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Introduction.

’i"hﬁ ‘m"tp“ theory of alrser
R, & M. and R. & M. 86¢
alrscrew in the ordinary proj m%n@ ata‘iﬁ and in one part of
the windmill brake r’etat@, ’Uut ‘i}‘w theory cannot }w applied
to the vortex rin i ‘(fﬂ}ﬁ ;HM of the wi ,zzdzmd
brake @:’m’w {fﬂmmma? and
1 ical &wzmwmwhaa seen made
z’ia in zep{}z"* i’,. &, 3}., 1014, and this discussion ka%
ed the general nature of the ristic curve in the
region where the vortex theory breaks down. The present
report is attempt to give precision to the characteristic curve
in this region by means of the analysis of suitable experimental
data,
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of airserew theory may then be conceived as the determination
of the relationship connecting F and f 1
of the airscrew. This relationship is
1 i . ,
curve {ﬁm% against and this curve may be called the charag
teristic curve of an airscrew. F and [ are e
sign and it is sufficient to plot the chara
positive quadrant. The s of the pi@
same as that of 7.
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The profile drag coefficient &, is also small and
it is suffici Cnfﬁx accurate to calculate the
approximate { srmula

b L

i0r fﬂd’ﬂ ki

4777

By means of equati <>m (1y and

a function of ’M}P a velocity u and the final ste
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teristic curve connecting F and f.

The vortex theory of airscrews debe ermines the relations)

between F and f by means of the momentum equation
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where u, is the axial velocity in the final slipstream, and
considering the nature of the vortex system this 1 moment
equation is transformed to
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This result l‘Pim% to a propulsive airscrew and in the wind
brake state the sign of the m mzz@mum .quation must be ¢h

The corresponding branch of the « teristic curve is




In equations (
irrespective of the The vortex theory
of airscrev :ASE8 fw %}@ rn 1(2 %3’11; zmmw*ﬁﬁv greater
than unity and is probably of poor accuracy when ¥ is slightly
ioss than “thi ing value.

The conclusions drawn from the vortex theory of airscrews
are based on the assumption that the interfer velocity at
the airscrew disc mav be caloulated on the s ssumption that the
vortex m of the slipstream extends backwards from the
sirserew  without s contraction. More recently an attempt
has been made to estimate the effect of the contraction of the
slipstream™ and the character : curve in the propulsive state

crew is found to agree sensibly with the formula proposed
by Mr. Lock.

o

=

of an air

‘g' B Iy
FER TR e (8)
agrees closely with the vortex theory
vmzaﬂw rom it ahs»} tly as the thrust increases.
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and bg' the modified the are shown in Fig. 1. The object
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e:mu%i m reports R, & M,
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885 and R, & M. 1014 and in
hich record the thrust of an al SW Whose
aercfoils of constant chord, section, and

2 hod of Analysis,

Uonsider an airscrew formed of %} idésn’ziml blades of ¢
chord ¢ and constant H

wstant
f the blades extend fro
area is

and the solidity is

If agy is the ang

le of no lift of the aercfcil section forming
the blades, the blade angle measured from the no 1ift line is
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of the blade element at radial distance ¢ is
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and the corresponding lift coefficient will be taken to be

fog == 3 (0 ).

* This analysis wil
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Assuming the axial velocity # to be uniform over all the blade
elements, and writing

2 == 2 KO
the thrust of the airscrew is obtained as
;R
i :_»j Bbepr*® (0 - &) dr
R
R
= { ‘éw;ﬂz (8r2 o ar B dr
o

Squation (9) determines the value of the pmgm;ﬁw % in terms
of the thrust 7' and the rate of rotation @ since all the other
guantities involved in the equation are known.

But by integration of equations (1) and (2Z) we have
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and hence
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Thus F is determined
mined as a function of

2. and f is deter-

3. Analysis of N.AC.A. Note 221.
This note recovds the drag of a number of windmills rotating
freely at zero torgue.  The principal characteristics were
b=2and4 c=77 K=380 =14
80 that o = 0-0408 .
T}p aez“efoﬂ ﬂ@’cﬁ(m Ym% i}um,ud 53 V"bow ,
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e the analvsis
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The full details of this analysis are ;;‘iw%u in Table 1. The
walues of fand F oarve also shown in Fig. 1, but ﬁ%a’* small values
{;’% B the gmzném represent the mean of a group of three angles

ead of the individual results in order to even out accidental

These experimental results were obtained in an open jeb
wind tunnel for which the tunnel interference on an airscrew
is believed to be igible. The results therefore represent
free air conditions.

Analysis of Report £. & M. 885,

report containg the drag of four windmills rotating
|

at zero torque, The principal characteristics were

2 =25 B=18 €=

80 that o = 0-0737.

The aerodynamic data of the serofoil section are included
in the report, and by taking the slope of the lift curve above
kg == 014 the no Lift angle fw found to be 2796 or ay = 0045

As in the previous case, the experiments debermine the value
of A and ky, dml the 301?@2%13&‘ for the analysis become
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Mr. Lock has provid
ments which ms
in two different wavs, using

(1) the uncorrected velocity as given by the ordinary

tunnel gauge ; '

(2) the corrected velocity obtained from the plane of
the airscrew disc,

The details of the analysis arve given in Table 2. The cor-
rection to the velocity does not alter the values of » or F, but
1

it increases the value of



&

with the %m'*'mm resnlts, showing therefore that the method

of estimating the equivalent free air speed for experiments in &
closed ftunnel from the spesd in the plane of the 2 '

is reasonably accurate.

5. Analysis of Report B, & M. 1014,
The experiments described in this report were obtained with
the airscrew desoribed in Report R. & M. 885, %ui ‘
blade angles were used and the experimer
range of rates of ‘s,dv ance of the airsorew. The resulls are
as @h{e values of Ly and J based on ?;%z@ uncorrected tunnel
and the appropriate formule for the anlaysis are
= kp — 0683 p — 0-031

Al the ’*’qw‘m;w ”3, points have been anaiysed
method and the results are shown in Fig together
uncorrected values from Report R, & K. 8¢ The resulis
determine a mean curve m?ﬂ fair accuracy, although they are
rather scatte h{% in the windn brake st The mean curve
in the windmill brake ibly a little lower than the
curve given }~, the exper A

w'?—
i~
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ments of if* sort B, & M. 885,

racte

In order to d@{ uce the bhest empirical curve connecting F
and f, 3% is necessary to know the magnitude of the wind tunnel
interference on the experimental sults shown in Fig, 2
ﬁhmmgn the exact magnitude of this correction is still rather
, we know that its effect is to raise the experime

points in the windmill brake state and to lower the points in
the propeller state,
%?1 t? e windmill brake state the expertmental points deduced
from . & M. 885 are brought into agreement with the American
results from an open jet channel by using the speed in the plane
of the airscrew disc instead of the uncorrected tunnel \}(Wf“f
This method of correction may therefore be wwptm% as reasonably
accurate in this range and the empirical curve deduced from the
observations is then of the form shown in Fig. 1. It touches the

1 ‘ .
ordinate axis at - == 2 and runs smoothly into the theoretical

]
curve of the vortex theory at— == 2. This curve is also shown

rg

in Fig. 2 in order
interference.

the magnitude of the tunnel
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[n the propeller state the experimental points shown in

be lowered when the tunne! correction is

experiments suggest that the static condition is

) ‘s’»ﬁixl is in accordance v
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agnitude, and even ?%w

E*z*ul v in the vortex ring state the

sign, of the t unknown but the expe
mental point propeller and windmill hmm

hranches of the charact CUIVEe mMAay

, be joined suitably by
the curve shown in Figs. 1 and 2.

The characte curve in iree air now b hv form shown
in Figs. | and 2, which fits *fzw experimental points with good
when the tunnel interference correction is applied, over

the whole range.
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The characteristic curve has been deduced from experiments
with alr whose blades are formed of aerofoils of constant
i nee. be checked by uging the curve
estimate %w charact sirserews of conventional design,
he established finally until i;‘ tunnel interference
is imm& n accurately all working states or until

Whe are avail mnh an open jet type of

i

ey

tunnel,
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I'he empirical part of the characteristic curve iy defined
by the following co-ordinates :—

F i 2 4 y z 7 +

D-80 0-50 Y o-64 17
341 63 4-50 5-33 6-23
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