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W I N D A G E  E X P E R I M E N T S  W I T H  A M O D E L  OF T H E  
R O T A R Y  E N G I N E  B . R .  1. 

B y  A. F A G s ,  A . R . C . S c . ,  ~ a d  H .  E .  COLLINS. 

Reports and Memora~ida, No. 448 .  May, 1918.  

SU~I~,IARY.--(a) Introductory. (Reasons for inquiry.)--The p r e s e n t  
expe r imen t s  were m a d e  a t  t he  r eques t  of the  Techn ica l  D e p a r t m e n t  of 
t he  Air  Min i s t ry  to  o b t a i n  d a t a  f rom which  to  cMculate  t h e  windage  losses 
ill f l ight of tile B.R.  1 engine  m o u n t e d  on  t he  Sopwi th  " Camel ."  

'Vile dependence  of tile windage  horsepower  oil t i le a rea  of t i le c i rcular  
open ing  ak ti le f ron t  of the  cowling at t h e  o rd iua ry  condi t ions  of f l ight  
was also inve: ; t igated.  

Final ly,  t he  model  engine  was t e s t ed  u n d e r  condi t ions  s imi la r  to  e rase  
of the  t e s t -bed  expe r imen t s  a t  t h  9 Roya l  Ai rc ra f t  E s t a b l i s h m e n t .  

(b) Range of tnvestigaXion.--The exper iment~  were m a d e  in  No. 1 7-ft .  
chaum' l ,  t h e  scale of t he  n lode l s - - eng ine ,  cowling, airscrew, a n d  b o d y - -  
beimz one- th i rd .  T he  m e t h n d  of measu r ing  t he  windage  to rq tm is g iven  
ia  deta i l  in  l ( cpo r t  T. 1153. l , ;xper iments  were m a d e  w i t h  t he  eng ine  
r , , t a t ing  (1) ill a u id iorn l  wixld, (2) in  no  wind,  w i t h  a n d  w i t h o u t  the  a i rscrew 
ro ta t ing ,  (:t) iu a u n i f o r m  wind,  w i t h  a n d  w i t h o u t  t h e  a i rscrew ro t a t ing .  
In  all t h r ee  cases t he  windages  were measu red  b o t h  w i t h  a n d  w i t h o u t  
cowling, w i t h  the  engine  m o u n t e d  in  f ron t  of t he  body .  Tile v a r i a t i o n  of 
t he  windage  to rque  w i t h  the  a rea  of the  c i rcular  open ing  a t  t i le f ron t  of. 
t he  cowliJlg was i n v e s t i g a t e d  over  t he  wor ldng  range  of. (V/n)  where  " V " 
is t he  fo rward  speed of t he  m ach i ne  a n d  " n " t h e  r o t a t i o n a l  speed of the  
engine  or airscrew. I, 'inally, expe r imen t s  were m a d e  w i t h  t i le  eng ine  model  
u n d e r  cowl i t ions  s imi la r  to  those  of tile t e s t - b e d  expe r imen t s  a t  t h e  R o y a l  
Ai rc ra f t  ]Es tabl i shment .  

(c) C~,:zchtsions.--It was found  t h a t  the  cowling reduces  t he  w indage  
to rque  of t he  engine,  b o t h  w i t h  a n d  w i t h o u t  t h e  a i rscrew ro ta t ing ,  t i le 
wimlage  w i th  t i le cowling be ing  a b o u t  67 per  cent .  of. t h e  va lue  w i t h o u t  
t i le cowling. At  a n y  fo rward  speed t he  windage  of t he  engine,  b o t h  w i t h  
a n d  w i t h o u t  tile cowling, is r educed  w h e n  t he  a i r sc rew is m o u n t e d  (,i1 t he  
engine  shaf t .  T he  windage  losses when  c l imbing  a n d  for m a x i m u m  hori -  
zonta l  fl ight speed of t he  mach ine  are 15"4 I t .P .  and  24"5 H.P .  respec t ive ly  
a t  g r o u n d  level,  a n d  are g rea te r  b y  a b o u t  12 pe r  cent .  a n d  37"5 per  cent .  
t h a n  t he  values  ca lcu la ted  f rom expe r i m en t s  in  which  t he  fo rward  speed 
is zero. 

The  in te r fe rence  of t he  wings  on  ti le windage  t o r q u e  of t he  eng ine  is 
p rac t i ca l ly  negligible.  Smal l  changes  of t he  c i r cumfe ren t i a l  shape  of t h e  
cowling affects only  s l ight ly  the  windage  to rque .  If  t he  t r ans l a t i ona l  a n d  
ti le r o t a t i o n a l  speeds are  cons t an t ,  t h e  windage  lo~ses increase  fa i r ly  
r ap id ly  w i th  t h e  a rea  of t he  c i rcular  open ing  a t  t he  f ron t  of t i le cowling 
up  to a d i a m e t e r  of a b o u t  16 ins.,  above  which  t he  losses are no t  g rea t ly  
affected b y  t h e  a rea  of th i s  opening.  B y  a su i t ab le  a d j u s t m e n t  of t h e  
area  of t he  c i rcular  open ing  i t  is possible to  m a i n t a i n  the  windage  lo s se s - -  
a n d  also t i le  c o o l i n g - - c o n s t a n t  a t  all  f lying speeds.  The  windage  losses, 
fo rward  speed  be ing  zero, are  r educed  a b o u t  50 pe r  cent .  b y  closing t h e  
oDenines a t  t he  c i rcumference  a n d  a t  t he  b a c k  of tile cowling.  The  in te r -  
ference-of  t h e  t e s t i ng  t u n n e l  of t he  R .A.F .  on  ti le windage  losses is small ,  
w h e n  t he  engine  is t e s t ed  w i t h o u t  a n y  w ind  blast .  

{d ~, A~t)lications and f~rther developments.--.Experiments of a s imi la r  
nature are to be made with a model  of the B.R. 2 engine mounted in f ron t  
of a model  of t he  Sopw i t h  " Snipe ."  
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At the present time the windage losses of a rotary engine or~ 
ar~ aeroplane m flight are of uncertain magnitude, and accordingly 
the present experiments were made, at the request of the Technical 
Department of the Air Ministry, to measure the windage losses 
on a model of the B.R. 1 engine, mounted in front of a model of 
the Sopwith " Camel " body, when rotating under conditions 
similar to those of practice. _Am investigation was also made of 
the dependence of the windage horsepower on the areas of the 
circular opening at  the front and the air duet.s at the back of the 
cowling. Finally the model engine was tested in place ir~ a model 
of the engine testing tunnel of the Royal Aircraft Establishment. 

Descriptions of the models and of the method of measuring the 
windage to~vue.--Experiments were made in the No. 1 7-ft. channel 
on the B.R. 1 engine mounted ill front of the Sopwith " Camel " 
body, the scale of the models being one-third full size. The 
engine has nine cylinders, each of bore 120 mms., an overalt 
diameter of 42 ins., and develops 150 H.P. at  1,250 r.p.m. A 
photograph of the model engine, which was made at the Royal 
Aircraft Establishment, is given in Fig. 6. The model was mad,,, 
almost entirely of wood. To take the high centrifugal loading 
each cylinder head was made of aluminium attached by a long 
steel bolt passing through the ee~tre of the cylinder to a stee! 
ring in the crankcase. All the experiments were made with the 
engi~e mounted in front of the Sopwith " Camel " body. A sketch 
of the model body which has air duets at the bottom and at ttw 
sides is given in Fig. 2. A modified form of the body with air 
ducts at  the sides el triangular shape, as shown in Fig. 2a, was 
used ir~ some of the experiments. The model body was fitted 
with detachable wings. A sketch of the two-bladed airserew, 
Drg. No. A.]). 644, mounted on the Camel machine is given in 
Fig. 1. I t  will be seen that  the airscrew has a diameter of 
2,590 mms. and also that  the blade angles vary from 20 ° at the 
tip to 46 ° 40' at the boss. The shape of the model eowli~tg used 
in the experiments is shown by the sketches of Fig. 3. A larg~; 
part of the undersurface at the back of the cowling was cut away. 
To allow sufficient clearance between the valve rocker supports 
at  the head of each cylinder the cowling had a slight " bulge " at 
the circumference. The diameter of the circular hole at  the front 
of the model cowling was 9.65 ins., the diameter at the back where 
the at tachment to the body was made being 11~ ins. A second 
cowling of slightly different shape, of which a sketch is given in 
Fig. 4, was used ie. a preliminary experimellt. Experiments were 
Mso made to find the interference effect oll the windage measure- 
merits of a model of the R.A.F. engine testing tunnel. A sketch 
of this model which was made of tin plate is given in Fig. 5, from- 
-which it will be seen that  the overall length is 25.75 ins. and the 
diameters at the inlet and outlet 18.33 ins. and 12 ins. respectively. 

I t  is not proposed to give a detailed description in the present 
report of the method of measuring the windage torque of the  
engine. This method is of general applicability, and accordingly, 
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to facili tate future  reference, a full descript ion of tile appara tus  
:rod of the method (~f measuremerLt are given in a separate  repor t ,  
T. 115g, to wlfi(d~ reference should be made in the prcsm~t instance.  
It should perhaps be ment ioned t ha t  the electric motor  driving 
the model c~gi~w, was complete ly  encased ill the  mode! body,  and 
w~.-' ~upported i J1 such a mariner as to allow a slight roekil!g motiort 
about  :~t nxb.' parallel to the centre line of the ehamml. A spindle 
at ta~h, 'd  to the, cradle carrying the electric motor  was cmmected  
by a ~drut and " C " spring to the top  of the  channel bahmee, 
with whi,,,h the measuremmtts of the windage torque w('re made.  
The a irs~.r:'w was moun ted  ir~ f ront  of the model engilm on 
separ~t.e .~!mft, which was drive~ independent ly  frmu a second 
d('el.ri~' m ~ m '  mounted  on the  top of the channel.  The rota t ional  
spe(,([ ,,f thr~ a irscrew was kept  constant  by  a fre(tue~(-y muter  
woJ'kiav: f,',)m the airserew shaft.  

E:-:pclim(,uts were made with the engine ro ta t ing (a) in a 
uniform wi:u[, (tJ) ia ~to wind with and wi thout  the airscrew, 
(r) irt :.', ~t~il'm'm wired with the airserew rotat ing,  the values of 
(V/n)  i~(il).~ ,~;imib~r to tho:,'e of flight, where " V  " is t h(, forward 
Slwcd (,i' t l~,. ma(~hiae amt " ~ " the ro ta t ional  speed of t h(~ airscrew 
or ('md~". 1~1 all case>; tim ellginc was moult ted in freest of the  
body, and ihe cxperimertts were made with m~d without  the  
entit le ('owliug 

The v~Hq:~tioa~ of the wi~dage torque  with ehar~gc i1~ the area 
(~f the op(,nbtgs a t  the f ront  a~d a~ the back of the cowling, and 
ia the ( ' ir ,umferentia] shape, were also i~vest.igated. Fitta]ly, the  
i aterf(,ronee on the  windage torque of a model of the engi~m testir~g 
tumwl ()f the R . A . E . - - w i t h  no wind b las t - -was  measured.  The  
da ta  of the  tables at  the end of the repor t  are for the full-sized 
,~agim,. The wir~dnge torque,  Q ir~ lbs. /I t . ,  m a y  be calculated 
direct ly from the coetticieat (Q/pn") where p is the mass densi ty  
~[ the all' in slugs per cubic foot, and is equal to 0.00237 at  normal  
l omI)('rat.~re and pressure, and n the rota t ional  speed is expressed 
itt rev,, lu!ions per second. With  the values of (V/n) of the repor t  
the forward speed V of the machine should be measured in feet  
per se(~oltd. 

Disc~ssion of the results of the experiments.--The data  calculated 
from the exper iments  made  with the engine both  with and 
without  the  cowling, (1) when rota t ing i~ a uniform wind wi thout  
the airserew, (2) wher~ ia a wired, ro ta t ing at  the same speed but 
(hqa(dwd from the Mrscrew, a~d (3) when de tached from and 
rota t ing at  the  same speed as the airscrew wi thout  any  wi~d in 
the ehaarM, are given in Tables 1 and 2 and shown graphical ly 
ia Fig. 7. 

From a comparison of the curves of Fig. 7 it will be seen that 
the windage torque of the engine with the cowling, both with the 
airscrcw running and with no Mrscrew mounted, is about 67 per 
c ~ t .  o.~ that without the cowling. Also at any forward speed of 
the mnehine there is a blocking-up effect due to the a i r s c r e w ~  
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that  is, the windage torque, both with artd without the cowling 
is reduced when the airscrcw is rotating ia front of the e~lgine. 
The airscrew has, however, only a small blocking-up effect when 
the forward speed of the machine is zero. The most important 
curve of Fig. 7 is perhaps No. 4, which shows how the windage 
torque of the engine varies with the forward speed of the aeroplane 
and the rotational speed of the airscrew ~nd elxgine. The data of 
Table 5 give the windage horsepower of the engitxe, with awl 
without cowling, whel~ the machine is heh[ statiolmry olx the 
grouml, when climbing and at maximum horizontal flight speed. 
I t  will be seen that the windage horsepower of the engine at 
ground level at maximum horizontal flight--the value of (V/~z) 
is taken to be 8.45, that  is, when V ----- 120 miles per hour and ~ -- 
1,250 r .p.m.--and at climbing where (V/n) = 5-35 (V ----- 70 miles/ 
hour and n = 1,150 r.p.m.) are 24.5 and 15.4 respectively. The 
wiMage losses at these rotational speeds, calculated from experi- 
ments in which no airscrew was mounted and in which the forward 
speed of the machine was zero, are 17.8 and 13.8 H.P. respectively. 

I t  follows, then, that  the wirLdage losses of the engine at the 
maximum horizontal flight and at the climbing conditimxs of the 
machine are 37.5 per cent. and 12 per cent. greater than would 
be calculated from the ordinary test-bed experiments, with no 
wind blast. 

The curves of Fig. 8 were plotted from the data of columns 
4-7 of Tables 1 and 2, and show the variation of the windage 
torque (Q/gn 2) with (V/n) with the following arrangements of 
cowling and models. With these experiments the airscrew was 
not mounted i~ front of the engine. 

Arrangement 1.--With cowling, wings and air duets at  the rear 
of cowling as in practice. 

Arrangement 2. With cowling and air ducts at the rear of 
cowling as irt 15h'aetice, but  no wings mounted. 

Arrangement 3.--With cowling and no wi~lgs as in the previous 
arrangement, but  with additional triangular side opeIxings in body 
as shown ill Fig. 2a. 

Arrangement 4.--]3ody with triangular side opellings and no  
wings, but  with the cowling, of which a sketch is given ir~ Fig. 4. 
These are the only experiments in which this cowling was used. 

Comparing the windage curves of arrangements (1) mid (2) 
it will be seen that  the interference of the wings on the windage 
torque of the elxgine is practically negligible. Also the additiolml 
triangular openings at the bottom of the sides of the body reduce 
the windage torque on an average by 2 per cent. over the range 
of (V/n). Lastly, from the results of the experiments with the 
arrangements (3) and (4) it. will be seen that t.h~' windage of the 
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engine in the cowling of Fig. 4 is about 3 per cer~t, less than with 
the cowling of Fig. 3 which was used ill all the other experiments, 
~m[ which has a slightly different shape at the circumference. 

A series of experiments was made to measure t.he dependence 
of the whldage losses on the area of the circular opeuing at the 
front of the cowling. The areas of the circular ope~lings of the 
model were such as to eorrespoud with diameters of 29.0 ins., 
22.2 ills., 18.0 ins., 12.0 ius., 9.0 ins. and 5.7 i~s. o~l t.he full-sized 
cowling. The opeldngs at the back of the cowling and in the 
body were the same as ir~ practice aml the measureme~ts were 
made with the airserew rotating at the same speed as the 
engine. The results of these experiments are collected in 
Table 3. In Fig. 9 the values of (Q/pn °-) are plotted agMnst the 
corresponding values of (V/n). The data of Table 6, which were 
eMculated from the curves of Fig. 9, show how the windage horse- 
power varies with the area of the circular opening at the front of 
the cowling, at. the maximum horizontal flight at climbing, anti 
at  zero forward speed of the machine. The calculations were 
made for air dert.~ity at ground level. The curves of Fig. 10 have 
been plotted from the data of Table 6. From Fig. 9 it will be 
avert that  with circular openings of diameter 5.65 ilts. and 9 ins. 
the wirtdage torque is practically independent of the forward speed 
of the machine. In the latter case the opening is ahnost completely 
covered by the airserew boss. 

At eonstattt values of V and n the windage horsepower varies 
appreciably with the area of the circular openir~g at the front of 
the cowling up to a diameter of about 16 ii~s., but with openings 
of greater diameter the windage horsepower tends to become 
constant (see Fig. 10). I t  would seem, then, that  there is a certain 
area of the circular opening which admits just the volume of 
air which can be conveniently dealt with by the engine. Tt~e 
quanti ty of air flowing through the circular opening appears to 
.t~e limited with a small diameter to the area of the opening, but 
• with a larger diameter to the " drawi~lg in " capacity of the er~gir~e. 
'.With the present arrangement of engine and cowling it would 
teem that  the cooling of the engine will not be greatly increased 
with any increase of the diameter from about 16 ins., if it be 
assumed tha t  there is a definite eonneetioll between the cooling 
and windage losses of a rotary engine. Assuming the present 
engine can be efficiently cooled when the windage losses are 
14 H.P. then the areas of the circular openings at maximum 
horizontal flight and at climbing would need to be 62 and 200 
• sq. ins. respectively. 

The windage of the engine was measured under conditions 
similar to those of the test-bed experiments at the R.A.E. The 
results of these experiments are given in Table 4, from which it 
will be seen that  wher~ V = 0 the windage losses are reduced 50 per 
.cent. if the openings in the circumference and at the back of the 
~owling are covered in so that  the only opening is the circular 
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hole of diameter 29 ins. at the front. With the additional inter- 
ference due to the testing tunnel of the I~.A.E. the windage losses 
are increased by about 3 per cent. 

Summary of the conclusions of the investigations.--(a) The 
cowling reduces the windage torque of the engine. With the 
B.a .  1 engine the windage with the cowling is about 67 per cent. 
of the value without the cowling, both with and without the 
air-screw rotating. 

(b) At any forward speed there is a blocking-up effect due to 
the rotating airserew. 

(c) At any rotational speed, the windage losses increase with 
an increase of the forward speed of the machine. With the engine 
of the present experiments the windage losses at maximum 
horizontal flight and at climbing are greater by about 37.5 per 
cent. and 12 per cent. respectively than the values calculated 
from experiments in which the forward speed is zero. 

(d) The interference of the wings on the windage torque of 
the engine is practically negligible. 

(e) The circumferential shape of the cowling does not greatly 
affect the windage torque. 

(f) Keeping the values of the forward speed of the machine 
and rotational speed of engine and airsorew constant, there 
appears to be a certain area of the circular hole at the front of 
the cowling, below which the windage losses are dependent on 
the area of the circular opening, but  above which the losses remain 
fairly constant, and depend on the "drawing-in " capacity of the 
engine. 

(g) By varying the area of the circular opening at the front 
• of the cowling the windage losses can be maintained constant a~ 
all speeds of flight. 

(h) If the forward speed be zero, closing the openings at the 
circumference and at the back of the cowling so that  the only 
opening is the circular hole at the front reduces the windage 
losses by about 50 per cent. 

(i) The interference of the testing turmel at  the R.A.E. on 
the windage losses is very small when the engine is tested withou~ 
any wind blast: 



TABLE 1. 

W I N D A G E  L O S S E S  O N  B . R .  1 E N G I N E .  E N G I N E  M O U N T E D  I N  F R O N T  O F  " C A M E L  " B O D Y ,  

F o r w a r d  s p e e d  of  n m e h i n e  ze ro  (V - -  0). n ~-- R o t a t i o n a l  s p e e d  of  e n g i n e  in  r e v s . / s e c .  
Q = W i n d a g e  t o r q u e  of  eng i lm  i a  l b s . / f t ,  p = D e n s i t y  of  t h e  a i r  i n  s l u g s / c u ,  f t .  

( = 0 .00237  s lugs  p e r  c u b i c  f o o t  a t  a t e m p e r a t u r e  o f  15° .6  C. a n d  a p r e s s u r e  of  760 r ams . )  

T h e  d a t a  of  t h e  t a b l e  a r e  f o r  t h e  f u l l - s i z e  e n g i n e .  

Engine alone. No 
cowling. No airscrew. 

1~o wings on body. 

Value 
of r~. 

16.0 
18.7 
19.7 
22.1 
23 -0 
23-4 

Value 
of Q/pn s. 

104.0 
102.0 
103-5 
101.0 
102.0 
103.5 

Mean value  
= 102.5 

Engine without cowl- 
ing. With  airscrew 
rota t ing a t  the same 

speed as engine. 
With wings, 

Value Value 
of n. of Q/pn ~. 

15 "4 98"0 
12'.5 99"6 

9"1 101 "2 

Mean value 
= 9 9 . 6  

With  cowling. With  
airscrew rota t ing a t  Wi th  cowling. No 

same speed as engine, airscrew. Air duc t s  
,Air ducts a t  rear of : a t  rear  of cowling as 
cowling as in prac- in practice.  W i t h  
rice. With  wings wings on body.  

on body. 

Value 
of n. 

Value 
of Q/pn'. 

68"2 
69 "5 
69.1 
69"1 
67 .9  

Value 
of n. 

22 "3 
13 "6 15:  
19 
20 -8 
22 .4  

Value 
of Q Ipn*. 

72-6  
73 .7  
71-8  
73 .2  73:0 
71 

i Wi th  cowling. No ~ With a cowling of 
W i t h  cowling. No airscrew. With  t r i -  slightly different shape. 
a i rscrew.  Air  ducts  : angular  openings in (See Fig. 4.) No air- 
a t  r ea r  of cowling as place of the side air screw. With tr iangular  

in .practice. No ducts  a t  rear of openings in place of the 
wings on body.  cowling. No wings side ducts a t  rear  of 

on body. cowling. No wings on 
body. 

Value 
Of ~'z,. 

Value 
of Q/pn,. 

Value 
of n. 

Value 
of Q / o n ' .  

71 "1 
69.0  
70.4  
72-0 
71 "3 
70 "9 

11 "4 
16.1 
17"9 
19.7 
21 "3 
22 "7 

69.6  
69 "5 
69.7  
69.5 
69.6  
69"4 

Value 
of n. 

23 "6 
22" 1 
20-5 
18.5 
19.5 

18.35 
16.15 
15.10 
12-70 
8.40 

I1 "2 14:o 
16 
17 .7  
19 .5  
2 1 . 0  

Value 
of Q/pn'-. 

64 "5 
64-7 
64" 1 
65 "4 
64 "8 

Mean value  
= 68.7  

M e a n  v a l u e  
= 72-6 

M e a n  value  
= 70 .9  

Mean value 
= 69.6  

Mean value 
= 64.7  

¢¢ 
O0 
t~ 



T~LV. 2. 

W I N D A G E  L O S S E S  O N  B . R .  1 E N G I N E .  E N G I N E  M O U N T E D  I N  F R O N T  O F  " C A M E L  " B O D Y .  

V = F o r w a r d  speed  of m a c h i n e  in  fee t  pe r  second .  Q - -  W i n d a g e  t o r q u e  of eng ine  in  l b s . / f t .  
n - - - - R o t a t i o n a l  speed  in  r e v o l u t i o n s  per  second ,  p - - - -Dens i ty  of t h e  a i r  in  slugs pe r  cu. ft .  

( = 0.00237 slugs per  cubic  foo t  a t  a t e m p e r a t u r e  of 15°.6 C. a n d  a p re s su re  of 760 rams.)  

T h e  d a t a  of t h e  t a b l e  a r e  fo r  t h e  fu l l -s ize  m a c h i n e .  

k l 
, With cowling. Wi th  
: Engine wi thout  cowl- ] airscrew, Drg. No. Wi th  cowling. No ' W i t h  cowling. 

Engine  alone. No 
cowling. No airscrew. 

No wings on body.  

k _ 

Value 
of V/n 

0.0 
4-2 
5.1 
6-0 
6.5 
7-0 
8-5 

10.4 
11.9 

ing. Wi th  airscrew I A.D. 644 ro ta t ing  a t  airscrew. 
ro ta t ing  a t  same 
speed as engme.  

No 
Air  ducts  airscrew. Air ducts  

Value 
of Q/pn~. 

102.5 
134-5 
145-5 
157.5 
160.0 
lS4.5 
182.0 
199.0 
221.0 

With  wings. 

V~lue 
of V/n. 

0.0 
5.40 
5.90 
7.25 
9-90 

10.80 

i same speed as engine, a t  r ea r  of cowling as a t  r ea r  of cowling as 
Air ducts  a t  rear  of in pract ice.  Wi th  in pract ice .  No 

! cowling as in practice wings on body,  ~ wings on body.  
.. Wi th  wings on body. ! 

Value Value 
of Q/pn~. of V/n. 

Value 
of Q/pn ~. 

68"7 
78"6 
81 "4 
84"3 
90"6 

118"0 

Value 
of V/n. 

0.0 
3 .8  
4-9 
6.0 
6.6 
7.2 
8.2 
9.6 

10.6 
11.8 

Value Value Value 
! o~ Q / ~ .  ] o~ v/~.  o~ Q/~... 

72-6 0.0 
84.0 3.9 
91.2 4.5 

101-0 5.3 
109.0 6-0 
t16-0 6.2 
125.2 7.3 
143.0 9-6 
158-0 11.8 
172-5 

70"9 
84.0 
88.2 
95-7 

101-0 
105"0 
118-0 
143.0 
173.0 

: With cowling of slightly 
Wi th  cowling. No different shape. (See 
airscrew. Wi th  tri- Fig. 4.) No airscrew. 
angular  openings in Wi th  t r iangular  open- 
place of side air due t s ,  ings in place of air  ducts  

a t  rear  of cowling, a t  rear of cowling. No 
No wings on body. wings on body. 

Value Value Value Value 
of Vin .  ' of Q/pr~ 2. of V/n .  , of Q/pn ~. 

0.0 69.6 
4.1 84-4 
4-4 86-5 
4.8 90.3 
5-4 95.3 
6.0 99.5 
8.9 131.5 

L 

99.6 i 0.0 
121.6 : 4-9 
130.9 5.4 
145.0 5.95 
175.1 7.20 
188.0 10.75 

0.0 
4-0 
4.3 
4-6 
5.9 
6.4 
7-1 
7.6 
8.2 
9.5 

11.8 

64"7 
80 "2 
82 "5 
83"2 
97"5 

103"5 
111"0 
116"0 
124"5 
141"0 
173"0 

30 



TABLE 3. 

D E P E N D E N C E  O F  W I N D A G E  O N  T H E  S I Z E  O F  T H E  C I R C U L A R  O P E N I N G  A T  T H E  

F R O N T  O F  T H E  C O W L I N G .  

E n g i n e  m o u n t e d  in  f r o n t  of " Came l  " b o d y .  A i r s c r e w  m o u n t e d  in  f ron t  of a n d  r o t a t i n g  a t  t h e  s a m e  s p e e d  as  t h e  
engine.  O p e n i n g s  a t  t h e  b a c k  of t h e  cowl ing  t h e  s a m e  as  in  t h e  m a c h i n e .  

V = F o r w a r d  s p e e d  of m a c h i n e  in  f ee t  p e r  s e c ond .  Q = W i n d a g e  t o r q u e  of eng ine  in  l b s . / f t .  
n = R o t a t i o n a l  s p e e d  in  r e v o l u t i o n s  p e r  s econd ,  p ~- mass  d e n s i t y  of a i r  in  s lugs  p e r  c u b i c  fee t .  

( =  0.00237 a t  a t e m p e r a t u r e  of 15°.6 C. a n d  a p r e s su re  of 760 rams . )  

T h e  d a t a  of  t h e  t a b l e  a r e  for  t h e  fu l l - s ized  engine .  

W i t h  29" d i a m e t e r  
opening.* 

Value of 
V /n. 

0.0 
4 . 9 2  
5-41  
5 . 9 6  
7"20 

10"74 

Value of 
Q Ip~'. 

68-7 
78-6 
81-4 
8 4 - 3  
96"6 

118"0 

Wi$h 22".2 diameter 
opening. 

With 18" diameter 
opening. 

W i t h  12" d i ame te r  
opening.  

~Vith 5".65 d i a m e t e r  
open ing .  

Value of : Value of Value of Value of Value of Value of V~lue of Value of Vaiue of 
V /n. Q/pn 2. V /n .  Q/,on'. V/n .  Q/pn ~. V/n.  V in. Q/p,*"-. 

W i t h  9" d i ame te r  
opening.  

Value of 
Q/pn  ~. 

0.0 69.0 
5- 42 76.7 
5.92 77.6 
7-14 82.8 
9-8O 93.7 

10-75 99.1 

0 .0  69.2 
4.92 74.3 
5.34 75.2 
5-91 77.0 
7.11 80-8 
8.78 87-5 

10.74 93-0 

0.0 
5.36 
5.92 
7.15 
9.85 

10.70 

55 "4 
56"3 
56"5 
56"0 
56 "2 
57"5 

0.0 62.8 
5.46 63.0 
5.91 63-8 
7.17 65.4 
9-80 70 -4 

10-78 73.0 

0 -0 51 -7 
5 .52  53.5 
8.81 53.3 
9-96 53 "5 

* This is the diameter ot the  opemng in the cowling as fit-ted in the machine. 
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TABLE 4. 

EXPERIMENTS WITH A MODEL OF THE ENGINE 

TESTING TUNNEL OF THE R.A.E. 

Tumlel mounted ia place ir~ fror~t of the B.R. 1 engine. 

'n ~ rotational speed of engille ia revolutions per second. 

Q =: w indage  t o r q u e  of engine  i~ lbs . / f t .  

p = mass  dens i t y  of air in  slugs per  cubic  foot .  

(~---0.00237 a t  ~ t e m p e r a t u r e  of 15°.6 C. a n d  a pressure  of 
760 rams.)  

V = 0. N o  airscrew. 

T h e  d a t a  of the  t ab le  are  for  the  ful l-s ized engine.  

'(a) Without  testing tunnel. 
Cowling as in practice with 
air ducts at the rear and at 
the bot tom of the cowiing. 

(b) Without testing tunnel. 
Cowling completely enclos- 
ing the engine with the 
exception of the opening at 
the front of diameter 29 ins. 
No hole in the periphery of 
the cowling and blocked up 
at the back. 

(c) With testing tunnel, but 
otherwise as in (b) above. 

Horsepower  ~ ground  ]evel. 

Value of Q/pn~.] . . . .  
n ~ 1,150r.p.m. 

70-9 13.5 

31.5 6.0 

32.5 6.2 

n = 1 , 2 5 0  r .p .m.  

17.4 

7.8 

8 . 0  
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TABLE 5. 

C A L C U L A T I O N S  OF W I N D A G E  H O R S E P O W E R  AT 
G R O U N D  L E V E L  F O R  V A R I O U S  C O N D I T I O N S  OF 
F L I G H T .  

Eagine mouated in froa~ of " Camel " body. 

E n g i n e  w i t h  no  cowl-  
ing .  W i t h o u t  air-  
s c r ew.  N o  w i n g s  on  
b o d y .  

E n g i n e  w i t h  n o  c o M -  
ing.  W i t h  a i r s c r e w  
r u n n i n g .  W i t h 
w i n g s  on  b o d y .  

E n g i n e  w i t h  cowl ing .  
W i t h o u t  a i r sc rcw.  
W i t h  w i n g s  on  b o d y .  

E n g i n e  w i t h  cowl ing .  
W i t h  a i r s c r e w  run -  
n ing .  W i t h  w i n g s  
on  b o d y .  

Forward speed V of 
_ machine zero. 

[ n ~ 1,150 n = 1,250 
I r.p.m, r.p.u,. 

19 .55  2 5 . 2  

1 8 ' 9 5  

13"8 

13"1 

2 4 . 4  +_. 

17 .8  

16"9 

Climbin ! Horizontal 
i _. gz I Fl ight ._  

V = 70 miles I V = 120miles 
per hour. I per hour. 

n = 1,150 r.p.m, n = ],250 r.p.m, 
o03+ I (v )  = + +  

2 8 . 1 .  4 4 . 5  

2 3 . 4  3 8 . 8  

18.1 3 1 . 6  

15 .4  2,1.5 
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REPORT NO. 448. FIG. 6. 

Photograph of Model BR. 1 Engine. 
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T,~ BL~ 6. 

VARIATION OF THE WINDAGE HORSEPOWEI~ WITH 
THE AREA OF TI-IE CII~CULAI~ OPENING AT THE 
FRONT OF THE COWLING. 

C a l c u l a t i o n s  m a d e  for t h e  fu l l - s i zed  elxgii~e at the g r o u a d  
level .  

E n g i a e  m o u a ~ e d  in  f roa~ of " C a m e l  " b o d y .  

Airscrew mour~ted ia fro~t of sad rotatLug at the same 
speed as the eI1giue. 

hole. 

Ins. 

29"0 
22.2 
18"0 
12"0 

9"0 
5"7 

Area of 
circular 

hole. 

Sq. ins. 

660 
387 
255 
113 
63,5 
25.2 

I i ]~laximum 
Forward speed zero. Climbing. ] horizontal 

i flight, 

~,of,~.t[nn~.l ~otn,tJnn~] [Forward speed Forward  speed 
---sL-'~ed" . . . . . . . . .  eea ; ' - -  t 70 m.p.h,  t 120 m.p.h.  
n "~ 1 150 n sPL250 Rotational Rotat ional  

-- ' ~ ' 1 speed = speed = r.p.m, r.p.m, e ] 1,150 r .p.m, 1,,50 r .p.m. 

13-1 16.9 15"4 24.5 
13.1 16.9 14"7 21.6 
13.1 16.9 14.4 20.7 
11.9 15.2 12.1 16.7 
10.6 13.6 10.8 14.0 
9.9 12.7 10.1 13.1 


