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SUMHARY

The report contains the results of tests made in the R.A.B.
2 f£t. tumel on a de Havillend propeller having oonventional Clarke Y
seotions and the paddle blade typo of plan fomm.

The report describes analysos of the rcsults mado both by single
radius and full strip thoory mothods. The data provided will cnable
catimatus to be made of tho porfomance of paddle blado propollors
wder various fliht oonditlons and in particular will give a quanti-
tatdve idea of the improvementis to be erpeoted for hisch power loadings
leoe boyond tho stall.

The principal gencral oonolusions are:-

1. Uso of thc samo lift drag data in 8 radius strip theory
caloulations for both paddlo bladc and nomal propellers is jJustifiod.

2. The gains found in ﬂight tosts for paddlo blado propouoru
must bo prinoipally asoribod to ww offects of NACA 16 sorios soctions.

3. R.A.E. oharts basod on singlo radius data may bo possimistio
in prodisting the poak offioloncics of paddlo propcllors at high Hp
spood (by 1.5 to 2% for Myp = 0.85). N
4. Tho moan stalling porformanco is bottor than would be
oxpoctod ovo: on an activity factor basis. This oncblos othor dosign
modifioatiors, c.g. thin roots, 16 sorivs scotions otc. to bo mado
to dmprovo tac top spood porfoxmaonoc without causing sorious lossos
at tako off or olimb.

5. Thorof'orc tho gonoral oonolusion is that uso of the peddlo
%ypo of plan form is fully Justifioblo ovon though it doos not appoar
w0 offor any diroot shook stalling rolicf.




Report No.Aero 2272

LIBT OF CONTENTS

Introduction

Details of propeller and tests

Results of tests _

Anelysis into moan "single redius" data

4ol Compuriacn of Cr, vs @ curves (low Mach numbey)
be2 Comparison of 1o spead Cp va Cp, ourves
4.3 Cawparison of MHach number effuots

N N W ow o e

Oamparison of paddie blade performance with estimates
from R.A.E. oharty

Camparison of soection drag data
6.1 Mothod of Arans analysis

6.2 Romdts of drag analysis
643 Conclusions fram scotion analysis

7 General sunmary of conclusions

Iist of gymbols
References
Glrowlation

LIST OF TABLES

de Havilland Hornet "Paddle biade" propeller,'
Drgs Nos P 4542536 Tables of Kp and KQvay

I 6y7p = 10.1°
IT So.m = 25°
ey p = 19.9°
IV %m = 2°
v G‘O.TR 35.2°

LIST OF FIGURRS

Dimonsions of de Havilland bropeller for Hormet Drg, No.
Pei54.2536

Oamarizon of piteh ang thickness distribution
Koan Cp ~ Oy, ourves based m truc solddity at 0.7 radius
Camparison of Of, vs ¢ ourves for Hp ~ 0457

- we * P
- WP
T
ﬂ.v"x_’“-.a*:t o
N - ..

.

PR




Report No. Aoro 2172

1ist of Pigures conid.

Oamparison of Op = Cp, polars of propellers based on
sotivity factors

Cauparison of Cp - Cp, polars of propellers based on
corrected solliditles

Comparison of orulsing efficienocies using data for paddle
blade and stendand propellers

(1) Vo = 0.2
(11) ¥, = ou

Ocmparison of values of efficiency loss dus to
oamprossibility fowd by experimont and caloulation

(1) °o.7n= 10.1°
()8 __ =15°

0.7R
(44) 0y 75 = 1949°

Oritical Mach numbers for drag

Caloujated twist along paddle blade "T = 009, J = 043,
0 = 15°

0.7R
Variation of officiency with tip Mach No.

Spooimen incidonco distributions along blados




-

Roport No. Acro 2172

1 Introduction

Camparative f1ight tests have been made on varicus airoraft fitted
with altemative propellers of oonventional and "paddle blade" plon
forma. These have included de lluvilland tests on severnl losquito
siroraft.1s2:5  fests m a Moaquito fitted with lierlin 77 engines
have shom iprovununts of up te 7 m.peh. in top spoed and 1ittlo
chongu in thu olimb ruswltipr- from use of 2 wide 3 bladod instead of
a narrow 4 bl:ded propellor?s  Xoprooinsble rains in oruising officlioncy
have also bocn obtrdinod ia A, & A.E.E. tusts on Lanoasters and in
B.0.A 0. triais with York -ireraft throu h fittin; pnddlv blade
propollurs.e In all thosce and similar cases, the rulntive perfommanoc
of thu poddle blade propellers was botter than wwould bu ealculated
using existin ; data derived trom tests on Clark Y sucticnoed propullers
of normal plan foxa. As, homswver, tho paddle bladu propollurs in thesc
examplus hod iL4.C.l. 16 sorios scotions whilo the oonvontignal pro-
pollors had Cliak Y scetions, it oo 5till wneurtain how much of tho
advantaua of the paddle blade were duo to »lan fom and how much to
seotion shipse It has been sham by llaines in refe3 that bottor
agreemunt vith the d¢ Hevilland tost rosulis could be achiuved by
using 1lift=drag datr for Ned.C.i. 16 sories suotions dorivoed from
flifht perfornance trials on a Spitfire 21 airoralt fitted with
propeller of conventional plan form.

In order te settle how much reully wos due to plan form and to
obtain quantitativo data, it vmas ducided to test in the R.A.E. 24 £t.
tunol a paddle bladc propelleor hoving Clork Y soctions. This unaured
that camparative data on propollors of oonvontional plan fom yworo
aveilable. The presenti report contains the test results on this
propollcr togothur with an analysis of thuso rosults into both "singlo
radius" -nd suotion data. Thuse dats havo boun used to provido cati=
matos of the porlormunce of tho paddlo blado gﬂor various flight
oonditions for camparison with ostimatos 41556 based on tho proviously
oxistont data.

2 Dotails of propollor and tosts

The propeller tested in the R.A.E. 2 ft. wind tunnel was a 2
bladed version of the 12 f'te diameter k4 bladed do Havilland propslier,
Drge NoeH;542556, usod on the Homet airdraft. This propoller is a
oroppud vorsion of o basic dosign of 15 ft. dlamotor and tho blodes
aro of the "paddlo" varioty with <ido tips. Dutails of tho plan fom
and thiclness »nd pitch dlstributions axe glven in figel, which also
shows for camparicon purposes, tic conventional ploan form of tho
Rotol motal duain (RA.4014,7 for tho Spitfirv IX. Tais propoller
was choson I'or camparison boocause it hod tho same thicknoss ratio at
0«7 rodius as had tho paddle blado, and alse had a similar pitch and
thicknoss distribution cxeopt at thu rootz. Thu bladc plan forms aro
ocanparod in £i;.1 wd tho pitoh and thioknoss distributions in fig.2.

Tho principal dosign charactoristics of the paddle blade propeller
are :

Solidity at 0.7 radius = 0.076 for 2 blades.

Aotivity Taotor = 1105 (oampared with 70.6 for the Spitfire
propeller mentioned above)

(Thickness/ohord)q,7 radius = 7+0%
Thicimess/chord = 30§ for I/ = 0.19
Seotion shape : Claxiz Y.
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The propeller was tested at five pitch settings: 10.1°, 15°,
19.9°9, 25° and 35.1%% At the four lower pitch settings, the tosts
were made over the full range of tunnel speod and for various rotational
speeds ruashing a tip Uach number of 1 for 109, 15%; of 0.5 for 20° and
of 0.8 for 250. Oning to the limitations of pawer, it was only possible
to run at 800 r.p.g. or less at the 359 sotting = it has however pre-
viously boon shan® thai tho performance of stalled propellers is not
approciably dependent on Mach numbor. The range of mean operating
incidenoo oovered by the above programme was fram =1° to 20° at low
Mach number and fram =1° to 6° at tho highest Mach numbor.

3 Results of tests

) As usual, the measured thrust values havo boen reduced to pro=
pulsivo thrust coeffioients Ky

- Xy = Propulsive thrust
fn -

and propulsive thrust = (T = R) + R, .
vhore .

T = "froo air" thrust,

R = dreg of nacello and pylon with propeller cporating,

Ro = drag of nacollo and pylon without propollor,

T~-R = tunncl balanoco reading.

" Por a propeller of 12 ft. dismeter, it may be expected that the

propulsive thrusts will bo about 2.25% bolow the free air values
on the basis of the estimatod drag in slipstroam.

Tho results for the fivo difforent pitoh sottings aro oontained
in tablos 1~5 which pive tho values of thrust and torque oocoffioionts
and officioncy for difforing advance ratio and tip Maoh numbor. Tho
significancc of tho results oan howovor bost bo soon fram tho analysis
and ocalculations rooordod in tho following soctions.

4 Analysis into moan "singlo radius" data

An anolysis of the test rosults for all pitch sottings was mado
by Lock?!s singlo radius mothod’?. The rosults analysod ioxe for #ip
Mach numbers of 0.785*%, 0895, 1.005 and also the lowest tip Mach
nunber covered at each pitch setting. The aotual value of the
solidity at the 0.7 rodius wos used initislly, so that no acoount
was taken of the plan form. The resulting Cp - Cp curves are sham
in fige3, while the Cf, va @ ourve at lowr ach rumber is glven in
Pig.d (ocurvo 4).

Since same methods of calculating propeller performaonce, Oege
tho do HavillandlO usc the blado activity factor as the oritorion of
plan fom where

® A fow roadings woxo also tokon for a sotting of 5° but theso have
not boon oamputod.

** only Op = Op, ourve shom.
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R
Aotivity Factor = g /c ©ar,
. 0s2R
the ourves of mean C, va Cp and Cp vs @ wory also calculated using a

paddls blade activity factor
correctod solidity

equalled the ratio wﬂaol:; f“;t"r Tor the Rotol Spitfire propeller

with vhich camparison waz bein; mado. Thiaz corrcoted solidity = 116 x
true solldity.

corrected solidity such that the ratio

Lol Comparison of Cp vs & curvos (1o :ach nuaber)

D e ]

In figd, a comparison is made of the (f, vs a curve (B) for the
Rotol Spitfirc blado with the O, vs @ curvos dorived for the paddle
blado both on the basis of its truc solidity at thc 0.7 radius (A) and
secondly on tho basis of the oorreoted solidity as abovs defined (C).
-4 and B theroforc provido a ocamparison basud on solidity and B and C,
arv based on acidvity factor. In making the camparison, it should bo
remembered that the blades are ‘o approximately the same thicknsss
ratio ail C.7 radius; while at the tips, the paddle blude is 1o thicker
and at the roots, it is nuch thinnor, bein;; 303 thiclk outboard of T/R =
0019 instcad of at Y/R = 0.25 as for the Spitfire blade (sce also fige2).
Tho paddle blade also has o slightly largoer twist.

The folloring oonclusions result {xrom the oanparison:

(1) the no-1ift angle for the paddle hlade is 0s6° 1sss = this
probably results frum its thinnsr sections inboard of 0.7 radius.

d
(i1) (d'TCL) belos ths stall for the Rotol blads liss intermediate
. dac
between the values for the paddls blads on the two convantions. aTxE
should not depend appreoiably on tho blade thickness distribution and
8o this result suggests that for unstalled blados, the activity faotor
formmule lays tou much stress on the blade Hips. This can bo explained

d
by tho facts shoim in para.G and fig.1l5 that both d.To and g%]:'. wosh

[+
out towards tho blzdo tips. To achlove agrsement in the values of g’%!‘.

for the two bludes, the paddle blade solidity should be multiplied by
1,06 (rather thun 1.16 as on the activity Tactor oouvsntion).

Curve D in izl shows tho performmancs boyond the atall of the
paddle bladc whun its solidity and mcan no 1ii't anzlo havo boon oorreotod
to mive thu sumo Cp, vs @ curve (B) as for tho Spitfiro propeller below
the stall. .

dac
(iii) beyond the stall, aaé for the paddls blade retains rowhly

half its value before the stall and so at hish incidenoss, the paddle
blode achieves a much higher O than the conventiional blads. Thoe onset
of the stnll occurs for roughly tho sume Cp = this is disoussed in the
next seotion (purae 4e2). .

4.2 Camparison of low speod Cp vs Cp, curves

These ourves arc camparod on two bascs: in fig.5 on activity
faotor and in fige6 on the truo solidily corrvctod by the 1.06 faotor

etk b ML S
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deduced above. It is seen fram fige6 that on the latter basis, there
is exact agreement for Cp,< 0.5 and thus in minimum Op; from o, = 0ed

to about .85, ths paddle blade has a slightly higher Cp but that for
higher Cy, values, i.0. boyand the stall, the paddle blade has a steadily
increasing advantogo.

It is important to remembor that booauso of tho thinner root *
soctions of tho paddlo blados, tho two propellers would not bo expootoed
to 5tall at tho samc Cy, ovon_if thoy had the samo plan form. On the
basis of prcvious oxporicncotl, the thimmer roots of the paddle blade
would have becen expected te lower the stalling Cp, (defined for preoision
as CL for Cp = 2.1) by O.11. Therefore apart I'ran the effects of the
plan form, a stolling Cy, of 0.88 would have been expectied rather than
0+99 as for the Rotol blade. Actually, even on an activity factor
basis (fige5), Cr, is 0.91 ond with the offective solidity required to
give agreement at lower Cy, the stalling Cj, is almost 1.0. It socms
therefore that the good agreemont buotweon curves (figs6) derived for
the two propullors on the latter basis is a coincidenco and that the
effect of the plan form is more equivalent tc what would be expected
fram the blade activity factor.® The bad effects on the stalling Of
of the thin root seotions has been more than counteracted by the
effectiveness of the tip sections and both figs.5 and 6 show how this
offeot beoanos more marked with further inorease of Cp,.

4¢3 Qomparison of Maoh numbor effoots

Both figs. 5 and 6 also show the effeot of increasing the tip
Mach nunbor from about 0e5 to 10 on the moan drags of the two pro-
pellors. Since it ia tho minimum drag valuos that are considorod in
particular, it is probably fairer to accopt thc oamparison of fig.6.
It will be seun that for approximately tho samo inoreaso in tip Mach
numbor, Cp.;, for tho paddlo blade has incroasod by only 0.008 ocmparod

with 0.015 for tho oonventional propellor. (Only the porformance of
the outer scctions should dotormine this incroasc. Thoasc soctions
aro slightly thickor on tho paddlo blade (fige2)s)

This result does not neceasarily imply that the performance of
the {iip seotions 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 ooping with propellors of vddoly
difforing plon foms or twists. The followin; section (para.5) shows
how nuch estimates of propollor perfomance under olimbing and orudsing
oonditions are affeoted by thuse discropanoics in moan data.

5 Oanparison of paddle blade performance with estimates from
R.A.E. oharts

Forward speeds equal to 0«2 and DJe4 of the spoed of sound were
oonsidered. For each forward specd, a ourve of efficloncy against
power coefficiont was found for a 4 bladod paddle propeller for a
relativoly loww and for a moderate tip Mach number, both lying within
tho range of typloal oporation. The ostimates were made, using -

(1) tho Cp = Of, data dorived (fige3) fram i paidle blade tosts,
(11) the oharts of rofe5 oonsidoring the propollor as of oonvontional

¥
This might have boon.expooted sinoo tho objoction noted oarlier

"(paraes.1(4i)) to tho aotivity faotor would only,seriously apply to
the Op, va & ourves.

-
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plan form taking its true solidity value at the Ce7 radius, and

(iii; the samo charis but incroasing tho solidity in the ratio of the

activity factur« . 2 s N
v .
aluc of = for thio paddle blade and the standard

propeller of tlw ch.:.r_u. .

It should be not:l ihut +his standard propellox wons 7e5e thiock at
the Ce7 radius and hea voiy much thicker roots boiny 30% thick at ¥/R =
0e29 instcad of at Iy = 0.19. It -ould b3 cxpocted to have a muweh
bottor stallin:: porformmice than a convontional propellor having tho
seme thioknes: disiribuiiin as the paddle blade.

The reasults of tiw calculations zxe gven in figs.7 and 8. It
is scon that -

(i) the poak ufficiencies for thu paddlo blado roughly agroe with tho
ghart valuos (basod on truc solidity) for thoe lowor tip Mach mumbors
(0.6 and 0.66; buti for Kp = 085 md 0.87 t the two forward spoeds, tho
chart ostinatos arc botwon 1.5% nnd 2% low,

(11 ) at high powr coofficionts, the paddlo bladc is oonatstontly abovo
the chart valuos basod on trws  (solidity) 0.7 but are usually below the
chart values bnzod on the zctiviiy i‘actor.

It iz oleaxr that the figures guoted for the differences in peak
efficivncy romain roughly truc for the rangc of giv:Lnﬂ n> 60% at
V/a = 02 and that gdving 5 > 7055 at V/a = Oe4, which, it can be scan
from tho powor scales glvon in ﬁg;a. 7,8, covor a.L'L ocasos likely to
bu mot in practico.

Figse7 and 8 arc useful principally in showing the order of error
1likoly to be incurrod by using the standard charts for a paddle blade
of the typc tvsted: aocurate estimates should bo based on the derived
Op = O, data (fige3).

6  Oamparison of section drgg_gam

The provious parugrarhs have shown the possiblo ozdar of error in
using oharts based on nomal moan data in ostimating the performance of
paddle blados but to find out whother tho plan form does really delay

- the shoolk s3tallin;; of the blade, i1t is neceasary to oarry out an analysis
‘by the full 3 rudius airiy theory method.

61l Method of dras cnalysis

The mothod has becn fully described in refs. 12, 13. The procedurc
congiats in conui&orin; ; 2 series of oambinations of advance ratio and
pitoh setting and in deriving directly from the measured values of
thrust and effioiuncy, the variztion with tip Maooch number of the power
1ost (Kpg)* in ovuroaming the campressibility drag inocremont. This
pover lo.,s cocrficient ipg is also %%oula.'bud fran the catimated
0Op, dota (obiainud from provicus work®s12) and by camparing the ca.'l.culo:hod.

- ad axperimeninl Kpg vs M curves, the ostimatod GD 0y, data ocan bo
oomobod undl agroamont is nehicved.

. —
Kpg = Jq 5 Cpg a (rg 2) in not~tion of rof.12 whorc Cpg = cauprossi-

bility drag inoramont.
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oentrifugal action would be only about 0.6° instesd of the 145°
shom on fig.13. It follos that ignoring ths blade tidst when
caloulating the incidencu distributions will lead to serious errors.

For bladous whose thicimeas ratio ot the Hps is at least 6%,
ref.1 au,,uuat. that thw ecidoulrtod values of blado tiist are accurata.
The estlautc.. Jor thu puddle blade oan thorofore (figel) be relied
upon, pnr1icu1arl_,' ag the contritugal twist is suoh =2 high proportion
of the total®* (fipe 13). Rough estinatus wmro nade of how tho acro=
dynamie twisti vorios it J and plich sotting** und the incidenoo
distribution.: alun:’ the blade woro thon rvomleulated, allowing for
the twiste TDpiead :listributions aru showm in fig.15. Now valuos
of the camprussibility drag power loss Kpg swnd honcu of An vere
obtained, uain those incidence distribuiions and the Mp curvos of
ﬁ.g-lz.

It is seoen in figs. ¢ ~ 11 that ihe order of agreement has been
greatly improved. At the important 15° setting when the incidence
near the tips is about the optimum, tho agreement is now within
% O0e5i6e At 10%, thore is excallent agreument for J = 0.3 whilo for
J = 0.2 to modify the datn to achiuve asreament wouwld upsot the 15°
ocamparison. At 200, nlso, the agrocmont has beon considorably improved
and over the range ‘0s3 < J < 0.5 it is within 15

There are o reasous*® why the ocmparison for the 20° sotting
must be less reliablue. First, as sham in fip.l4 for J = 0.6, 0.5,
M is falling vith increasing Hp at constant J over the cmploto range
of Mpe Only tho fall for high !Ip can be asoribod to the incroasu in
Cp at Mach numbors burond the eritdeal :nd hcnes the datum offioionay
has been takon to be where the M vs My curve has an inflexion (see
fig.lh). This reduces the certainty J.n the experimental Kpg values.

Suvoondl.r, owing to the larpe washout on the blades (fig.15), for
this settin; tho bladu tonds to buoomu chocl: stalled first ovor the
oontrs scetions owin: to thoir higzh inocidonco. Thero is no reliablo
ovidoncs fram bludus of conventional plan form on tho oritioal spoods
of 'seotions, say 7.5% thick at 8° inoidenoe or more and so, it would
be surprisin;: if verfect agsreement botween cdloculation and experiment
wore found for these conditions.

6.3 Conclusions fran seotion analysis

Porticul..rly in view of the rusorvations of paras 6.2 above on
the 200 zscitiu,, camparison, ihe results dofinitely indicate that
provided alloance is made for the differing blade twists, uso of
tho seotion dra;; data durived {ram propollurs of convontional plan
fom locds to satdsfactory estimates of the perfomnance of the paddle
blade at.high }Mach number. There is certninly no cousintent correctien
that need be made over the range vhere oxisting date is cousidared
reliablo. Ovingz to 1w laryo wushout on the blades, use of the reanlin
to oxtond tw datn to hiyhor incidoncos oannot howover be recammonded.

The final oocuclusion 1s that use of the same "8 radius" oaupressi-
bility lift-dragz datn for propellers of both conventlonol and paddle
plan fom alonldd lead o an accurate camparison of their performanoce

The uncertain elemont in ealeul: un.nr the blods twist is tho bentro
of prussure posiiion at high Mach numbur which moxoly affects the

acrodynomic tiist.

%% fhis of courso becamos diffioult whon tho high incidonoces of tho
20° sotting (fige15) arc roachod.
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at high Mach number particularly if the blades are operating near peak
effioiency. This supports the conclusion of ref.3 that most of the
gain in performmance fourd 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 oonclusions

1. Camparisons of the performance at high Mach number of propellers
of conventional and of paddle plan form by 8 radius atrip theory using the
sz Hit drag duta for both propeller types should be acocurats, parti=-
oularly near reak efficiency.

2. The gains in top speed and oruising performance found for
NAOA 16 seotioned paddle blade propellers in flight tosts must therefore
be asoribed principally to the effects of the section shape.

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

4. Peak effiolencies for paddle bledes derived fram charts based
on single radius data from conventional propellers are reliable for tip
Mach numbors of about 0.6 but busomo pessimistio for higher tip speeds
(1+5 to 2% low for Mp = 0.85).

5. Tho moan stalling performanco of the paddlc blade is botter
than would be cxpected uven on an activity factor basis (when due
allowance hes been made for other variables such as root thickness).

€. Treating Cp for Cp = 0.1 as the stelling criterion, adoption
of the paddle plan form more than outweighs the thinning of the blade
section at I/ = 0.25 from 29.5% to 174

7+« It is clear that although the peddlou plan form ~pparently .
offers no direct shock stalling roliof, use of it togethur with thin,
thigh speed' sections will cncble improvamonts in top spoved performance
to be made with no reaulting loss and oven poasibly = gain in take=off
performance. Its use is thorefore fully Justifinble.

Liat of symbols

‘pood. of sound
blade chord
1ift coefficient
drag coefficient
diameter (ft.)
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torque coefficient

compressibillty drag power loss ocoefficient
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Mosquito propeller blades.

de Havilland Report R 139. Various supplements
1943 = L.

Sumary of de Havilland report No.R 139 with
same additional calculationa.
R.A.E. Teoh. Note No. Aero 1419. April 1944.

An estimation of the characteristios of NACA 16
propeller sections based on flight performanoce
trials. ,

R.A.E. Toch. Note No.lero 1626.

A.R.C. Repcrt NO.86500 AP, 502. Mrll 1910-5.

Revised oharts for the determination of the
static and take off thrust of a propeller.

Re e Be lbport No.Jlero 2155, JLRICC 9711-7, AP0566-
May 1946.

Charts for the determination of propeller
efficioncies in the olimbing and cruising ranges.
R....E. Report No..ilero 2022.

4.R.C. Report N008595, .’.._-P.lq.99. Fabma.ry 1945.

Revisod values of Cr, and Cp for Clark Y seotions
for use in propollcr strip thoory caloulations.
R.4i.B. Report ifo. 1973

AR.Ce Report N008177 AP.&-?Z

Septerber 194k (sce also R.& M.2036).
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Table 1

de Havilland Hornet "Paddle=blade™ propeller
Drg. Noe. P ll»5‘0-2536 .

Dlameter = 12 ft. Noe of blades' = 2

[+]
6 = .

My Kg Kp

0.00323 0.0528
0.671 040028 0.0387
0400223 0.0236
. 0.00141 0.0069
0.00040 =0+0114

0400336 060546
0400310 0.0456
0.00269 0+0332
0.00209 0.0196
0.001.2% 060032
000041 =0.0120
=0400095 =0.0376

0.00359 0.0573
0.00308 C.0410
0.00261 0.0295
0.00198 0.0151
0.00127 «0+0006
000049 ~0.0L48g

0.00379 0.0593
000334 0.045%
0.00291 0.0335
0400235 040204
0.00167 0.0056
0.00098 =0e0091
0.0000, «0.0163

0400415 0.0613
0400374 00497
04003275 0.0375
000279 00249
000213 0.0101
0.00150 =0+0038
0001125 =0+0112
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Table 2

4s Havilland Homet "Paddle~blade” propeller
T Drg. No. P h-5k2536 0

Dismetor = 12 £t. No. of blades = 2
. o 150

- >

0.00592
0.00552
0567 000477
0.00359
0.00198
0.00005

0400604
000592
000540
0.00467
0.00361
000227
0« 0007l
-0000019

0400640
0.00588
0400529
0.00453
0.00351
000230
0.00181

0400708
000676
000611
0.00552
0. 00481
0.00379
0600332

000748
0400689
0.00617
0+0054:2
000451
0400401

0.00707
000615 :
0.00535
0+004:84
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de Havilland Hamet "Paddle=blade” propeller
Drg. No. P 4542536

Dismoter = 12 rt.

6 = 19.9°

Mr

X

Ky

0e 00964
C. 00859
0+00758
CeC0583
0.LU337
000023

000929
0400854
000766
. 040062
0600441
0400222
0400082

' 0e 01041

Qe00989
000808

. 000692

0.00533
000454

0601140
0.01070
0+0100%
0.00937
0 00835
000738
0600680

Ce(C11.86
Ce 01063
Je01015
000941
Ce 00881

01023
040869
0.5692
0.0466
0.0223
"0'0026

0.0976
0.0846
00689
0.0504
0+0315
0.0120
00008

0.1081
0.0976
0.0861
0.0718
00563
00039,
0+0314

0.1121
041060
00981
0.0874
0.0735
040605
060534

0.1098
01013
C.C908
0.C795
00729




Dimmoter = 12 f¢t.

Isble b

Drg-No. P 45‘&2536
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de niunm Hornet "Paddle=blade® propsller

Noe of blades = 2

Kp

o L] 1193
0s1112
01030
00874
00639
00417
0.0189
0+0076

01198
0.1180
0e112%
0.1040
0.0922
0.0758
0.0577
0.0472

0.1221
01178
0.1136
041070
0.0977
0.0833
0.0762

0.1193
0s1165
0.1112
041037
0+0976
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Table 5

'

de Havilland Hormet "Paddle=blade™ propeller
Drg. No. Ph-54-2536

Ky

0.00573
0401032
0401389
0401880
0.01695
0.03351
0.0284,
0402632
002,23
0002216
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FIG. 3.

CODE .
PITCH TP
SETTING. | MACH NUMBER.

15°
19-9° } 0-57

25° (OR LESS).

35-1°
10° 0-68

10°

15° .
{‘, 9,} 0-785

25°

10°
{ls‘ 0-895
|99'

|0°
|s° 1-008

L 4 n i

02 0-4 06 o-8

MEAN C_ -C, CURVES BASED ON TRUE
SOLIDITY AT O7 RADIUS.

2V




'£5-0 =N YO4 SIAYND ° A D 4O NOSI¥VAWOD

/] el ol 8 2 14 2

REPORT AERO 2172.

*YOLIVE ALIAILOVY

40 SISVB V NO NOSIYVdWNO0I v 30IA0Yd (O) 2 @
‘avy £-0 (ALIG1N0S)

40 SISV ¥V NO NOSI¥YYIWO) ¥V 30iA0Y¥d (&) 3 (V)

‘g 30V19 3YidLIdS YOS SV INWVS

ALIQINOS
3HL S| §oTove aLiaioy VM

HINS ALIQINOS 3AILI33443 NO

g3sve 3aviE 370avd L3INYOH (O

\\

=

*avy -0 1V ALIOINOS 3NYL NO Q3sve
(viov 'V'Y) 3A0vV18 3Yidllds 10L0Y (&

*T1v4iS MOT138 3dVIE 3uldlidS Wod
g8 3AYWND HLIM IN3AN3IYIVY 3uNI3S 0L Q3LI3u¥u0)
379NV 14171 ON ONV ALIQITO0S HLIM 30Vv18 3704Qvd L3NYOH @

Favy £-0 LV ALIGNOS 3Nyl NO G3sve 30V18 3100vd L13NuoH )




REPORT AERO 2172.

FIG. S.

CURVES FOR HORNET ‘PADDLE BLADE' PROPELLER

ARE BASED ON AN EFFECTIVE SOLIDITY OF 0-0905.
' ACTIVITY FACTOR

THIS ENSURES THAT THE RATIO EFFECTIVE SOLIDN

1S THE SAME FOR BOTH PROPELLERS

Ea B. ACTIVITY FACTOR = — r'dr]

FOR COMPARISON OF pnop:u.m 'BESIGNS SEE FIG. 2.

ROTOL DE HAVILLAND HORNET

SPITFIRE |PADDLE BL
-
gt S
o]

BLADE

(R.A.4014)

o : : - o8 -0 }
G 2%

SEE 64-2.

COMPARISON OF C_ -C POLARS OF PROPELLERS
BASED ON ACTIVITY FACTORS.
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——-——=— ROTOL SPITFIRE BLADE (R.A.4014).

DE HAVILLAND HORNET BLADE ANALYSIS
BASED ON SOLIDITY CORRECTED SO THAT
dC,

BELOW STALL IS THE SAME FOR
d
THE TWO PROPELLERS.

SEE
§§4.2,9.3.

06 0-8 0 C, 12

COMPARISON OF C,-C POLARS OF PROPELLERS -
BASED ON CORRECTED SOLIDITIES.
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FIG. 9.

@,
LobE l:f” FOR DERIVATION OF A%
EFFICIENCY SEERSCl:
DUE TO FOR DISCUSSION OF
COMPRESS Y : RESULTS SEE €62
DRAG
RISE

: D

sy

09 My IO 08
TIP MACH NUMBER.

~——#—— FROM EXPERIMENTAL RESULTS.

+ USING DATA OF R.8 M.2036 AND NOT
ALLOWING FOR TWIST.

o ALLOWING FOR TWIST IN DETERMINING INCIDENCE
AND USING DRAG CRITICAL SPEEDS GIVEN IN FiIG.12.

COMPARISON OF VALUES OF EFFICIENCY LOSS
DUE TO COMPRESSIBILITY
FOUND BY EXPERIMENT AND CALCULATION.

() 04,a = 10°

T g6

s D e e - S0
EX IR LRy TNPY TR SR Wh 4
Al P
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FIG. 10.

_ 75%
EFFICIENCY
i LOSS Ay

5%

LA

o8 09 M -0
TIP MACH NUMBER

7.5%

47

5%
8y
EXPERIMENT

FOR DERIVATION OF 47n SEE §6G.),
FOR DISCUSSION OF RESULTS SEE §6.2.

COMPARISON OF VALUES OF

EFFICIENCY LOSS
DUE TO COMPRESSIBILITY

FOUND BY EXPERIMENT AND CALCULATION.
(W) & = (5° '
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FIG. II.

p———— T
. !

LOSS IN
EFFICIENCY

an

5%

/

08 My 09
TIP MACH NUMBER.

. R PRI P
[

4

0 Za
08 M 09 o7 08 M; O

FOR DERIVATION OF A7 SEE EGI;
FOR DISCUSSION OF REsuu’s skEE ge.z.

COMPARISON OF VALUES OF EFFICIENCY LOSS.
DUE TO COMPRESSIBILITY

FOUND BY EXPERIMENT AND CALCULATION.
(i) © = 19-9°
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FIG.13 & 14.

FIG.13.

/

TWIST
DUE TO ™|
CENTRIFUGAL

%
// fsg'ez

o o2 04 06 08 7/R 10

o)

- CALCULATED TWIST ALONG PADDLE BLADE.l

My =209 , T203 , 6,,°I5°

0-80
\
EPPICIENCY |
] DATUM ——
EFFICIENCY

\\r\.

DATUM
EFFICIENCY.

SEE
. 6.2

0-5 06 07 08 My 09
TIP MACH. NUMBER.
VARIATION OF EFFICIENCY
~ WITH TIP MACH No.

Op7a ® 19°9°.
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