his assistance and for supplying practically 
all the data given in Table 4. The various quantities employed 
in the calculation are derived as follows : ~  

(a) Volume. Nos. 1, 2 and 3 (Flight Lieut. Rope) by 
volume of gas required to fill the envelope ; No. 1 is 
the more accurate, as it  is the mean of the values for 
many envelopes. No. 4 (N.P.L.) estimated from 
photographs, and an actual measurement of length 
taken at the time of the present experiments;  the 
non-circular form of the cross-section was taken into 
account. 

(b) Power. (Flight Lieut. Rope.) :Nos. 1 and 3, ]:)yak 
engines ; from bench tests of the actual units fitted on 
the ship; accuracy about =~ 3 per cent. Nos. 2 and 4, 
Hawk engines ; mean values for the type ; accuracy 
about ± 5 per cent. 

(e) Speed, by flying head and specially calibrated Ogilvie 
indicator. Nos. l, 2 and 3 (Flight Lieut. Rope). The 
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first is a mean value from results for many ships ; the 
results for Nos. 2 and 3 are deduced from several 
observations, all of which were taken on one ship only. 
No. 4 (N.P.L.) from present experiments. Accuracy 
of measurement is probably about ~- 1 per cent. ; but 
changes in the atti tude of the ship may reduce the 
speed. 

(d) Airscrew E~cieney.  (Flight Lieut. l%ope.) Taken as 
equal to tha t  of a blade element at 0.7 maxinmm 
radius, taking account of advance per revolution and 
inflow velocity. 

Perhaps the most striking feature of the resistance coefficients 
deduced from the foregoing figures (given in Table 4) is the low 
value obtained for " S.S.Z." (No. 1) as compared with that  for 
" S.S.E.3 90,000 " (No. 2), viz., 0-018 and 0.025 respectively. 
The chief points of difference between airships No. 1 and No. 2 
are :-- 

(1) No. 2 has two engines instead of one, and the resistance 
of the supporting structure will consequently be higher.* 

(2) The car of No. 2 has a larger cross-sectional area than 
that  of No. 1 and the personnel sit abreast instead of in 
line ; but the ear of No. 2 has a form which should give 
a lower resistance coefficient so that  its actual resistance 
is unlikely to differ widely from that  of No. 1.* 

From these considerations values of the same order might be 
expected for the resistance coefficients of the two ships ; but the 
coefficient for No. 2 is given as 1.4 times that  for No. 1. None 
of the quantities upon which the calculations are based appear 
to be liable to sufficient uncertainty to account for the difference. 

Experiments on a model of " S.S.Z." (I%. & hi. 457) give a 
value of the resistance at 40 ft/see, corresponding to a coefficient 
of about 0-04. Observations are only available at one speed ; but 
the resistance coefficient will probab]y fall with increase of scale 
and speed, so that,  since the full scale Vl is about 50 times that  
on the model, an accurate prediction of the resistance of the 
actual ship cannot be made from these wind channel experiments. 

Airships "S.S.E.3 90,000"~ (No. 2) and "S .S .T .14  " (No. 3) 
differ mainly in the ear and envelope. 

(1) The ears are of similar form, but No. 3 is much larger 
(1.25 times) cross-sectional area, and consequently 
higher resistance, than No. 2. 

(2) The envelope of No. 3 is of the " 721 " form, which, 
judging from experiments on models, should have a 
lower resistance. 

* Note.--Possible increases of resistance under these heads are reduced 
in the coefficient by the larger volume of the envelope of No. 2. 

Airships Nos. 2 and 4 are both known as S.S.E.3. 
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3 S.S.T.14 

i 
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I 

TABLE 4. (See Fig. 2.) 

P A R T I C U L A R S  OF V A R I O U S  S.S. A I R S H I P S .  

En~-olop).  

T y p e .  
I 

"7o, ooo "~ 
Lgth/diam. 

4.7. 

"90,000." 
S i m i l 2 r  in .  

form to 
"70,000." 

" 100,000" 
(U.721), 

Lgth/diam. 
4-6.  

" 100,000" 
(U.721). 

Lsth/diam. 
4 .8 .  

Vol. (ou. f t . ) .  

71,000 

I 

i 95,000 

i 
I 
I 
! 

i 
! 109,000 t 

J 
I 

, III ,000 t 

i 
I 

( ? i t r .  
. ~ m r o x i m a t ,  , N o . . f  F i n s  

o n s i m m  a n d  .~re& 
(feet). : (sq.  I t , ) .  

. . . . . . . . . . . . . . .  3 

Zero 1 Vert. 225 
2 . 7  x 4 -3  2 Hor.  288 

x 17.3. 

I o ~  E.3. 
: 4 " 6 X 4 . 6  

x 2 1 . 6 .  

Extra large 
E.3 type, 
5.1 x 5.1 

x 2 4 .  

Orisinal E.3. 
As No. 2. 

Total 513 

3 
I Vert.  225 
2Hor.  822 

Total 547 

3 
1Vert. 275 
2Her .  300 

Total 575 

4 
2 Vert. 300 
3 Her. 300 

Toi~Zl 600 

] ) o ~ , r  P l a n t .  

T y p .  P o w e r .  

Rolls Royce, One of 
"Hawk."  82 h.p. 

(+ 5%). 

Sunbeam, Two of 
" / )yak . "  114 h.p. 
(same (± 3%). 

e . ~ e s  &s  
on No. 4.) 

Rolls Royce, Two of 
" H a w k . "  85 h.p. 

(4- P,/o). 

Sunbeam, Two of 
" / )yak . "  I I I  h p. 

(Same (:1: 3%). 
enginm as 
on No. S.) 

Rot&-  
t i o n a l  ~ w " d  
[,llx~e d ( f / s . ) .  

( r .p .m. ) .  
. . . . . . . . . . . . .  J . . . . . . . . . . . . .  :'. 

1,350 7 2 - 6  

1,340 

1,400 

1,300 

; 87"9 

I 
i z 

I 
i 

! 77-6 

I 
I 
1 

i " 

82 
I 
i 

0"62 385 

i 
0 . 6 7  956 

i 
I 

I 
J 

, 0 .64  770 
! 
1 

i 
i 
i 

i 
0 . 6 5  972 

I 
I 

i 
f 

i 

Air- 
screw T h r u s t  Re~is-  

b:fl|- (Ibs.) .  t l m ~  
©iem,.y. I Coefft. 

0.0179 

i 

0"0251 

! 

I 
I 
i 

i o . o s 3 7  

1 
I 

i 
i 0 . 0 2 6 5  

i 
{ 

B o t h  a i r s h i p s  k n o w n  a a  8 . 8 . E . $ .  t T w o  d i f f e r e n t  e n v e l o p e s  ~ o f  t h e  s tone  fozm.  
T i m  nom; , , - a  v o l u n m  of  s n  e n v e l o p s  i s  o f t e n  u s s d  t o  d e s i g n s t e  t~mt  ~ f m ' m .  

t,0 
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The resistance coefficient for No. 3 is only 0.94 that  of ~o.  2, 
so tha t  the use of envelope " 721 " appears to have reduced the 
coefficient for the ship by 6 per cent. plus the amount due to the 
difference between the large and small cars. This difference 
compares with an approximate estimate from experiments on 
models (see p. 242) of 15½ per cent. 

Coming to airship " S.S.E.3 100,000 "* (No. 4 of Table 4) upon 
which the present experiments were carried out, comparison with 
the other airships is rendered difficult by the fact tha t  No. 4 has 
an upper fin and rudder in addition to those on Nos. 1, 2 and 3. 

The best evidence as to the resistance due to the additional fin 
appears to be contained in 1%. & ~ .  457, where it is stated that  
the removal from a model of " S.S.Z." of a pair of elevator planes 
(the type employed for all the planes of S.S.E.3) caused a reduction 
of resistance equal to 0.18 times that  of the fully rigged model, 
or for one elevator 0.09 times. 

In considering the application of this result to the similar fin 
on airship " S.S.E.3 100,000 " it appears that,  owing to the large 
scale effect on wires of small diameter at wind channel speeds, the 
proportion of the resistance due to the fin will be less than the 
amount given in 1%. & IV[. 457 ; but if the envelope of No. 4 has a 
lower resistance coefficient than that  of No. 2 the fin resistance will 
be relatively more important. These two effects appear to be the 
ones of greatest importance, and since they produce opposite 
effects it  may be hoped that  the vMue given in 1%. & 5[. 457 may 
be applied to full scale without serious error. 

Assuming, then, in the absence of more precise ir~ormation, 
tha t  the results obtained on a model of " S.S.Z." may be used for 
estimating the resistance of the upper stabilizing surface on 
" S.S.E.3 100,000," this quanti ty is found to be 9 per cent. of the 
fully rigged ship. 

Reference to Table 4 shews that  the two " S.S.E.3 " airships, 
l~os. 2 and 4, differ only in the envelope and in the presence of an 
upper vertical fin on the latter ship. The increase of resistance 
due to the additional fin has just been estimated as 9 per cent., 
while the reduction which might be expected due to use of an 
envelope of the " 721 " form in place of the " S.S.Z. 90,000 " 
cu. ~t. envelope has been shewn to be 15½ per cent. The resistance 
coefficient of airship 1~o. 4 should therefore be 6½ per cent. lower 
than tha t  of 1~o. 2. 1%eference to Table 4 shews that  the resistance 
coefficient of airship No. 4, calculated from the full-scMe per- 
formance, is 5 per cent. higher than tha t  for airship No. 2. 

To sum up, therefore, it may be said that  the resistance coeffi- 
cients of airships " S.S.E.3 100,000 " and " S.S.E.3 90,000," as 
determined from performance data, are, within 12 per cent., 
related in a manner which might have been predicted from data 
available from models. 

* Airships Nos. 2 and 4 are both known as " S.S.E.3." 
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In view of the uncertainty on the various full-scale quantities, 
and the possible magnitude of the correction ir~ passing from 
model to full scale, the accuracy of this agreement is as good as 
could be expected. 

I t  may be urged that  the necessity for fitting the fourth fin, 
which causes the increase of resistance, arises from the use of the 
" 721 " form envelope ; but  it should be noted that  airship bTo. 4 
is markedly more controllable, and probably less unstable, than 
Nos. 1, 2 or 3. Several experienced pilots are of the opinion that  
" S.S.T.14," which had aa envelope of the " 721 " f o r m  and 3 fins 
oniy, was no more difficult to control than " S.S.Z." A patrol 
flight of 52 hours' duration was made in " S.S.T.14 " by  Captain 
G. F. Meager and Captain S. E. Taylor, and it may be assumed 
that  this would not have been possible had the navigation of this 
ship entailed more than the ordinary degree of fatigue. 

From the foregoing discussion it appears evident tha t  no 
accurate comparison can be made without suitable full-scale 
experiments, and it is urged that, if possible, an airship with an 
envelope of the " S.S. 60,000," or " S.S.Z.," form should be secured 
for comparison with " S.S.E.3 100,000." 

I t  is unfortunate that  accurate information has not been 
obtained as to the performance of each of these types of airship. 
There is a tendency to regard as useless, airships which are obsolete 
from the point of view of service requirements ; but  unless the 
performance of such ships is recorded there is the risk of losing 
the valuable experience which is to be gained from comparison of 
different types. 

Airspeed for Various Combinations of Power Units. Section (iii). 
--Observations of speed are given in Table 5, and plotted on a 
base of rotational speed of the engine in Fig. 7. I t  will be noticed 
that  the continuation of a straight line through the points does 
not pa.~s through the origin, as it should if the speed were 
throughout proportional to the rotational speed of the engines, 
but  cuts the axis of engine speed. Two causes suggest themselves 
iri ¢~xplanation of this behaviour--(1) the resistance does not vary 
as the square of the speed, or (2) the ship may not be statically in 
equilibrium or in trim, or (3) both causes may operate. 

The small number of observations in the present experiments 
precludes the possibility of any definite conclusions being based 
upon them. Flight Lieut. Rope has a number of similar observa- 
tions taken on several airships of the C star class, and except in 
one case a line through any of these sets of points cuts the base 
line ; but  the range of speed in these experiments is less than 
two to one, so that  no accurate deductions can be drawn from 
them. 

There appears to be little hope of determining the change in 
the resistance coefficient from the evidence at present %vailable, 
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but it  should be possible to carry out experiments in which the 
ship is in trim, over a range of speed of approximately three to 
one. Such evidence would afford irfformatioa as to the change 
in the resistance coefficient, which would be valuable for com- 
parison with the results of deceleration trials. 

In  conclusion the author wishes to tender his thanks to Captain 
R. A. Cochrane, who arranged the flights, and acted as pilot on 
both occasions ; Captain S. E. Taylor rendered valuable assistance 
in taking observations on each flight. The writer is also indebted 
to Mr. A. H. Bell for assistance in reducing the observations. 

TABLE 1. (See Fig. 1.) 

" PARTICULARS OF " S.S.E.3 100,000." 

Displacement of hull. (Nominal I00,000 eu. ft.) ... I I1,000 eu. ft. 

Overall length . . . . . . . . . . . . . . . . . .  167 ft. 

Maximum diameter . . . . . . . . . . . . . . .  37 ft. 

Power plant :---Two, Sunbeam " D y a k  " engines 
of 100 h.p. (rated). 

Airserews :--Two, Coventry Pope. Left-handed. 
Diameter, 8 ft. 2 ins. 

Stabilizing surfaces : - -Four  similar fixed fins and 
four similar control surfaces. 

Total fixed vertical or horizontal area, 
about . . . . . . . . . . . . . . .  330 sq. ft. 

Total movable vertical or horizontal area, 
about . . . . . . . . . . . . . . .  70 sq. ft. 

Deduced from Present Experiments. 

Maximum speed . . . . . . . . . . . . . . .  82 ft/see. 

Minimum diameter of turning circle (to port), at 
40 ft/see . . . . . . . . . . . . . . . .  615 ft. 

Minimum turning coe3ficient at 40 f l  /sec . . . . . . .  3.7 



TABLE 2. (See Figs. 3, 4 and 5.) 

EXPERIMENTS ON S.S.E.3. TURNING TRIALS. 

Calculation of Turning Cociticien% &c. 

Engines Mean Speed Rate of Torn. :Diameter of Mean 
Expt.  Time. , Tttrning No. Rudder Angles. (r.p.m.). V - Turning Inclination 

Hr. rain. (ft/see.). Deg/rain.  '! (degrees). i Rad/sec.  Circle (ft.). Coefficient. 

(Oct .  1 l t h ) .  
15 23 

15 16 

15 10 

15 31 

(Oct .  18th) .  
11 28 

11 06 

11 17 

38 ° p o r t  . . .  

Amidships (approx.) 

, ,  , ,  . - .  

, . .  B o t h  1,000 

. . . . .  900 

,, 700 

, ,  600 1 

,, 900 

,, 700 

,. 700 

39"7  

35"2  

2 8 - 4  

24" 8 

54" 1 

41 "7 

39" 8 

4 4 3 - 6  

3 8 9 . 2  

3 0 5 . 0  

259" 0 

1 3 3 . 0  

1 3 0 . 2  

1 4 4 . 0  

0 . 1 2 9  

0 . 1 1 3  

0 . 0 8 8 7  

0 - 0 7 5 4  

0 . 0 3 8 7  

0 . 0 3 7 9  

0 - 0 4 1 9  

615 3 . 6 8  

621 3 . 7 2  

64O 3"83  

660 3 . 9 5  

2 ,800 1 6 -7 5  

2,200 13.i8 

1,900 1 1 .3 8  

+1 .1  

+ 2 . 0  

+ l . 9  

~O 
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RESISTANCE 

TABLE 3. (See l~ig. 6.) 

COEFFICIENTS CALCULATED 
DECELERATION TRIALS.* 

FROM 

E x p t .  No.  S.~ Coefficient 

8 

9 

10 

l l  

12 

13 

5"05 x 10 -~ 

5 .14  

5 .17  

6 .67  

6-37  

5 . 6 0  

0"0243 

0"0247 

0"0249 

0o0321 

0"0306 

0-0269  

Mean  of E x p t s .  8, 9 a n d  10 0 .0246  

1 dV 
t s  - -v~ x-~.  

Z ~ VOI. 1~. 

* F o r  d iscuss ion  of er rors  se8 page  241. 

B7532 R 



T ~ L E  5. (See  F i g .  7.) 

F O R W A R D  S P E E D S  F O R  V A R I O U S  E N G I N E  C O M B I N A T I O N S .  

Expt..NVo. ! 

14 

15 

16 

]7 

18 

I 9  

2 0  

21  

2 2  

23 

m 

D a t e .  

18th October ... 

) )  . . .  

21st October ... 

j )  - - .  

~ )  . . °  

) ~  . . .  

mp . . ,  

~ j  . - .  

) )  . . .  

) 0  " ° "  

Time. 

Hr. min. 

11 56 

11 53 

15 49 

15 48 

15 46 

15 45 

15 43 

15 41t 

15 40 

15 38 

Engines (r.p.m.). 

Port. 

1,000 

800 

1,255 

1,200 

1,100 

1,000 

900 

800 

700 

600 

Starboard. 

1,000 

800 

0 

0 

0 

0 

0 

0 

0 

0 

Speed (ft/sec.). 

Extremes. 

63" O---54" 0 

48" 8---44" 9 

58" 9--58"  3 

55" 6---55" 2 

51" 9--49"  6 

46" 2--44"  6 

42" 2--4O" 7 

3 4 . 8 - - 3 2 . 8  

3 0 . 5 - - 2 9 . 4  

2 7 . 6 - - 2 7 . 3  

.~Iean. 

60.9 

47.2  

58 .6  

55.3 

51.0 

45.5  

41-8 

34-0 

30.0  

27 .4  

i 

x 

0"0609 

0"0590 

0"0467 

0"0461 

0"0464 

0"0455 

0"0465 

0"0425 

0.0428 

0"0456 

i | l  i 

3lean No. of 
Inclination. Observations 

of Speed. 

2"2 ° 8 

- -  9 

- -  4 

5 

7 

6 

- -  8 

m 6 

8 

7 

NOTB.~In Expt. No. 12 (Deceleration trial) highest speed touched was 81"7 ft/see., the engihe speeds being 1.275. (~/N ~ 0"0642.) 

t~ 


