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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFILDENTIAL REPORT

COITPARTISON OF CALCULATED AND EXPERIMENTAL PROPELLER
CHARACTERISTICS FOR ¥OUR-, SIX-, AND EIGHT-BLADEL
SIﬁGLE—ROTATING PROPELLERS

By John L. Crigler
SUMMARY

The calculated performance of four-, =ix-, and
elght-blade single-rotating propellsrs haq been compared
With experlmenfdl results for blade angles ranging from
25° to 65 The experimental data were obtained on
propellers mounted in front of a streamline body with a
spinner housing the hub. The calculated proneller per-
formance was found to be in good agreement with the
experimental results over the complete range of blade
angle investigated. The method of calculations is pre-
sented in detall and a sample computation is included.

INTRODUCTICN

The selectlon of a propeller for a airplane
design may be based on either wind~tunnel test data or
theoretical calculations. If test data are used,
emplrical corrections are applied, i required, for
changes Iin number of blades, activity factor, blade
thickness, airfoll sectlon, Mach number, and body shape.
If these empirical corrections are large, they become
the determining factor 1n selecting the propeller for
the design application. The selection of propellers
based on theoretical calculations has been open to con-
slderable question because the theory strictly applies
only to the 1dealized propeller. From time to time
calculated results have been compared wlth experimental
data for a few blade angles, but a compariscn over a
wide range of blade angle for a propeller operating at
conditlions gilving nonoptimum load distribution has been
lacking.



A method of analys's is presented in detail and cal=
culated results are compared with experimental results on
sirgle-rotating prorellers of four, six, and elght blades
for blade-angle settings of 259, 359, 45°, 55°, and 65°
at the 0.75 radius. The propeller tests (references 1
and 2) of the Hamilton Standard propeller 2158-6 aflord
an excellent opporbtunity for making such a comparicon.

On thils test setup the interierence drap was small, the
velocity distribution in the plane of the propeller was
anproximately free strear, and the airfoil sectlon char-
acteristices were avallahle for the fest lach numbers.
This information permltted a direct check between pro-
peller theory and experimental results without the use of
empirlcal correctiors.

The method of calculations is rased on the propeller
theory as used hy Lock. The correction factors for a
finite number of blades ag obtained from CGoldstein (for
the two-hlade propeller ar.d extended by Lock for other
blade n'miters) are strictly limited to a very light
loading and to a particular distribution of circulation
along the blade. Tor thls reason there bas been some
hesitancy in using the Goldstein corrections for any other
distributions of loading. The optimum distribution of
loading is herein compared with the actual distribution
for the Hamilton Standard proreller 21585-€ at a number of
operating conditlions. The degree to which the calculated
and experimental propeller characteristics agree over the
entire range of blade angle 1s an Indlcation of the
validity of tk‘correction factors.

SYMBOLS

a axial-veloclity interference factor
B number c¢f propeller blades

b chord of propeller blade element

Cp section drag coeffilclient (50/%pv2b)
cr, section 11ft coefficlent (L/%pvzﬁ)

Cp power coefficient (P/pn5D5 )
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torque coefficlent (Q/pngDE)
thirast coefficlent (T/pn2D4)
propeller diameter

drag <1 blade element

Goldstein correction factor for finite nuber of
blades

thiclness of propeller blade element

~advance-dlameter ratio {(V/nd)

1ift 71 blede section

rotaticnal speed of propeller, revolutlions per
second

geometrlic pitech of propeller

input power of propeller

terque of propeller

radius to any blade element

tip radius -
thrust of propeller

exial velocity of propeller

radial location of blade element (r/R)
anrle of attacl:

propeller blade angle-at 0,75 radlus
tan~1 g%

angle of inflow (4 - £5)

proneller blade angle at radius r

mass density of alr
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(o} rropeller elemant solidity (Bb/2nr)

7 nnle of aavanse of propsll tan~l =L

26 anzle of advance of prop:zller . T

% ancle of resultant veloclty to plane of rctation
7 rropeller or sloment efficiency

RLSTC DATA AND NMTTHODS

istics for the alirfoi) sectlons [rom
x = 0.45 to x = 0.95 given in figures 1 ard 2 wers
taken from refsrance 2, The section at the 0.45 radins
ia a nﬂulfluu Olarl ¥ sectiorn and ths cections IT'rem che
Clark ¥ ssctions. Dauta for
3

Te charactsasr

0.6 rzdivs to the tip are
the z3z2ction thickrnessas usaed ws:rs obitainsd by crosg

falring, fhe saeetion a2t x = 0.3 was arbltrarily civen
a Cp o¢f 2.10 and a slope of 1ift curve of (.,045 per

RS is arall, ths us: of thees characteristics
is considzsrsd eat

ner radiue for thw exn.rimsntal results of vafersncss 1

2 was 0,217, ths celeulatsd curvess prescntad hersin wave
cut off at the 0.21 radius, although the scetion at the
0.2 radius was computzd to ald in failring the curvas.

Th2 s=sction at the 0.2 radiuns is almost clrcular and was
assumzd to opsrats at zero 1ift and concstant Cp of C.4.

D

The mathod used for computing the slsmesnt thrust and
elemsnt torque coofficisnts is given in detall with a
sample computation. mhs following data arse reguired:

(1) Ths propellsr blade plan form and pitch distri-
bution (fig. 3)

(2) The numbzr of hlades

(3) The 1ift and drag characterlistics of thz blade
sections at each radius (figs. 1 ard 2)

Element celenlations can be mads for as many radii as
desirszd, In making these clomsent calculations thie blade
angle at each radius and the operating V/nD ars re-

guirsd. The procedurs at radius x follows:

- » o] | n o
ro i1ift at a =0 The charactoristics at
11y approximate bUb, gincs ths torque absorhed

sfact OTV. Inasmuch as tha averag: svin-
and



(1) Obtain &, from

_ -1 ¥/nD
fo = tan™* L

(2) Obtain a + ¢ fronm
(@ + €=/8 ~ &)

where 6 13 the blade angle at the chosen radius.

(3) Asswme a velue of a and obtaln the corre-
sponding value of (€1 from alrfoil sscticn character-
I1stlces.,

(1) Find € from the formula

OCL

tan € = ——
4F sin B

Using @y, fustead of g, and F obtained from f,

gives an approximation to ¢. Using ¢ equal to

o * €approx flves a second approximaetion to €. The

vaiue of ¢ 1is thus fourd by successlive approximations,
but the gecond approximation usually gives ¢ to the

desired Cegree of accursacy. (Fig. 4, taken from refer-

ence 4, may be used In figging € 1Instead of solving

the equatlon tan ¢ = - L_, In this figure, € 1s
© 4F sin

given in terms of nDx/Y and OCr/F instead of as a

furnction of @g. In this case, the first approximation
is usuwally sufficiently accurate, the only approximation
belng the use of F based on @, Iinstead of g.)

(5) Determine F from figure 5 (data tealen from
reference#QL where ' 1s plotted against g.

(6) Reveat calculatlions of a and € with the new
assumed a from step {3) and plot a against a + €.
This plot alds in reducling calculations because the value
of a + ¢ that equals 8 - g, gives the desired «
and €.



(7) Find 4 from

Cp
tan ¥ = =~
Cr,

The final torgue and thrust coefficlents are thus
glven asg

Hq_F 24 _<c 1+ cotf ey
dx T~ 2 " 873 o, N
\cot o+ g’,{;ﬁ)

-
ACqp B3 € cot ~ tan ¥
et = FWYXY - - :
A 87,3 e \&
cot & + T
1S YW

™e contributions of thrust and torque at the C.2
radius were compuited on the assumntion that there was no
1ift on this section. The value of C; was accoraingly

Epv)
put equal to zero and the axial inflow was neglected in
the calcnlatlions. The element thrust coefflcilent

ACp  ppJ° (1 + a)

(CL cos & - Cpy ein %)

ax- T TR o
( ’ sin2 ﬁ

reduces to

I

ac ——
E}g -oCp =X JWﬁa + (mx)“

1

—GCD'TT gin 5

and the element torque coefflclient

)
2

1)2
4

(CL sin § + Cp cos #)

ACy  mpacx (1
dx T 16R 5

+
ps
ind
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Q _ X 2 4 2
—— I — e + T
=% oCp 5 VJ (1x)
= oC ﬁgxs J
- %D T8 Sin B

As &n example in the usc of the method, computations
are gilven in table T for the four«blade single-rotating
propeller huving & Familton Standard 31£56-6 blade set at
45° at the 0.75 rudius &nd operating at a V/rD of 1.8.
The differential-tlruast and the differential-torque dis-
tribution from table T 1s plotted in figure 6. Curves
of this type were constructed and from them the calcu-
lated propeller characteristlcs were made, (See figs, 8
to 13.) The range of the calculated curves is limited
to the stalling angles of the alrfoil sections, the maxi-
mum allowable value of the 1ift coefficlient at any section
being ahout 1.0, This value depends or the airfoil sec-
tion and its thiclmess ratio.

RUSULTS AND DISCUSSION

The factor F, which 1s a correction for finite
nurmber of blades as glven by Coldstein's analysis, 1is
derived for itre case of & very light loadling and a
particular distribution of circulation along the blade.
The suitability of this factor for computing the perfor-
mance of prorellers with other loadings is determined
by comparison with experimental results. The calculated
distributions of the element load coefficlent for the
test propeller at several operating condltions are com-
pared 1In figure 7 with the optimum distributions I'rom
rcference 4. Although the distribution varles widely
from the optimum in many casers, notably at high valves
of V/nD, the computed propeller coefficients are in
close agreement with the experimental values. It 1is
therefore concluded that the correction factors are
sufficiently accurate for practical propeller calcula-
tions.,



The experimental propeller characteristics of the
single~rotating four- and six-blade propellers (refer-
ence 1) and of the elight-blade propeller (reference 2)
ere compared with the calculated characteristics in
figures 8 to 13, Figure 14 is & composite of the thrust
curves for easy comparison. The agreement 1s very gocd
in all cases except for the eight-blade propeller when
3 = 55° ana 65°.

Figure 15 compares the experimental arnd calculated
efficlencics of the four-, six-, and eight-blade pro-
pellers over the entire range of blade anrle. As would
be expected, the calculated values give smoothly faired
curves, which show that the hichest efficlerncy envelore
is obtained with the fcur-blade propeller and the lowest
efficiency witn the eight-blade propeller. The experi=-
mental curves show the same trends and the variations
between the two sets are considered to be within the
accuracy of the tests, the main discrepancy belng at the
65° hlade-angle settings.

CCHCLUSION

The calculated and experimental performances of four-,
gix-, and eight-blade single-rotating propellers have been
compnared., Tt is concluded from this comparlson that the
performance of a propeller can be accurately calculated if
the veloccity distribution In the plane of the propeller,
the mropeller airfoll section characteristics, and the
propeller plan form are known.

Langley lMemorial Aeronautical Laboratory,
Natlionel Advisory Cormittee for Aeronautics,
Lengley Fiela, Va.
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Fig. 12
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Fig. 13b
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