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A C C O U N T  O F  S O M E  E X P E R I h ' [ E N T S  O N  R I G I D  

A I R S H I P  R.26.  

B y  J .  R .  PANNELL, A . S f . I . 3 I . E . ,  a t l d  R .  A.  FRAZER, B . A . ,  B . S c .  

Reports and, Memoranda, No. 674. January, 1920. 

SulvlMARY.--The Repor t  gives exper imenta l  results obtained on four 
flights on R.26 during the  period November ,  1918--January ,  1919. 

The following earlier Reports  are quoted in the  t ex t  : - - R .  & M. 668 
(Airship R.33) ; R. & M. 537 and R..& M. 619 (23 Class Airships) ; R. & M. 
460 and R. & :vL 475 (A_irscrew Thrust) .  

Range of lhe [nvestigation.--The experiments  may  be classified under 
the following headings. 

(1) Unsuccessful a t t emp t  at  pressure measurement  over  the  hori- 
zontal stabilizing surfaces. 

(2) Turning trials with the  rudders a t  12 ° and 18 °, port  and starboard,  
for one speed only. See Tables 2 and 3, Figs. 2 and 3. 

(3) Deceleration tests f rom full speed. See Table  4, Fig. 4. 

(4) Airspeed for a number  of combinat ions  and ro ta t ional  speeds of 
the  engines. See Table  5. 

(5) Pre l iminary  observat ions  of airscrew thrds t  by  the  method  
suggested by Dr. S tanton in R. & M. 460. See Appendix 
and Tables 6 and 7, Figs. 5 and 6. 

Conclusions. Section (2) . - -For  rudder  sett ings between 5 ° and hard 
over  the mean turning diameters  range in the case of, R.26 from 30 to 50 
per cent. higher than  the figures correspouding with  R.33. The percentage 
reduct ion of forward speed due to turning with  the  rudders at  a given 
angle, instead of flying a s t ra ight  course at  the  same engirm r,p.m., is 
appreciably smaller with this class of airship than  with  the  33 Class. 

Section (3) . - -The values of resistance coefficient der ived from the 
decelerat ion exper iments  differ from the  mean C = 0.0247 by not  more 
than  1 per cent. 

Section (4) . - -The highest  observed speed was 70 I t /sec.  (41-5 knots), 
The few speed observat ions avai lable  confirm sat isfactori ly the  dependence 
of head resistance upon the  square  of forward speed. 

Section (5). (Appendix.)--The results of the  prel iminary thrus t  
measurements  present  anomalous features, for which-h i the r to  no satis- 
fac tory  explanat ion  has been suggested. The  observat ions secured a t  the  
after  airscrew, when plot ted,  appear  to group themselves into five points 
agreeing sat isfactori ly wi th  the model  aud into two curves falling markedly  
below the expected range. The former  group was secured on occasions 
when the port  amidships engine was. not  running, and the  la t te r  group 
wheu all engines were s ta ted to be running satisfactorily.  
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I N T R O D U C T O R Y .  

Programme of Experiments.---During the  s u m m e r  of 1918 
ce r ta in  full-scale exper imen t s  on r igid airships were a r r anged  in 
conjunct ion  wi th  the  Airship Design D e p a r t m e n t ,  Admira l ty .  
The  original  proposals  inc luded an inves t iga t ion  of pressure  
d is t r ibu t ion  over  the  s tab i l i z ing  surfaces of a r igid airship,  wi th  
a view to locat ing the  posi t ions  on these surfaces where  maxi -  
m u m  stresses were l ikely to  be  encountered  dur ing flight. Airship 
R.26 was a l located for the  purpose,  and  a p re l imina ry  series oi 
pressure  holes was f i t ted on one of the  hor izonta l  surfaces.  After  
discussion wi th  an exper ienced pi lot  a hor izonta l  surface was 
chosen in preference to  a ver t ica l  surface,  since i t  was hoped  t h a t  
b y  app rop r i a t e  a l te ra t ion  b o t h  of t r im and  equi l ibr ium of the  
airship dur ing flight, manoeuvres  migh t  be  u n d e r t a k e n  which 
would furnish higher stresses over  the  hor izonta l  fins t h a n  would 
be secured over  the  ver t ica l  fins b y  tu rn ing  manoeuvres.  

A semi-circular  p h o t o - m a n o m e t e r  (containing 32 tubes)  s imilar  
in principle to the  i n s t r u m e n t  described in g .  & M. 287 was loaned 
f rom the  R.A.E.  for these  special  exper iments ,  and  insta l led in 
the  gun posi t ion a t  the  tail.  Sui table  a r r angemen t s  were also 
made  to  measure ,  b y  aid of an i n s t r u m e n t  s imilar  to a y a w m e t e r  
m o u n t e d  hor izonta l ly  a t  the  keel  cabin, the  p i t ch  of the  airship.* 
A special p ro t r ac to r  was f i t ted to the  e levator  under  test ,  so t h a t  
the  t rue  e levator  angle a t  a n y  s tage could b e  obse rved  d i rec t ly  
f rom the  tai l  b y  means  of a telescope. 

* This angle is not given by the ordinary inclinometer unless the flight 
path is horizontal. 

(BT~a2) N 
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I t  may be stated at the outset ~hat, owing to bad weather and 
to the low disposable lift of airships of this class, these experiments 
were abandoned. Some photographs of pressure distribution 
were ta.ken on one flight ; but as the ship was flying very approxi- 
mately i~t trim the pressures recorded were insignificant. The 
captain c(m~i<tered it mtsafe to at tempt any manoeuvres which 
would give high pressm:es on the fins, and it was eventually agreed 
to l)o~tpmte these special tests until a ship of a later class became 
aw~ilable. 

])uri~tg this period Dr. T. E. Stanton, F.g:S.,  and 5{iss ]). 
l~{arshall, B.Se., were carrying out experiments in a wind channel 
on a new method of measuring airserew-thrust. These experiments 
are reported upon in R. & =-V[. 460 and g .  & 5{. 475, where it is 
concluded that  a close approximation can be. made to the airserew- 
thrust, as measured on a wind channel balance, from observations 
of the difference of pressure between two pitot tubes, mounted in 
certain positions before artd behind the airserew disc. The pos- 
sibility of estimating ultimately by this method the total airscrew 
thrust of any airship was at once evident, and at ;Dr. Stanton's 
suggestion appropriate pitot tubes were mounted at the airserews 
of R.26, with a view to a preliminary comparison between the 
thrust of the full-scale airserew and that  predicted by a similar 
method from a scale model. 

Unfortunately, those few experiments on R.26 which were 
performed in this connection remained uncompleted, and the 
results, as ~hey stood, were found to present very anomalous 
features. 

Since the completion of the trials of i~.26, and as a result of 
the experience gained in them, special apparatus has been designed 
for Airship R.32; and the preliminary experiments recently 
conducted with the later class airship do not appear to exhibit the 
anomalous behaviour observed on R.26. I t  is, therefore, thought 
desirable, for purposes of reference, to present the earlier observa- 
tions in the form of an Appendix to the present report. I t  is 
hoped that  in due course a satisfactory explanation of the out- 
standing discrepancies will be discovered. 

Deceleration tests and a number of turning experiments 
completed the schedule of trials on R.26 ; these results serve as 
a check on those reported earlier. (R. & ?~. 537.) 

The observations were taken during four flights from 
Pulham Air Station, in Norfolk, on the following dates:  
Nov. 20th and ;Dee. 22nd, 1918, and Jan. 23rd and 24th, 1919. 
I t  may be remarked that  the weather conditions obtaining 
dm-ing the flights, and the limited number of useful flights, were 
not favourable for completing the programme of experiments 
satisfactorily. 
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D E S C R I P T I O N  OF A P P A R A T U S .  

A~emometer . - -The  flying head  used for purposes of speed 
measurement  was substant ia l ly  tha t  a l ready described in detai l  in 
1%. & ~I. 668 (Exper iments  on 1~.33). The head  was lowered some 
45 ft.  below the  forward  car or the keel, and gave a pressure 
difference of 1/2~*V ~, which was observed by  means  of an Ogilvie 
indicator,  in the usual manner .  

• Control Surfaces.--1%eference h'as a l ready been made in the 
I n t r o d u c t o r y  Section to cer ta in  appara tus  which was installed 
for pressure measurement  over  the  horizontal  stabilizing surfaces. 
As these par t icular  tests  p roved  abort ive,  it  is thought  t ha t  any  
fur ther  account  of the ar rangements  made in this connect ion is 
unnecessary.  I t  is hoped to repor t  shor t ly  on anMogous experi-  
ments  on 1~.32, when the equipment  will be described in the 
requisite detail.  

In  connect ion wi th  the turning trials it  should be explained 
t h a t  recent  experience wi th  1%.33 has shown the desirabil i ty of 
clamping the  rudders  a t  the af ter  end  of the  airship during a tu rn  
a~ any  specific rudder  angle, if the most  accurate  results are to 
be obtained.  This precaut ion  has uni formly  been followed in 
conduct ing  turn ing  trials on the la ter  class airships, since a 
considerable movemen t  of the rudders  has been observed when 
the  helm in the forward  car is held s teadi ly  in any  given position, 
in vi r tue  of the s train in the great  length of the cables operat ing 
the  rudders .  The exper iments  on 1~.26 were conducted  at  a stage 
when experience of full-scale requi rements  was relat ively limited, 
a nd  the advisabi l i ty  of clamping the rudders  had  ye t  to  be 
apprecia ted.  The assumption was also made t h a t  the angle of 
the  rudders  was the same as t ha t  oa  the indicator  in the forward 
car .  Whilst  the  results of the turning trials on  1%.26 are open to 
the  errors associated with helm control  (though, owing to  the 
reduced  length of cable, p robab ly  to a less ex t en t  t h an  on R.33) 
and are consequent ly  of doubt fu l  accuracy  for purposes of s tabi l i ty  
comparison with values f rom model,  i t  is t hough t  t h a t  t h ey  define 
sufficiently closely the turning performance of the  23 Class of 
:airship f rom the s tandpoint  of design. 

1%EDUCTION OF T H E  OBSEI~VATIONS.  

Turning  Tr ia ls . - -Methods  for  the reduct ion  of the various 
trials have been fo rmula ted  in some detail  in 1%. & M. 668 with 
reference to  exper iments  on 1~.33. I t  is shown there  t h a t  the 

* Throughout the report ~ denotes the current value of air density. 
The values of p for the flights reported on are as follows : -  

Nov. 20th, 191.8 . . . . . . . . . . . .  p = 0.00245 slugs/ft. 8 
Jan. 23rd, 1919 . . . . . . . . . . . . .  p = 0.00250 ,, 
Jan. 24th, 1919 . . . . . . . . . . . .  ~ = 0.00251 ,, 
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radius R of the turning circle for any given rudder setting is 
sufficiently accurately given by 

R = V / ~  . (I) 
where V denotes the speed in feet per second as measured on a 
flying head suspended from the forward car, and where + denotes 
the angular velocity of the Mrship during the turn, in radians 
per second. The quanti ty + is readily derived by measurement of 
the slopes of lines specifying variation of compass reading with 
time. 

Deceteratiart Tests.--For the reduction of the deceleration trials, 
it is convenient to utilise a graph connecting the reciprocal of the 
forward speed during deceleration with the corresponding tinles. 
(Fig. 4.) Over ranges where the head resistance varies as the 
square of the speed, the observations so plotted fall on a straight 
line, whose slope S determines the non-dimensional resistance 
coefficient C in the following terms : -  

MS 
c = - -  (2) 

p l  2 " 

where M denotes the mass of the airship, and l the cube root of 
the volume. In  this approximation the effects of acceleration 
upon resistance are neglected, pending more precise informatior~ 
on the allowances for virtual mass. 

If the airship is assumed to be in equilibrium in air whose 
density is p, it follows that  M = pl a, whence :-- 

C = 1S (3}. 

DISCUSSION OF RESULTS. 
Turning Trials.--The observations of compass angle taken ~ 

with the rudders m~intained at various angles by use of the 
forward control wheel are plotted in Fig. 2. Corresponding with 
each turn the  mean angular velocity ~, expressed in radians per 
second, has been calculated from the diagram, and tabulated in 
Table 2. The angle of yaw was not observed. 

During each turning experiment all engines were running at 
1,200 r.p.m., corresponding with a forward speed 58.9 ft/see., 
when the rudders were amidships, and with a speed 56.4 ft. per 
second for rudders at 18 ° starboard. I t  is of some interest in this 
connection to compare the reductions of forward speed brought 
about by turning at various rotationM speeds of the engines for 
airships of Classes 23 and 33. 

AIRSI-IIP I~.26. 

All Engines 1,400 r.p.m. All ]']nginos 1,200 r.p.m. 
Engine r.p.m. (From R. & M. 537.) (Pr,~s,:nt R~'p(,rt.) 

Angle  of rudders  ! 5°S 1O°S 15°S 15°P Amidsh ips  18°S 

Speed, f t / see .  
| 

67-2 66 .6  66 .2  64.3  58 .9  56 .4  
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AI1%SHIP 1%.33 (From 1%. & M. 668). 

I 
Engine r.p,m. No. 1 stopped 2, 3, 4, 5 ] ~t 1,800 r.p.m. All Engines 1,200 r.p.m. 

I 

Angle of rudders ! 

Speed, ft/sec . . . .  

5os 5op 10oP 15op .]. 5°S 10os 5op 10oP 15.5op 

65.5 64.9 58.6 56.4 [ 48.9 45.5 48.4 46.0 44.0 

Examination of these figures shows that  the reduction of 
forward speed due to turning at any given engine speed is relatively 
greater with the later class of airship. In the e~se of R.26 the 
reduction of forward speed appears to be in general of the order 
2 per cent., per 10 ° of rudder angle ; whilst with the stream-line 
shape (1%.33) the corresponding reduction amounts to as much as 
10 per cent. 

In Table 2, the values of diameter of turning circle and the 
corresponding turning coefficients* are calculated for the four 
turning trials carried out, viz., 12 ° and 18 ° port and starboard. 
The table includes values derived from a number of similar experi- 
ments which were reported upon in R. & M. 537. 

Owing to the short time available for the trials, it was impos- 
sible to carry out the turns at more than a single speed for each 
rudder angle; the speed effect upon diameter of turning circle 
thus remains somewhat uncertain. I t  has, however, m the 
ease of 1%.33 been shown (see 1%. & M. 668) that  the variation 
of diameter from the me£n with speed for turns at the higher 
rudder angles is relatively small, amounting to not more than 3 per 
cent., for rudders at 10 ° or 15 °, and to about 7 per cent. at 5 ° 
rudder. The effect of speed was found to be even less on R.29, 
whose hull was designed to include a great proportion of cylindrical 
body, in common with E.26. I t  is legitimate to infer that  the 
speed effect upon diameter of turning circle cannot be pronounced 
in the case of 1%.26. 

The results of the present turning trials and those available 
from 1%. & M. 537 have been collated in the form of a curve repre- 
senting for the 23 Class the variation with rudder angle of the mean 
turning c3efficient (see Fig. 3). An analogous curve corresponding 
with airships of Class 33, has been added to the diagram. 

In facility of turning it is seen that  the 1%.33 Class show, *.- 
very marked advantage, inasmuch as for rudder settings between 
5 ° and hard over the mean turning coefficients range between 
0.39 and 0.57 of the corresponding values obtained with airships 
of 23 Class. Unfortunately, extrapolation of the curves of Fig. 3 
over the region of small rudder angles cannot be at tempted with 

* The turning coefficient for any particular rudder setting on an Mrship 
is defined in R. & M. 668 as the diameter of the turning circle divided by 
the length of the airship. 
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confidence, owing to the possible appearance in this neighl)ourhood 
of an appreciable speed effect on turning diameter .  F ro m  the 
s tandpoin t  of s tabil i ty it is regret table  tha t  t ime was not available 
for  some invest igat ion of the behaviour  of 1~.26 when the rudders  
were amidships and at  small angles. I t  is, however,  not  un- 
reasonable to ant ic ipate  f rom the general divergence of the two 
curves of Fig. 3 a t  the smMler rudder  angles, the greater  s tabi l i ty  
of the earlier class airship. 

Decelerations, Experiments.---Two decelerat ion tests  were made  
on the flight of i lanuary  24th, the observat ions t aken  being p lo t ted  
in Fig. 4. 

(?~)rreslmn(ling with the two trials, the  values of S and C, a s  
calculated by the me thod  described on page 188, are as h)lh)ws :~-- 

L S. 

I 
E x p t .  53  . . . . . .  ' 2 - 4 4  × 10 -4 
E x p t .  5 b  . . . . . .  2 . 4 0  × 10 -4 

C. 

0 . 0 2 4 9  
0 . 0 2 4 5  

Thus the values of C der ived f rom these two exper iments  
differ front the mean  value (', ---0.0247 by  not  more than  I per 
cent. ,  and it, is th(mght  tha t  this figure should be considered more 
rclial)le tha:l  the cc.c4ficient ('. := t)-022 quoted  in R. & M. 537. 

I t  will be w,>ticed that at the lower speeds the slopes of the 
curves in Fig. 4 become more steep, t t tough the change depends 
upon ,,>no or two observali(m~, and cannot  be regarded  as estab- 
lished. (hl rvature  in this (lirccti<m would be expected  if a speed 
effect were present,  and all fu r ther  decelerat ion tests  conducted  
will be cl()s(dy exandncd for such a result.  At present  there  is nv 
evidence of a consistent  depar ture  f rom a s t ra ight  line. 

A full discussion of the significance of these results in the  
predic t ion of the resistance of an airship of 23 Class front  da t a  
available f rom exper iments  o~1 a model  is given in 1~. & M. 619. 
In  the repor t  quo ted  it  is shown tha t ,  whilst the resistance, 
predic ted  f rom models amounts  to  1.2 t imes the vMue de te rmined  
by decelerat ion of the actual  airship, the discrepancy can be 
accounted  for by  the behaviour  of the " scMe-effect " curve fee 
the model  of the  lmll, which exhibits  an appreciable slope at. the  
highest wind channel values of Vl. 

Forward Speed for Various Engine Combinations.--A few 
measurements  of speed were made, with the engines running  
under  various conditions. These figures, which are added for 
purposes of reference in Table  3, are not  sufficiently complete,  
however,  for any  serious a t t e m p t  at  speed predict ion ou the 
basis sketched in It .  & M. 668. The  highest observed speed 
was 70 I t /see.  This table also contains the speeds recorded in 
P~. & M. 537. 
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In  the case of various combinations of engines running at a like 
speed three types of speed observation are comparM)le, viz., those 
taken with all engines running at 1,400, 1,300 and 1,200 r.p.m. 
For combinations of this type the following table has been com- 
piled :-- 

ALL ENGINES RUNNING AT A L I K E  SPEED (N). 

Value of N. j Mean Forward  Speed V 
r : p . m . .  ! (ft/'see.). 

i 
1,400 6 9 . 0  
1,300 64 .3  
1.200 5 8 . 9  

Mean V/N.  

0 . 0 ¢ 9 2  
0 " 0 t 9 4  
0 ' 0 4 9 1  

I t  is shown in 1%. & M. 668 tha t  these vMues of V/N shouM be 
constant over ranges where the head resistance varies as the 
square of the forward speed. The conclusions to be drawn fr(m 
the above figures are thus in good agreement with what may be 
inferred from the linearity of the deceleration curves. 

Distribution of Velocity below Forward Car.--An opportunity 
was taken at the close of the last flight to make some measurements 
of speed at various distances below t'he forward car. The increase 
Of speed locMly over the true forward speed was found appreciable 
when the suspended length of tubing to the flying head was h2ss 
than 25 ft. ; this ir~erease amounted approximately to 9 per cent. 
of the true forward speed when this distance was reduced to 5 ft. 

The writers wish to express their indebtedness to Major W. 14. 
Watt ,  the Commanding Officer of g.26, for his skill and judgnlent, 
and for the numerous facilities he offered in connection with the 
experiments; also to all officers and men who assisted in the 
navigation of the airship. 

Captain S. E. Taylor and Captain (7~. F. Meager co-operated 
closely with the N.P.L. representatives, and assisted in taking 
observations. Acknowledgment is also due to Mr. L. F. G. 
Simmonds, B.A., of the N.P.L. Staff for his assistance on the 
flight of December 22nd, 1918. 
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APPENDIX. 

M E A S U R E M E N T  O F  A I R S C R E W  T H R U S T .  

After  A i r s c r e w . - - F o l l o w i n g  a discussion wi th  Dr. Stanton,  ar rangements  
were made  to inves t iga te  the  dis t r ibut ion of pressure difference across the  
disc of the  after  airscrew. 

The me thod  of th rus t  measurement  proposed by  Dr. S tan ton  (R. & M. 
460), consists in der iving air th rus t  grading curves by  measuring along a 
typical  radius, by  aid of a pair of p i to t  tubes, the  dis t r ibut ion of difference 
of to ta l  head between the  inflow and outflow sides of t he  airscrew disc. If  
(Pl + PVI*/2), (p + pV22/2) represent  the  vMues of to ta l  head as measured 
b y p i t o t  tubes A, B, suppor ted  ill close p rox imi ty  to the  airscrew disc a t  a 
common radius r f rom the  shaf t  on the  inflowing and  outflowing sides 
respect ively,  then  the  difference observed a t  each point  amounts  to (Px -- P~) 
+ }~(V12 - V~2), wbich under  the  ordinary  hypothesis  of t heo ry  t h a t  the  
column of air passes th rough  the  screw wi thou t  change of velocity,  reduces 
to (p, - P 2 ) .  Denot ing  by  D the  d iamete r  of the  airscrew, the  noa-  
dimensionM thrus t  coefficient is readi ly  der ived as the  area  of t he  g raph  
obtained by plot t ing the  q u a n t i t y  (2~/~V 2) x (r/D) × (px --p~) on a base 
of r /D .  In the  exper iments  on the  model  quoted  i t  was shown t h a t  t.he 
total  head (p~ + pVl~/2) did not  v a r y  appreciably  in the  inflowing s t ream,  
and it  was consequent ly  assumed t h a t  for the  purposes of th rus t  measure-  
ment  it  would be sufficient to  main ta in  the  pi tot  tube  " A  " clam~ped 
forward of the  airscrew at  some convenient  posit ion th roughou t  the  
exper iment .  

Fixed  P i to t  Tube A . - - F o r  the  full-scale experiments ,  a p i to t  t ube  " A " 
was fixed at  a poin t  which measured  8 ft. forward of t he  aixserew disc, 
6 ft. below the  bo t tom of the  keel and 4 ft. la tera l ly  f rom the  por t  side of 
the  af ter  car. A ler~gth of tub ing  served to connect  this head to the  suct ion 
side of the  Ogilvie pressure indica tor  in the  keel. (See Fig. 1.) 

Exploy ing  Pi to t  Tube B . ~ A  s t ream-hned  s t ru t  was lashed securely to  
a pair of keel-girders apt of the  airscrew, and projected ver t ical ly  downward 
some 7 ft. below the  keel in to  the  sl ipstream. (See Fig.  1.) 

A length  of copper  tubing, gripped to  the  leading edge of the  s t ru t  by 
a pair of rings fi t ted on the  upper  par t  of the  strut ,  was bent  a t  its lower 
ex t r emi ty  to const i tu te  the  exploring p i to t  tube  " B,'" and was connected 
a t  its upper  ex t r emi ty  within the  keel by a length  of rubber  tub ing  to the  
pressure side of the  indicator.  The  const ra in t  of the  rings was such t h a t  

• the  copper tube  wi th  its p i to t  head could be made  to slide vert ically.  I t  
was possible by  this means to t rave l  the  head parallel  to the  ver t ica l  
exploring radius of the  airscrew disc, f rom an ex t reme position corresponding 
with zero radius from the  airscrew axis, to wi thin  8 ins. of the  b o ~ o m  of 
the keel (neighbourhood of t ip of airscrew). The m o u t h  of the  exploring 
tube  was ~n all positions s i tuated 3 ft. behind the  airscrew disc. 

A ~zidships and Forward  A~;rscrews.--A number  of observat ions of pres- 
sure difference were also t aken  at  the  amidships and forward pairs of 
airscrews, bu t  only  wi th  the  p i to t  tube  " B " c lamped a t  0 .7  of the  airscrew 
radius in each case. Observat ions were t aken  in this manner  in view of 
the  ve ry  l imited t ime at  disposal ; the  pre l iminary  observat ions on model  
airscrews gave hope t h a t  i t  might  be possible to de termine  the  th rus t  f rom 
such measurements ,  bu t  the  me thod  was u l t imate ly  found to be not  
capable  of general  applicat ion.  

I t  is hoped t h a t  these  isolated observat ions m a y  even tua l ly  prove 
useful for comparison wi th  model  results, should the  la t te r  become available.  
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Analysis of the Results.--The observations taken are reproduced in 
"Fables 4, 5, Fig. 5, and the results may be summarised under the following 
headings : -  

AFTER (FARRINGDON) AIRSCREW. (Table 4, Fig. 5.) 
(a) November 20th, 1918.--Five measurements of pressure difference 

corresponding with r/D ---- 0.35 and V/nD = 0.260, 0.229, 0.221, 0.218. 
These points are found to be consistent with values estimated from experi- 
ments with a -~-th full-sized model of the airscrew, in the presence of a 
model keel and radiator. (See Fig. 6.) The port amidships engine was 
,not running during these experiments. 

(b) January 23rd, 1919. 9.10 a .m.- -~easurement  of pressure distri- 
bution over the tabulated range of values of riD, for V/nD = 0-314. This 
curve, on integration, gives a thrust  coefficient T c = 0-14 which is less 
than half the value (T o = 0.385) to be expected from the model experi- 
ments. (See Fig. 6.) All engines were running satisfactorily. 

(c) January 23rd, 1919. 9.45 a .m. - -A set of observations corresponding 
with riD = 0.35, V/nD = 0"31~, leading to a point compatible with the 
model experiments. Port amidships engine not running. 

(d) January 24th, 1919. 9.15 a.m.--Experiments  with riD = 0.35, 
V/nD = O" 342, furnishing a point markedly lower than the prediction, but  
confirming measurements immediately following. (See section (e)). All 
engines running satisfactorily. 

(e) January 24th, 1919. 9.20 a.m.--Determinat ion of pressure distri- 
bution over a range of riD, for V/nD ---- 0.342. Results comparable with 
sets (b) and (d) but  differing notably from predicted values. All engines 
running satisfactorily. 

AMIDSHIPS AND FORWARD AIRSCREWS. (Table 5.) 

(fl In the case of each of the remaining airscrews, pressure difference 
was measured at r id  = 0.35 only, for two values of V/nD. 

No comparisons are at preseizt possible, since experiments with the 
appropriate models have not yet  been undertaken. 

The results of the experiments at the after airscrew, present anom- 
alous features, for which the writers have been unable to find any 
adequate interpretation. On reference to the summary of these obser- 
vations it is seen that  on the occasions when agreement with model pre- 
dictions was secured, the port amidships engine was not  running ; whilst 
with all engines rtmning normally, the full-scale values fell markedly below 
±he expected figures. 

I t  does not appear, however, that  any satisfying explanation is to be 
anticipated in the running performance of the port amidships airscrew. 

Two distinct effects at the after airscrew are possibly due to the slip- 
.stream from the port amidships airscrew. 

(1) The inflow velocity may be augmented appreciably above the 
forward speed of the airship, as measured by the flying head. Under such 
.conditions the tabulated full scale values of V/nD are too low. 

I t  appears, however, that  the increase of speed to be expected due to 
the slipstream from the port amidships airscrew is insufficient altogether 
to account for the observed discrepancies. The distance between the two 
airscrews was approximately 11 diameters of the amidships airscrews. 

(2) The slipstream effect may be very local, and, whilst not changing 
the  overall inflow velocity at the after airscrew, may increase the datum 
head in the upstream pitot tube " A," which was fitted on the port side 
of the after car. 

The increase of speed required (about 70 ft/set.) appears, however, far 
in excess of what might be expected from the amidships airscrew ; under 
,these circumstances this explanation is untenable. 
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I t  is t h o u g h t  urtlikely t h a t  t he  errors were in t roduced  owing to a leak 
in a connect ing  tube,  since the  exper iments ,  in chronological  sequence,  
furnished a l te rna te ly  the  high and  low figures. 

The writers submi t  the  results quoted  in the  Append ix  wi th  cmlsiderable  
diffidence. W h e n  measuremen t s  of this na tu re  have to be unde r t aken  in 
a very  l imited t ime i t  is difficult to take  cognizance of all c i rcumstances  
likely to  affect any  given exper imen t  ; i t  is a m a t t e r  for regret  ~hat fur ther  
exper iments  could not  be ar ranged on ano the r  airship of this  class, 

The importa~me of es tabl ishing this  m e t h o d  of t h r u s t - m e a s u r e m e n t  
canno t  1)e over-es t imated,  since sa t i s fac tory  results  would eventua l ly  
provide  figures for head-res is tance i n d e p e n d e n t  of any  al lowance for 
" vir tual  mass ."  

TABLE 1. 

V A I ~ I O U S  P A t ~ T I C U L A R S  O F  A I I ~ S K I P  1%.26. 
Hull. 

L e n g t h  . . . . . . . . . . . . . . . . . . . . .  535 feet.  
Max imum d iamete r  53 ,, 
Gas bags, 18 in number ,  wi th  a to ta l  capac i ty  of 985,000 cu. ft. 
Total  d i sp lacement  of airship . . . . . . . . .  1,054,000 ca. ft. 
Gross lift a t  N .T .P  . . . . . . . . . . . . . . . .  28 tons.  
Disposable  lift, abou t  . . . . . . . . . . . . . . .  6 tons.  

Power U~zils. 
[ :orward c a r . - - O n e  250 h.p. Rolls Royce engine, dr iving two four-bladed 

" Integral  " airscrews of d iameter  10.04 ft., bo thf iwive l l ing  Ship 
control led f rom forward pa r t  of th is  car. 

Amidships  c a r . - - T w o  250 h.p. Rolls Royce engines, each dr iving one 
four-bladed " Beardmore  " airscrew of d iamete r  11.08 it .  

Af ter  car. One 275 h.p.  Rolls Royce engine, dr iving a two-bladed  
[;arringdon airscrew of d iameter  13.54 ft. 

Gearing of Airscrews. 

Forward gear ratio . . . . . . . . . . . .  

Amidstfips gear rat io . . . . . . . . . . . .  

After  gear rat io . . . . . . . . . . . .  

Stabilizing Surface. 
Vertical Surfaces. Top fin . . . . . . . . .  

Bo t t om fin . . . . . .  

Top rudder  . . . . . .  
Bo t t om rudder  ... 

Total  ... 

820 
. . . . . .  1,600 

1,000 
. . . . . .  1 , ( J 0 t )  

] ,024 
. . . . . .  1,6t~) 

725 sq. I t . \  1,339 sq. f t .  
6 1 ~  , ,  f 

2 4 0  ,, \ 4 5 e  
2 1 o  ,, f " 

. . . . . .  1 ~ 7 s 9  ,, 

Horizontal Surfaces. Fins,  700 sq. it .  each ... 
Elevators ,  240 sq. i t .  each 

Total  . . . . . .  

. . .  1 , 4 0 0  s q .  f t .  

. . .  4 8 0  , ,  

... 1,880 ,, 
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TABLE 2. 

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

E s t i m a t i o n  of D i a m e t e r  of T u r n i n g  Circles. 

Exper i -  
ment, 
NO. 

Angle of 
Rudders .  
(Degrees. 

I 
2 
3 
4 

Figures" 5 ° stbd. 
from i 10 ° stbd. 

12 ° stbd. 
12 ° port. 
18 ° stbd. 
18 ° port. 

R. & M. 15 ° stbd. 
537. i 15° port. 

i 

Engine 
Speed. 
(r.p.m.) 

All 1,200 
Do. 
Do. 
Do. 

AH 1,400 
Do. 
Do. 
Do. 

Augular  
Veloci ty 

(gadians 
psr see.) 

0.0167 
0.0161 
0" 0200 
0.0181 

Approx.  
Speed 

V 
(Ft. per  

sec.) 

57"6 
57"6 
56"4 
56 '4  

67"2 
66"6 
66"2 
64"3 

Diameter '! l  
of Tunfiug,~ Turning  

Circle. | Coeffi. 
(Feet.) / cient.  

7,700 14.4 
8,000 15.0 
6,300 11.8 
6,900 12-9 

15,780 29.5 
9,380 17.5 
6,900 12.9 
5,075 9.5 

Angle of 
Yaw at 
C.G. of 
Airship.  
(Degs.) 

1.5 
3.3 
4.0 
3 . 9  

* 2 v l 4 , .  

.... TABLE 3. 

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

r .p.m, of Engines .  Forward  No. of Mean* 
Expt. ' Speed [ Obser- Speed 

No. Date .  For- ] Stbd.  Pe r t  Aft. V w~tions V 
ward• ] Amids.  Amids.  ] F t / sec .  Speed. Ft/se(:.  

- i t 1. i o 3.  4 .  o f  , 

6 Jan.. 23. 1,400 1,500 1,500 1,500 68.2 15 68.2 

7 
8 
9 

10 

" 11 

Jan. 24 

F r o m  
R . & M .  

537. 

141312 Jan, i 124 

15 " Jan. 23 
16 / ,, 24 

• Apr. 22 
1918. 

1 ,40011,400 
,, ,J 

'J i ' '  
J, ,, 

1,400 1,300 

1,300 1,300 
1,200 1,200 

1,550 1,650 

1,550 1,65g 
1,550 

1,, )O 

1,i )0 

0 
1,200 

1,650 

1,650 
0 

1,400 70.0 
, ,  69.6 
~, 69.0 
,, 66.4 

1,300 65.8 
64.6 
64.3 

,, 63.9 

1,3oo 
1,200 / 58-9 5 

1,600 - -  - -  

0 _- 

~ 6 9 . 0  

58.9 
58.9 

76.5 

62.5 
39.3 

* The mea~a speed, when several  se ts  of observa t ions  for one type  of engine combina-  
t ion  are avai lable ,  is  ca lcu la ted  as the summed  products  of speed and  number  of obser. 
vat ions ,  d i v i d e d  by  to ta l  number  of observat ions .  



TABLE 4. 

" ' " '  ) "~ A T  ' ' ~ ~ *  E X I ' L ( ) I C A T I ( ) N  ( ) t '  P I C E S S U R ,  E I ) I S T R I B U ] [ (  X A F T E R  A I R S ( I C E ' S .  

No. of ! 
E x p e r i -  ] ) a t e  a n d  T i m e  of V~lue  of 
m e n t .  E x p e r i m e n t .  r / D .  

17 7.48 a.m. (Nov. 20) 0.35 
18 7.49 a.m. (Nov. 20) 0.35 
19 7.58 a.m. (Nov. 20) 0 ' 35  
20 8.16 a.m. (Nov. 20) 0.35 

21 8.25 a.m. (Nov. 20) 

9.10 a,m. (Jan. 23) 

0"35 

0"00 

t 

D i f f e r e nc e  F t / s e c .  M e a n  of T o t a l  F o r w a r d  V a l u e  of  M e a n  V~flue 
H e a d  Sp~red 2~ r 

(pL.b~/ft,~!. ~W × ~ × ( , . - p ~ )  of v ~,D 

P 
9"18 
8"90 
8"27 
6-53 

6.53 

50"4 
50"4 
49" 1 
42"2 

4 2 . 2  

Mean 

3"24 
3"15 
3-08  
3 "30 

3 "30 

0 .000 

0 .229 
0.221 
0-218 
0 .260 

0" 260 

0 ,314 

T h r u s t  
Coe t~ieient. 
Fu l l  Scale.  

m 

0"14 

T h r u s t  
Coefficien~ 

a t  s a m o  
V/nD 

(Mode l ) .  

0"6 
(approx.) 

0.385 

R e m a r k s .  

Por t  amids, engine 
not  running. 

engines running All 
as normally.  0 .15 - -1 .92 

0 .15 --1.64? 
0 .22 + 3 . 5 8  
0.22 3 .53 
0- 29a 2 .66 
0. 295 2* 80 
0-35 3 .85  
0.35 3 .85  
0.35 3 .85 
0.37 4.20 
0"37 3 .69 
0.37 4 .20 
0-44 2 .56 
0 .44 2.41 
0 .48  1.76 

68.2 - 0 . 1 5 4  
- 0 . 1 3 1 ?  
+ 0 . 4 2 8  

0. 422 
0- 425 
0. 446 
0. 730 
0. 730 
0 .730  
0. 842 
0 .738 
0. 842 
0-612 
0. 580 
0. 468 

* F o r  N o t a t i o n  see  t e x t  ( A p p e n d i x ) .  
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F/~. 2. 

EXPERIMENT,5 oN. R. 26. 
~./RN/NG T~/ALS. 

X " 
\ 

\ 

+ 5 /8"Stb d- 5 6 . 4  

. I I-2~ " 57.6  
x 4 18°Fbt-t ' 56 .4  
a 2 12 ° .  57 ,6  

~ 0  

IO0 20O 50O 

J ~ u d d e r J  

12 ° P o r ~  
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, ~ X P E R / M E N T 5  oN ,l~, Z 5  

VALUES oF ?-URrW NG COEFrZC~EN T. 

40 

E 

lO 

Tbrn~ to ~tarb( ?re~,t P-pt 
. . . .  P o r t ,  ~ " 

® ,, , 5 t a r b W - ,  ~ ' . ~M .  ~ 3 7  

(9  " " Port, . . . .  

r ' /  " 

ot 
0 

L ___J__ 
S tO 

Rudder  Ancj~~__~__~_J: 
/5  
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F~XPE~IMENT,5 o~ R. 26. 
DECELERATION T~sT~. 

F)~. 4. 

0"0 

0.( 

o~ 

J 4:1o~ 

O'C 

I 

';I # 

# 

/=/- 9"" 

Mean 5/ope 5 = 2-42 x/(9-4" 

0 50  

~/,~z ~/~o ,~-~ 77me O e ~  2 

I00 /50 



EXP  /M rv7",  R.25. 
1THrusT ~oIN~ Curev~.~ { ~  f~meA~DOr¢ A~scRE~ 

t-,o- . . . .  

,e 

&, 
X 

Ul 

e ...... /7-2/ Nov. 

+ . . . . . . . .  6 J o n .  23 
. . . . . . . . .  15 Jon. 2~ 

e ...... _.9 Jan. Z4 

. . . . . . . .  ~ d ~ n .  z4 

9,/Oa.m. 
9,4sa.m. 
920a .m . 
9 .  fS  a .m.  

......... Model a i ~ w ,  w¢'£,h car, 

- - - -  ..-?,.~,.~r~ = o.2~ 

e --- ~ _ ~  = 0"229 

(Por£ Arnf 'dah~,  b.~Ot'nc 
r .n~i , ' ,9) .  " 

I 

t 

. . . . . . . . . . . . . . . . . . . . . . .  i 

= 0"315 

Amicts, Ending 
n o t  runHing).  

: O.~,~a (f4~.,~J). 

% o 't o.s+ 2 

01 
k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O,Z 0.3 0,'~ 

Ra£io oF Rad/u~ to D i a m ~ F  oF Ai,,",4"c~,,(r,,/D.~. 

0"5 
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~XPERIME,~IT5 ON R.  ~ 6 .  

ABSOLUTE TH~U~F COE'Ff'iO~-NT ,~o~ MODEL oP Ar-'rE~ AI~SC.eEW. 

wi~h ~ 1 / f e d  ~ roof~at'or 
for ~ 0  " 0.548 on 9 .  

5ce1¢ of Moctel ~ Full 5ize. 

0-I 

0.2 0"3 
i ............. ! 

~/uea aF ~./nD 

0.5 0.6 

_1 

_1 
0"7 



No. of 
Experi- Date and Time of 
ment. Experiment. 

I5 

13 

T~LE 4 (con~.). 

Value of 
~/D. 

:Difference 
of Total 

2~Iead 
(pl -- p.-). 
Lbs/ft% 

~lean 
Forward 

Speed 
V 

Ft/see. 

PV ~2~r rValue of 
x D x (p, -- p~). 

Mean Value 
of V ]nD. 

Thrust 
Coefficient. 
~ 1  Scale. 

Thru st 
Coefficient. 

at same I 
V ]nD Model. 

Remarks. 

9.45 a.m. (Jan. 23) 

9.15 a.m. (Jan. 2~) 

9 9.20 a.m. (Jan. 24) 

0-35 

0 .35  

0 .00 
0.11 
0.15 
0 .15 
0. 185 
0- 186 
0. 185 
0.22 
0.22 

8"08 
7"86 
7"04 
6-64 
6"64 
Mean 
7.25 

3 "22 
2"41 
2"67 
2" 93 
3 .22  
2"98 
2-93 
Mean 
2-91 

- -2 .00  
- -0 '  16 
--0" 16 
+ 0 . 8 3  

0 .48 
0-83 
1.76 
1 . 3 6  

58"6 
58"6 
59" 1 
59" 1 
59"2 

Mean 
58.9  

65"3 
63" 8 
62' 9 
64"0 
63 "3 
65"3 
65 "3 
NIean 
64.3 

69"0 

Mean 
I. 83 

~lean 
0.615 

0" 000 
--0" 109 
- -0 .012  
- -0 .012  
+0 " 0 7 9  

0"045 
0.079 
0 '  198 
0" 157 

0.315 

O .342 

0.342 

0.385 

0"345 

0-345 

P o r t  amids ,  engine 
no t  running.  

All engines runn ing  
as normally.  

All engines running  
as normally.  



No. of l 
Experi- I 
merit. 

TA~L~ 4 (contd.). 

Date and Time of 
Experiment. 

0.20 a .m.  (Jan .  24) 

Value of 
riD. 

Difference 
of Total 

Head 
(Pt -- P2). 
Lbs fit 2. 

Mean 
Forward  

Speed 
v 

Ft/see. 

i 
Vahm of I ' 3Ieau Value 2~ r i 

pV~ X ]) X (pi--p~).i of V/nD. 

[ 

T h r u s t  Thrus t  
Coe ftleient. Coe ttlcient 

a t  S &llqC 
Full Scale. V / n l )  Model.i 

0 . 2 6  
0 . 2 6  
0" 295 
0" 295 
0 -33  
0 .33  
0 . 3 5  
0 . 3 7  
0 .41  
0 . 4 4  

2 .87  
3 . 2 2  
2 .89  
2 . 6 8  
3 . 5 2  
3 . 5 2  
3 . 5 2  
3 . 5 2  
3 . 5 2  

--0" 82 

69"0 0 .385  
0 .346  
0. 439 
0. 408 
0 .614  
0 .614  
0" 653 
0. 689 
0 .751 

- - 0 . 1 8 7  

0 .342  
i 

0" 345 

Remarks. 

All eng ines  r u n n i n g  
as  norm,Mly, oo 
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T A B L E  5.  

PRESSURE DISTRIBUTION AT AMIDSHIPS 
FORWARD AIgSCREW. 

Value of r/I) was chosen 0.35 in each case. 

AND 

No. of 
Exper i -  

lnen t .  

12 

12 

X0 

10 

14 

14 

i ! Difference ' 
Date  and; o f  Total Forward 
Time of of i J-Iead Exper i - [  ParticularSAirscrew. ,! Sp~ed 
ment .  [ ' (Pt -- P2). I F t / s ec .  

an. 24  S t b d .  a m i d s .  
D o .  
D o .  

Port. amids. 

Do. 

Do . . . .  

Stbd. amids .... 

Do . . . .  

Do . . . .  

Port amids .... 

Do . . . .  

Do. ... 

Stbd. iorward ... 

Do . . . .  

Do . . . .  

Do . . . .  

. . .  8 . 1 9  

. . .  7 . 9 8  

. . .  8 . 0 8  

. . .  6 - 8 1  

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

P o r t  forward . . .  
D o  . . . .  
D o  . . . .  
D o  . . . .  
D o  . . . .  

S t b d .  f o r w a r d  . . .  
D o  . . . .  
D o  . . . .  

P o r t  f o r w a r d  . . .  
D o  . . . .  
D o  . . . .  

4 " 1 2  
4 " 5 6  
4 " 2 6  
4 " 1 2  
4" 68 
2 " 1 8  
2 " 1 8  
2 ' 1 8  
4 " 2 6  
4 ' 4 8  
4 " 4 8  

Value  of 
27r r 

pv~ x D 
x (p~ -- p~). 

Mean Mean 
6 4 . 6  1 . 7 0  

Mean Mean 
64.6 I- 42 

M e a n  Mean 
66" 4 1 . 9 3  

Mean Mean 
6 6 - 4  1 " 7 4  

Mean Mean 
6 3 . 9  0 . 2 4  

M e a n  M e a n  
63-  9 O" 89 

Mean Mean 
69.6 O. 40 

Mean M e a n  
69-6 0"80 

Mean 
Value of 

V InD. 

0 .  430  

O- 430  

0 . 4 1 2  

0 . 4 1 2  

0 .  530  

0 '  5 3 0  

0 - 5 8 0  

0 .  5 8 0  


