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Tho report contains the results of tests made in the R.A.E. 
at ft. tunnel on a de Havilland propeller having conventional Clarke 7 
seotions and the paddle blade typo of plan form. 

The report describes analysos of the results made both by single 
radius and full strip theory methods.    The data provided will enable 
estimates to be made of the porfozmanoo of paddlo blado propollors 
under various flight conditions and in particular will give a quanti- 
tative idea of the improvements to be ejected for hijh power loadings 
i.e. beyond the stall. 

The principal general conclusions aro:- 

1. Uao of the same lift drag data in 6 radius strip theory 
calculations for both paddlo blado and noanal propellers is Justified. 

2. Thu gains found in flight tests for paddlo blado propollors 
must bo principally acoribod to -cho offocts of NACA 16 sorios sootions. 

3«   fi.A.3.  oharts based on singlo radius data may bo pessimistic 
in prodietäng the poak offioiencios of paddlo propollors at high tip 
spood (by 1.5 to 2# for MT = 0.Ö5). 

4»    The moan stalling porfomanco is bottor than would be 
oxpootod ovo ' on an activily factor basis.    This onablos othor design 
modificatioT-a, e.g. thin roots, 16 sorios soctiLons otc.  to bo mado 
to improve tiio top spood porf oxmanoc vdthout causing sorious lossos 
at take off or climb. 

5.   Thoroforo tho general conclusion is -that uso of iha paddlo 
typo of plan fozm is fully Justifiable ovon though it doos not appoar 
vo off or any direct shook stalling roliof. 

»*gfc«.".."5*. 
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Introduction 

Comparative flight tests have been made on various aircraft fitted 
with alternative propellers of conventional and "paddle blade" plan 
forms.    These have included de Havilland tests on several Mosquito 
aircraft.1»2»'      Twts on a Mosquito fitted witii I'arlin 77 engines 
have sha/n ir.iprovunontB of up to 7 »W'.h. in top speed and littlo 
change in thu climb ruaultin'; f ran uso of a vri.de 3 bladod instead of 
a narror.- 4 blrded propeller5.    .^prooioble ^ains in cruising officionoy 
havo also boon ebtainod i.i A. & A.E.E.   tests on Ijoncastors and in 
B.O.A.C.   trials with York   .ircraf t throu.ii fittin.; paddle blado 
propellers.    In all those and similar oases,  the rolr.ti.vu performance 
of -Uli) paddle blade propellers -.«.a bottor than would bo calculated 
using exiatin ; data derived 1'ran tests on Clark Y sectioned propollors 
of normal pla'i form.    Ac, hc.juvor,  tho paddle bladu propellers in tiioso 
examples ted If.A. C.Ä. 16 series sections v.-hile tho conventional pro- 
pollors had Clark Y sections, it ins still uncertain hoi." much of tho 
advantages of the paddle blade were duo to plan fom and how much to 
seotion shape.      It has been shown by IIain03 in rof.3 teit bettor 
agreement with tho do Havilland tost results could be achieved by 
using lift-drag data for N.A.C.A. lC sorios sections derived from 
flifJit performance trials on a 3pitfire 21 aircraft fitted witii 
propeller of conventional plan form. 

In order to settle how much really «as due to plan form and to 
obtain quantitative data, it was decided to test in the H..A.E.  24 ft. 
tunnel a paddle blade propeller having dark Y sections.    This ensured 
that comparative data on propollors of conventional plan form woro 
available.    The present report contains tho test results on this 
propollor toother with an analysis of these results into both "single 
radius" -md section data.    :i5iuso data, havo boon used to provide esti- 
mates of thu performance of tho paddle blado under various flight 
oonditions for comparison with ostimatos 4,5,6   based on tho previously 
oadLstont data. 

2       Do tails of propeller and tosts 

The propeller tested in the R.A.E.  24 ft* wind tunnel was a 2 
bladed version of the 12 ft. diameter 4 bladad do Havilland propeller, 
Drg. No.l45425.5Gj used on tho Hornet aircraft.    This propeller is a 
cropped version of a basic doaign of 15 ft. diamctor and tho blados 
_aro of the "paddle" varioly \/ith -..-ido tips.    Details of tho plan form 
and 1äiic3:noss  and pitch distributions are given in fig.l, which also 
shows for comparison purposos,  tlio conventional plan form of tiw 
Botol metal desi^ji (RA.4014/|7 for tho Spitfire IX.    Etis propellor 
was chosen for comparison booauso it had tho same thicknoso ratio at 
0*7 radius ac had the paddle bladCj  and also had a similar pitch and 
thickness distribution c:x:opt at the roots.    The blade plan forms are 
compared in fi^.l and tho pitch and thicknoss distributions in fig.2. 

are 
The principal design characteristics of the paddle blade propeller 

Solidily at 0.7 radius    =   0.076 for 2 blades. 

Jptivi-ty IVictor   =   110.5 (compared with 70.6 for tiie Spitfire 
propeller mentioned above) 

(Ihiokness/ohordj0#7 radius = 7-OjS 

Thio:cne3s/ohord * 30J& for */JJ a 0.19 

Section shape   :    Clark Y. 

_4- 
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The propeller «as tested at five pitch settings 
19.9°, 25° and 35.1°.*   At tha four lower pitch settings, 

10.1°, 
the 

15°, 
tests 

«are made over the full range of tunnel speed and for various rotational 
speeds reaching a tip Mach number of 1 for 10°, 15°;  of 0*9 for 20° and 
of 0.8 for 25°«    Ocing to the limitations of paver, it «as only possible 
to run at 800 r.p.u. or less at tho 35° sotting - it has however pre- 
viously boon shovn° thai, tho performance of stalled propellers is not 
appreciably dependent on Mach nunbor.    The range of mean operating 
incidence covered by the above programme was from -1° to 20° at low 
Mach nunber and from -1° to 6° at tho highest Mach nunbor. 

3 Results of tests 

As usual, the measured thrust values have boen reduced to pro- 
pulsive thrust coefficients Kj 

Propulsive •thrust 
pnzI* - 

«bare Kr 

sad propulsive thrust   = (T - R) + R0 

whore 

T       B   "froo air" thrust, 

R    ' s   drag of nacollo and pylon with propollor oporating, 

R_ drag of nacollo and pylon without propollor, 

T - R   s    tunnel balance reading. 

Tor a propeller of 12 ft. diameter, it may be expected that the 
propulsive thrusts will bo about 2.255a below the free air values 
on tha basis of the ostlmatod drag in slipstroam. 

Tho results for tho five different pitch settings are oontainod 
in tables 1-5 which ßivo tho values of thrust and torque oooffioionts 
and officiency for differing advanco ratio and tip Mach nunbor.    Tho 
significance of tho results oan howovor boat bo soon from tho analysis 
and calculations rooordod in tho following soctions. 

4 Analysis into moan "sin&Lo radius" data 

An analysis of tho tost results for all pitch settings was mado 
by liook's singlo radius mothed^.    Tho results analysod woro for tip 
Mach numbers of 0.785**, 0.895, 1.005 and also the lowest tip Mach 
number covered at each pitch setting.    The actual value of the 
solidity it. the 0.7 radius was used initially, so that no account 
was token of the plnn form.    The resultant' QD - CL curves are shown 
in fig.3, while the CL VS a curve at low ?Iach number is given in 
flg.V (curve A). 

Since some methods of calculating propeller performance, e.g. 
tho do HavillandlO use tho blado activity factor as tho criterion of 
plan   form whoro 

\ 

* A few readings woro also talcon for a sotting of 5° hut those have 
not boon oomputod. 

only CJJ ~ 0L cuxvo shown. 

-5- 



Activity Factor    = 
/ 

A-rc iJ17- 

*£      /  c   r^dr » 

"0.2H 
tbB curves of mean C« vs C^ and CL vs a were' also calculated using a 

corrected solidity auch that the ratio P^le blade activity factor 
correctod solidity 

equalled the ratio 2£ä^^^£ for tho Hotol Spitfire propeller 

with which comparison \roj; being modo.    This corrected solidity * 1.16 x 
true solid!ty. 

4.1    Comparison of QL VS a curvaa  (lair Kaoh number) 

In fig.4, a comparison is mode of tho CJj va a. curve (B) for tho 
Hotol Spitfire blade with tho O^vaa curves dorivod for the paddle 
blado both on tho basis of its true solidity at the 0*7 radius (A) and 
secondly on the basis of the corrected solidity as above defined (C). 

- A and 3 therefore provido a comparison baaed on solidity and B and C, 
are basod on activity factor.    In making tho comparison, it should bo 
remembered that the blödes are 'of approximately the same  thickness 
ratio at 0.7 radius;    while at the tips,  the paddle blude is 1;» thicker 
and at tho roots, it is Much thinner, being 30Jo thick outboard of r/n a 
0»19 instead of at 1/R = 0.25 as for the Spitfire blade (300 also fig.2). 
Bw paddle blade also has a slightly larger twist. 

The following conclusions result fron the comparison: 

(1)    the no-lift angle for the paddle blade is 0.6° less - this 
probably results fron its thinner sections inboard of 0*7 radius. 

e»>(» 
d<M oola.r the stall for the Hotol blade lies intermediate 

•(» 
batmen the values for trie paddle blade on the two conventions 

should not depend appreciably on the blade thickness distribution and 
so this result suggests that for uns tailed blades,  the activity factor 
formula lays toe much stress on the blade tips.    Tliis can bo explained 

d$ dCy 
by tt» facta sham in para.6 and fig.15 that both    2.   and   —Ji   trash 

dj dp0 

out towards tie blado tips.    To achiovo agreement in the values of 
da 

for the two blades,  the paddle blade solidity should be multiplied by 
1.06 (rather than 1.16 as on the activity factor convention}. 

Curve D in fig«4 shows tho performance beyond the 3 tall of the 
paddle blade vAwn its solidity and mean no lift angle havo boon corrected 
to sivo thu Biaae OTJ vs a curve (B) as for tho Spitfiro propolloi- below 
tho stall. 

dC 
(iii)    beyond the stall.,  •=—   for the paddle blado retains routfilj* 

half its value beX'ore the stall and so at high incidences,  the paddle 
blade, achieves a much higher Cr  than the conventional blade.    The onset 
at the stall occurs for roughly the same CJJ - this is disoussod in the 
next section (para. 4.2). 

4*2    Comparison of loir speed Op vs Oj, curves 

These curves are oomporod on two bases:    in fig.5 on activity 
factor and in fig.6 on tho true solidity oorroctad by the 1.06 factor 

- 6 - 
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deduced above.    It ia seen fron fig.6 that on the latter basis,  there 
is exact agreement for CL< 0.5 and thus in minimum Op;    fran Cj-, = 0*5 
to about 0*85, the paddle blade has a slightly higher Cn but that for 
higher Qx, values, i.e. beyond the stall, tho paddle blade has a steadily 
increasing advantage. 

It is important to remembor that booauso of tho thinner root 
sections of tho paadlo blados,  tho two propellers would not bo expected 
to stall at tho same CL ovon if thoy had the same plan form.    On tho 
basis of previous experience    ,  the thinner roots of the paddle blade 
would have been expected to loner the stalling C^ (defined for precision 
as Ci, for PD = O.l) by 0.11.    Therefore apart from the effects of the 
plan form, a stalling 0^ of 0.88 would have been expected rather than 
0.99 as for tho Rotol blade.    Actually, even on an activily factor 
basis (fig.5), CL is 0.91 =id with the effective solidity required to 
give agreement at lower Cj,,  the stalling Cj, is almost 1.0.    It seems 
therefore that the good agroomont botweon curves (fig.6) derived for 
the two propollors on the latter basis is a coincidence and that the 
affect of the plan form is more equivalent tc what vrould be expected 
from the blade activity factor.*    Sie bad effects on the stalling Cg, 
of the thin root sections has been more than counteracted by the 
effectiveness of the tip sections and both figa«5 and 6 show how this 
effeot beoomos more marked with further increase of C^. 

4»3    Comparison of Mach nunbor effects 

Both figs. 5 and 6 also show the effeot of increasing the tip 
Ilaoh number f ran about 0*5 to 1.0 on the moan drags of the two pro- 
pellers.    Since it is tho minimum drag values that are considered in 
particular, it is probably fairer to accept the comparison of fig.6. 
It will be seun that for approximately tho sauo inoroaso in tip Mach 
numbor, Qc^in 

for the paddlo blade has increased by only 0.008 compared 
with 0.015 for tho conventional prqpollor.    (only tho porforaanco of 
the outer sections should detorminu this increase.    Biese soctions 
are slightly thiokor on tho paddle blade (fig.2).} 

Biis result does not necessarily imply that the performance of 
the tip sections is better than would be calculated by full strip 
theory (see para.6) - but it does show the weakness of any mean 
section or activity factor method in coping with propellers of widely 
differing plan forms or twists.    Bie folloi/in^; section (para.5) shows 
how much estimates of propeller performance under climbing and cruising 
conditions .are affected by these discrepancies in moan data. 

5 Comparison of paddle blade performance with estimates from 
R.A.E. charts 

Forward speeds equal to 0.2 and 0*4 of the speed of sound were 
considered.    For each forward speed, a curve of efficiency against 
power coefficient was found for a 4 bladod paddle propeller for a 
relatively low and for a moderate tip Mach number, both lying within 
tho range of typical operation.    Hie estimates were made,  using - 

(i)    tho Op - CL data derived (fiß.3) from  lim paddle blade tests, 

(ii) the charts of rof.5 considering the prqpollor as of conventional 
r-—  
Bus might have boon.oxpootod sinoo tho objection noted earlier 

(para.Jfl(ii)) to tho activity factor would only, seriously apply to 
the QL V3 a curves. 

-7- 
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plan foil.: taking its trua solidity value at the 0.7 radius, and 

(ill) tho same charts but inoroasing tho solidity in the ratio of tho 
value of   aotivily, factors    for tlo paddlo blade and tho standard 

solidity 
propeller of  the charts. 

It should bo not-.il th'it this .-.tandard r-rcrpe.'-lor was 7»51o thiok at 
the 0»7 radius and haa voty much thicker roots boing 30JS thick at r/s • 
0*29 instead of at r/n = 0.19.    It   -ould bs expected to have a much 
bottor stallln.-; perforflaiico than a conventional propeller having tho 
aame thioknesr distribution as tho paddle blade. 

Bio ros'Vlta of 
is seon that - 

io calculationa are fiver, in fica.7 and 8.    It 

(1)    the poak jffioioncios for tho paddlo blade roughly agroo with the 
chart valuoa (basud on true solidiiy) for tho lower tip Mach numbors 
(0.6 and 0.68} but for Jij = 0.05 r»nd 0.87 fct the two forward speeds,  tho 
chart ostiraateo aro botv«en 1.5;'j 'ind 2$, low, 

(ii) at high pov/ur coefficients, tho paddlo blade is consistently abovo 
tho chart values based on true (solidity^ y but are usually below Hie 
ohart values based on the .-activity factor. 

It is clear that tho figures quoted for the differences in peak 
efficiency remain roughly true for the range of Op giving' i\ > 60jJ at 
Va s 0.2 and that living r, > 70Js at Va = 0.4, which, it can be seen 
from the power soales jdvon in figs. 7,8, oovor all casos likely to 
bo mot in practice. 

Figs.7 and 8 aro useful principally in showing the order of error 
likely to be Incurred by using the standard charts for a paddle blade 
of the type tested:    accurate estimates should bo basod on tiie derived 
On - Cfc, data (fi£.3). \ 

6       Oomparisan of section drag data 

She previous paragraphs have shown the possible order of error in 
using oharts based on normal moan data in estimating the performance of 
paddle blades but to find out vhothor tho plan form does really delay 
tiie shook stalling of the blade, it is necessary to oarry out an analysis 
by the full 3 ruOius strip theory method. 

6.1   Me thud of drag analysis 

The method has been fully described in refs. 12, 13.    She procedure 
consists in couuidoring a 3erie3 of combinations of advance ratio and 
pitch setting and in deriving directly from -the measured values of 
-thrust and efficiency,  tho variation -with tip Mach number of the power 
lost (%g)* in overcoming the compressibility drag inoremont.      Shis 
power loss coefficient   ICpg is also calculated from  the estimated OJJ - 
OL data (obtained from previous vrork"»!«) -QJ^, by oomparing the calculated 
and experimental Kpß vs M curves,  tho estimated On - Oj, data can bo 
oorrooted until agroomont is achieved. 

%g = J q. a Cjg d (r0
2 ) in' notation of rof .12 whoro Opg = ooaprossi- 

bili-ty drag inoromont. 

- 8- 
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oentrlfugal action would bo only about 0*6° instead of the 1.45° 
•boon on fig.13-    It folia» that ignoring the blade -t.-d.st -./hen 
calculating the incidence distributions './ill lead to serious errors. 

For blades './hose  thic;^ie30 ratio at tlio  tips is at least 6$?, 
ref.1V suggests tint tin.- c.-lcul.-itod values of blado twist are accurate. 
Iho estUiuto.- ..'or tho puddle blsOo oan thorofore (fig.l) be relied 
upon, particularly as tho centrifugal -b/ist in 3uoh a high proportion 
at the total.* (fig. 13;.    Kough estinatoo v/eru Made of how tho aero- 
dynamic twist varies -./it!i   J   and pitch sotting** and the incidenoo 
distribution.; along tho blado woro tlion recalculated,  allowing for 
tho twist,    '.^-pia.il distributions ire shown in fig.15.    Now values 
of tho compressibility drag power loss Kpjj and hence of ATI  wore 
obtained, usin;; those incidence distributions and the M-n curves of 
rig. 12. 

r > 

It is seem in figs. 2 - 11 that the order of agreement has been 
greatly improved.    At the important. 15° setting when the incidence 
near the tips xa about the optimum,  the agreement is now within 
X. 0.5;«.    At 10°,  there is oxoollent agreement for J = 0.3 while for 
J = 0.2 to modify the data to achieve agreement would upset the 15° 
comparison.    At 20°,  also,  tho agreement has boon considerably improved 
and over the range 0.3 < J < 0.5 it is within, 1;5. 

There fxre two reasons**    why the comparison for the 20° sotting 
must be less reliable.    First,  as shown in fig.ll). for J = 0.6,  0.5» 
i\ is falling with increasing MT at constant J over the ocmploto range 
of Mx«    Only tho fall for high l&j oan be aooribod to tho incroasu in 
CD at Mach nimbers beyond tho .critical and hence the datum offioionoy 
has been token to be where the T) VS M<p curve has an inflexion (see 
fig.lt).    This reduces the certainty in the experimental Kpg values. 

Secondly'-, owing to tho large washout on the blades (fig.15), for 
Ulis settin;   the blade tends to become shook stalled first ovor the 
oontrc sections owing to thoir high incidenoo.    There is no roliablo 
ovidonco from blades of conventional plan form on tho critical speeds 
of sections, say 7.5J» thick at 8° inoidenoe or more and so, it would 
be surprising if perfect agreement between calculation and experiment 
wore found for these conditions. 

I *> 

6.3   Conclusions frag section analysis 

portico! trig in view of the reservations of para. 6.2 above on 
the 20° settin.   comparison, the results dofinitoly indicate that 
provided allowance is made for the differing blade twists,  use of 
tho section drag data derived from propellers of conventional plan 
form lef.ds  to satisfactory estimates of the perl'oTmnnoa of the paddle 
blade at.high Mach nuaber.    There is eei'tainly no oonnislant oomn-fclnn. 
that need bo made over the range whore existing data is const rtnvod 
reliable    Cving to tlio largo washout on the blades, uso of the roanH.-. 
to oxtond the data to higher incidences cannot howovor bo roocnrnonrlod. 

The final conclusion is that use of the same "6 radius" oanpressi- 
bility lift-drag data for propellers of both conventional and paddle 
plan form slio'ild lead to an accurate comparison of their performance 

*      The uncertain element in calculating the blade  tivist is the centre 
of pressure position at high Mach number which moroly affects tho 
aorodynamio t./ist. 

**    This of course becomes difficult whon tho high incidences of tho 
20° sotting (fig.15) aro roachod. 
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at high Maoh nunber particularly if the bladoa are operating near peak 
efficiency.    Öiis supports tha conclusion of ref .3 that most of the 
gain in performance found in actual flight tests should be ascribed to 
the effects of the NACA 16 series shape rather than to the plan fom. 

7 General summary of conclusions 

1. Comparisons of the performance at high Mach number of propellers 
of conventional and of paddle plan form by 8 radius strip theory using  the 
acne lift drag data   for both propeller types should be accurate, parti- 
cularly near jeak efficiency. 

2. Ihe gains in top speed and cruising performance found for 
NACA IS sectioned paddle blade propellers in flight tests must therefore 
be   asoribed   principally to the effects of the section shape. 

3. In analysing the performance of blades of differing plan form 
running at high rotational speeds, allowance for the blade twist is 
essential. 

4. Peak efficiencies for paddle blades derived from charts based 
on single radius data from conventional propellers are reliable for tip 
Mach lumbers of about 0.6 but become pessimistic for higher tip speeds 
(1.5 to 2?S low for it,, = 0.85). 

5«    2ho moan stalling performance of the paddle blade is better 
than would be expected oven on an activity factor basis («hen duo 
allowanco has been made for other variables such as root thickness). 

6.    Treating C^ for CQ = 0.1 as the stalling criterion, adoption 
of the paddle plan form more than outweighs the thinning of the blade 
section at */R = 0.25 from 29.5J» to 17J& 

7«    It is clear that although the peddle plan form TpparenUy. 
offers no direct shock stalling relief, use of it together with thin, 
'high speed' sections will oncblu improvanients in top speed performance 
to be made with no resulting loss and oven possibly a. gain in take-off 
performance.    Its usa is therefore fully Justifiable. 

List of   symbols 

o 

D 

J • nE 
Km 

v 
pn2^ 

speed of sound 
blade chord 
lift ooeffioient 
drag coefficient 
diameter (ft.) 
advance ratio 

thrust coefficient 

2Kpn3l£ 
torque coefficient 

compressibility drag power loss ooeffioient 

tip Mach nunber a  tip spoed 
speed of sound 
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/ 

% Maoh numbor beyond which CQ begins to riso sharply 

n rotational apood (rova/soo) 
P. powor in^ut 
r' sootion radius 
R tip radius 
a aolidily 

Vo tfiickncss chord ratio 
V forward apood (f-t/aoa.) 
a inoidonoo                                                         , 

e pitch sottine 

A.F. a i°L      /0   r3 dr   Activity factor. 

^0.2R 

Ar) B 
TU 
~   Kjig : loss in offiaLonoy duo to Kgg 

Roforonoos 

Wo« Author                                      catio, otc. 

.1 Mullin                  Mosquito propeller blades. 

Hainea 

Haines 

Haines 
Ohater 

MaoDougall 

Haines 

de Havilland Report R 139. Various supplements 
1943 - 44. 

Summary of do Havilland report No.R 139 with 
some additional calculations. 
R.A.E. Teoh. Note No. Aero 1419.    April 1944. 

An estimation of the characteristics of NACA 16 
propeller sections baaed on flight performance 
trials. 
R-A.E. Teoh. Note No.Aero 1626. 
A.R.C. Report No.8650. A.P. 502.    April 1945. 

Revised charts for the determination of the 
static and take off thrust of a propeller. 
R.A.E. Report No.Aero 2135, A.R.C. 9747, AP.566. 
May 1946. 

Charta for the determination of propeller 
efficiencies in the climbing and cruising ranges. 
R.A.E.  Report No.Aero 2022. 
A.R.C. Report No.8595» A.P.499.   February 1545. 

Revised values of CL and CQ for dork y sections 
for uso in propeller strip theory calculations. 
R.A.E. Report No. 1°73 
A.R.O. Report No.8177.  AP. 472 
September 1944 (see also R.<Sfe M.2036). 
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ttfelo 1 

da BnUland Hornet 
Drg. No. 

'Paddle-blade" propeller 
P 4542536 

Diameter = 12 ft. No. of bladee' *   2 

0.7H 
10.1 

N J MT KQ Kj tl 

1200 0.162 * 0.670 O.OO323 0.0528 0.422 
0.252 0.671 0.00284 0.0387 0.547 
0.336 0.672 0.00223 0.0236 0.567 
0.419 0.674 •  0.00141 O.OO69 0.325 
0.504 0.677 0.00040 -0.0114 - 

1400 0.160 0.781 0.00336 0.0546 0.412 
0.216 0.782 0.00310 0.0456 0.507 
0.288 0.783 0.00269 0.0332 0.566 
0.360 0.784 0.00209 0.0196 0.538 
0.432 0.787 0.00124 0.0032 0.1775 
0.504 0.790 0.00041 -0.0120 - 
0.613 0.792 -0.00095 -O.0376 - 

1600 O.160 0.891 0.00359 0.0573 O.4065 
0.536"^ 0.252 0.891 0.00308 0.0410 

0.313 0.897 0.00261 0.0295 0.563 
0.378 0.896 0.00198 0.0151 0.459 
O.442 0.894 0.00127 -O.OOO6 - 
0.506 0.895 0.00049 -0.01485 — 

1700 0.159 0.948 0.00379 0.0593 0.397 
0.237 0.947 0.00334 0.0453 0.513 
0.295 0.953 0.00291 0.0335 0.542 
0.355 0.954 0.00235 0.0204 O.4925 
0.417 0.953 0.00167 0.0056 0.223 
0.476 0.951 0.00098 -0.0091 - 
0.508 0.953 O.OOO64 -O.OI63 - 

1800 0.162 1.002 0.00415 O.O613 O.38O5 
0.224 1.000 0.00374 '     0.0497 0.475 
0.278 1.007 O.O03275 0.0375 0.509 
0.336 1.007 0.ÖO279 0.0249 0.479 
0.393 1.005 0.00213 0.0101 0.296 
0.448 1.007 0.00150 -O.OO385 -. 
0.480 1.007 O.OOII25 -0.0112 • 

\ 
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Tabla 2 

4a Hi.vlllaad Hornet "Paddle-tolade" propeller 
Drg. No. P 4542536 

Diameter > 12 ft. 

r -ico e = is' 

No. of blades • 2 

N J 1% *Q Km Tl 

1000 0.208 0.565 0.00592 0.0816 0.453 
0.302 0.566 0.00552 0.0674 0.587 
0.401 0.567 0.00477 0.0514 O.687 
0.501 0.569 0.00359 0.0334 0.738 
0.603 0.572 0.00198 0.0131 0.635 
0.703 0.575 0.00005 -0.0075 - 

1200 0.194 0.667 0.00604 0.0830 0.429 
0.252 O.676 0.00592 0.0764 0.517 
0.336 0.677 0.00540 O.Ö631 0.624 
0.418 0.679 0.60467 0.0491 0.704 
0.504 0.680 0.00361 0.0329 0.733 
0.587 0.684 0.00227 0.0153 0.633 
O.670 0.686 0.00074 -0.0011 - 
0.714 0.688 -0.00019 -o.om - 

1400 0.196 0.779 0.00640 0.0864 0.421 
0.290 0.781 0.00588 0.0719 0.565 
0.362 0.782 0.00529 0.0595 0.650 
0.437 0.785 0.00453 0.0463 0.711 
0.509 0.788 0.00351 0.0312 0.719 
0.579 0.791 0.00230 0.0172 0.689 
O.614 0.795 0.00181 0.0100 0.540 

' l600 "0.199 O.890 0.00708 0.0916 0.410 
0.254 0.890 O.OO676 0.0831 0.498 
0.317 0.892 O.OO6II 0.0718 0.595 
0.382 0.893 0.00552 0.0595 0.657 
0.445 0.895 0.00481 0.0477 0.701 
0.506 0.898 0.00379 0.0337 0.719 
0.539 0.901». 0.00332 0.0271 0.703 

1700 0.239 O.946 0.00748 0.0898 0.458 
0.299 0.947 0.00689 0.0790 0.548 
0.360 0.950 O.OO617 O.0669 0.623 
0.418 0.951 0.00542 0.0548 0.673 
0.477 0.954 0.00451 0.0419 0.707 
0.508 0.960 0.00401 0.0349 0.702 

1600 0.340 1.003 0.00707 0.0737 0.573 
0.395 1.005 O.OO615 : 0.0614 0.630 
0.450 1.009 0.00535 0.0496 O.665 
0.480 1.010 0.00484 0.0423 0.669 

1 
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atoie 3 

d» Hftvillani Homot "Paddle-blade" propeller 
Drg. No. p 4542536 

Dimeter a 12 ft. 

6 = 19.9 

No. of blade« 3 2 

800 

1000 

1200 

3400 

1600 

0.233 
0.384 
0.510 
0.634 
0..764 
0.892 

0*306 
0.408 
0.509 
0.614 
0.716 
0.814 
0.A71 

0.223 
0.339 
0.421 
0.510 
0.593 
0.678 
0.721 

0.224 
0.290 
0.362 
0.436 
0.510 
0.581 
0.620 

0.316 
0.383 
0.448 
0.51Ö 
0.543 

Mr 

0.447 
i;.44S 
C.452 
0.455 
C.45G 
04-62 

0.559 
O.560 
0.561 
0.564 
O.567 
0.572 
0.574 

O.676 
0.675 
O.678 
0.678 
0.6S1 
0.681 
0.686 

0.784 
0.786 
0.786 
0.788 
0.786 
0.787 
0.795 

0.894 
0.891 
0.892 
0.895 
0.897 

** 

O.O0964 
C.00859 
C.00758 
0.00583 
0.O0337 
0.001)23 

O.OO929 
0.00854 
O.O0766 
O.OO624 
0.00441 
0.00222 
0.00002 

0.01041 
0.00962 
0.00989 
O.OO808 
O.OO692 
0.00533 
0.00454 

0.01140 
0.01070 
0.01004 
0.00937 
0.00835 
0.00738 
O.OO680 

C.CU86 
0.01088 
J.01015 
0.00941 
C.00881 

Kj 

0.1023 
O.0869 
0.0692 
0.0466 
0.0223 

-0.0026 

0.0976 
0.0846 
0.0689 
0.0504 
0.0315 
0.0120 
0.0008 

0.1081 
0.0976 
O.O861 
0.C718 
0.0563 
0.0394 
0.0314 

0.1121 
0.1060 
0.0981 
0.0874 
0.0735 
O.0605 
0.0534 

0.1098 
0.1013 
C.C908 
O.C795 
0.0729 

0.3945 
O.621 
0.735 
0.809 
0.804 

•512 
.644 
.729 
.787 
.817 
702 
143 

0.369 
0.546 
0.643 
0.723 
0.769 
0.796 
0.795 

0.350 
0.458 
0.564 
O.650 
0.715 
0.759 
0.775 

0.468 
0.568 
O.639 
0.688 
0.716 
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Keport No. tßro 2172 

da Havilland Hornet "Paddle-blade" propeller 
Drg.No. F 45M536 

• 12 ft. No. of blades • 2 

If J MT KQ Kx •n 

800 0.252 0.450 0.01671 0.1193 0.2865 
0.382 0.449 0.03434 0.1112 0.471 
0.511 0.452 0.01300 0.1030 0.645 
0.636 0.454 0.01175 0.0874 0.752 
0.763 0.458 O.O0963 0.0639 0.808 
0.891 0.462 0.00698 0.0417 0.849 
1.015 0.466 0.00374 0.0189 0.820 
1.080 0.471 0.00196 0.0076 O.665 

1000 0.243 0.561 0.01701 0.1198 0.272 
0.306 0.561 0.01575 0.1180 0.365 
0.407 0.563 0.01430 0.1114 0.505 
0.508 0.564 0.01329 0.1040 0.634 
0.610 0.567 0.01232 0.0922 0.729 
0.711 0.571 0.01099 0.0758 0.780 
0.809 0.575 0.00903 0.0577 0.816 
0.868 0.576 0.00792 0.0472 0.825 

1200 0.242 O.674 O.ÖI723 0.1221 0.274 
0.339 O.675 0.01592 0.1178 0.400 
0.423 O.677 0.01491 0.1136 0.512 
0.508 0.679 0.01393 0.1070 0.622 
0.592 0.682 0.01309 0.0977 0.705 
0.680 0.680 0.01177 0.0833 1 0.766 
0.724 0.683 0.01125 0.0762 0.780 

3400 0.366 0.776 0.01650 0.1193 0.422 
.   0.440 0.780 0.01566 0.1165 0.522 

0.514 0.78t 0.01490 0.1112 0.612 
0.582 0.786 O.OI406 0.1037 0.685 
0.621 O.789 0.01366 0.0976 0.709 

l_ 
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Raport No. Jew» 2172 I 
nable g 

im Hwrilland Hornet "Paddle-blade" propeller 
Org. No. P 454-2536 

Dlaneter 3 12 ft. 

6 « 35.1° 

No« of bladea . 2 

J MT KQ Kj T> 

550 1.565 0.3U 0.00573 0.0198 0.862 
600 1.435 0.366 0.01032 O.OtOfc. 0.892 
650 1.32b. 0.392 0.01389 0.0579 0.880 
700 1.150 0.415 0.01880 0.0852 0.832 
700 1.225 0.418 0.01695 0.0732 0.&V5 
800 0.289 OJt-51 0.03351 0.1460 0.201 
800 0.630 0.456 0.0281(4 0.1267 0J».545 
800 0.755 0.458 0.02632 0.1232 0.564 
800 0.882 0.464 O.02I1.23 0.1177 0.684 
800 1.004 O.469 0.02216 0.1070 0.775 
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FIG. 3. 
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