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COQPARISON Or CALCULATED AND EXPERIMENTAL PROPELLZR
CHARACTERISTICS FOR FOUR-, SIX-, AND EIGHT-BLADE
SINGLE-ROTATING PROPELLERS
By Jekk L. Crigler

SUMMARY

The calculated performance of four-, six-, and
eight-blade single-rotating propellers has been compared
with experimental results for blade angles ranging from
28% & 65°. The experimental data were obtained on
prepeller® mounted in front of a streamline bedy wlth,a
spinner housing the hub. The calculated propeller per-
formance was found to be in good agreement with the
expepimental results over the compleBe range of blade
angle investigated. The method of ealeulabtions 4s pke-
sented in detail and a sample computation is included.

INTRODUCTION

The selectlon of a propeller for a new airplane
design may be based on either wind-tunnel test data or
theoretical calculations. Iftest data -are Lbed,
empirical corrections are applied, if required, for
changes in number of blades, activity factor, blade
thickness, airfoil section, Mach number, and body shape.
EENPEse empirdcal corrections are large, they bHecome
shesde temining factor im selecting the, propeliiers foF
the design application. The selection of propellers
based on theoretical calculations has been open to con-
siderable question because the theory strictly applles
only to the idealized propeller. f'rom time to time
calculated results have been compared with experimental
desizel for "a few blede angles, but a comparison ower @
wide range of blade angle for a propeller operating at
conditions giving nonoptimum load distribution has been
lacking.



A method of analysis is presented in detail and cal=-
culated results are compared with experimental results on
single-rotating propellers of four, six,rand eight blades
for blade-angle settings of 25°, 35°, 45°, 55°, ana 65°
at the 0.75 radius. The propeller tests (referencesz 1
and 2) of the Hamilton Standard propeller 3155-6 afford
an excellent opportunity for making such a comparison.

Tl sthis Test sebhpele interieofenee drag ' was small, the
velocity distribution in the plane of the propeller was
approximately free strean, and the airfoil section char-
acteristics were availahle for the test lMach numbers.
This information permitted a direct check between pro-
peller theory and experimental results without the use of
empirical corrections.

Thie neftindd L ealchlations i based “on ¥he Sropeller
theory as used by Lock. e lPorrdcoioy e cus ~ipEe
finite number of blades as obtained from CGoldstein (for
the BweslEgE "or opelll et dr. d "exPended-by "Lock for “ofher
tlade numbers) are strictly limited to a very light
loading and to a particular distribution of circulation
along the blade. MoPy Ehi e Trefs o thereVias "Deen. €bMme
* hes ey M faeThp ‘the G6Ydstein correcticdns for ety osher
distributions of loading. Tie "6pt imun "ANSERBUTET Q1T tapF
1 omdiing (F@sheeih 'CoMpar®d with The actusl "iStributen
for the Hamilton Standard propeller 3155-6 at a nuwaber of
operating conditions. The degree to which the calculated
and experimental propeller characteristics agree over the
entire range of blade angle is an indication of the
HelEl vy ol the coFre@blon factors,

SYMBOLS
a axial-velocity interference factor
B number of propeller blades
b chord of propeller blade element
Cp section drag coefficient (50/%pv2b)
s .v T gy 71 .2,
Gy section 1ift coefficient (L/zpv D

\
Cp power coefficient (P/pn®p® ) 3
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torque coefficient (Q/pnzDS)
thrust coefflcient (T/pn2D4)
propeller diameter

drag =¥ blade element

Goldstein correction factor for finite nuwaber of

blades
thickness of propeller blade element
advance-diameter ratio (V/nD)

1ift <~ blade section

rotational speed of propeller, revolutions per

second
geometric pitch of propeller
input power of propeller
torque of propeller
radius to any blade element
tip radius
thrust of propeller
axlel veloclity of propeller
radial location of blade element (r/R)
angle of attack
propeller blade angle at 0,75 radius
tan~1 g% ‘
angle of inflow (f - Z,)
pfopeller blade angle at radius r

maes demsaty of+al®



o propeller element solidity (Bb/2nr)
" v
¢o angle of advance of propsller Gan 1 Fﬁﬁﬁ
)] angle of resultant velocity to plarne of rotation

erepeller or ¢lemeni” eFiTclercy
BASIC DATA AND METHODS

e ehersctierlistiwe Lo the airfoll sections frTem
B =080 to = =!0,0% @l W FIgUrer 1 arkl'® Worse
palserh Friom nefePence. 3. The section at the 0.45 radius
Sste e dint rod Clark Y sectlon rivad she "98iions Prom the
Pt pediie Lte E®he ltip ere Clark Y sectiomss ;. pata for
tiae | et Tour SsClilic's ot ety we rs obtalfnediby ¢crosis
fairing. ‘Thie segt¥olm B & = 0.3 was arlieroiw ly ¢iden
a €p of 0,10 and a slope of 1ift curve of 0.045 per
degree with gero 1lift at '™ = 0°, The charactsristics at
X = 0.5 are only approximate but, sinec=s ths torque absorbed
S Plimes)  rabdile gs (smad B, bINwstE el Glese’ chalateerasties
13 covigidsred) satisfactory. Inasmuch as ths average spin-
ner radius for the expsrimental results of rsferences 1 and
2 was 0,21R, ths calculatsd curvss prsssnted hersin were
Sl @i ab the (081 radifuel " B tNotgn ST STCEdOT e the
0.2 radius was compubted to ald in fairing the curves.
The ssction at the 0.2 radius 1s almost clrcular and was
assumed to opsrate at zero lift and constant Cp of 0.4,

The mefheod wsed Tor computing ths €lement thruet End
element BOrgue cosfTleishites e glven Wi deteil With a
sample computation. The following data are required:

(1) The propeller blade plan form and pitch distri-
Pk Tenl { fdgs 3) - _ '

(2) The numbzsr of bladss

(3) The 1ift and drag characteristics of the blade
sections at each radius (figs. 1 and 2)

Element calculations can be mads for as many radil as
desureds In making these element calculations the blade
angle at each radius and the operating V/nD are re-
grakifee de The precedure at radius', xt Lol lLews:



(1) Obtain ﬁo from

RS 57+
ﬁo = e .

(2) Obtain a + € from -
(@ + €'=/8 - Fo)

where € 1is the blade'angle at the ‘chosen radius,

(3) Assume a valus of a and obtain the corre-
spoiiding value of Cp fzom alrfoil ssetion'icharactefs
1StiCS. = . "

BN T ind L@ 'from the formula

OCL

tan ¢ =
4F sin Z

Using @, dinstead of g, and F obtained from @,

gives an approximation to €. Using £ equal to

o * €Capprox F£ilves a second approximation to €. The

value of "¢ is thus found by successive approximations,
but the second approximation usualiy glves €. to the

degured [degree ol ageurscy. (Fig. 4, tsken from refer-

ence 4, may be used in figging €. instead of ®olviag

the equation tan ¢ = Ll In Bhis” figuke, 6 }s
4} sin L

given in terms of nDx/V and OoCr/F instead of as & ‘
function of 4. In this case, .the first approximatioy

is wawally sufficiently accurate, the onrnly approxIm@ftisin
being the use of F based on @, instead of 4.) ,

(5) Determine F from figure 5 (data taken from |
referenceﬁ$?,where P is plotted.against

(6) Repeat calculations of a and ‘¢ with the rew
assumed a from step (3) and plot a against a+ €i
This plot ailds in reducing calculations because the value
of @ + ¢ that equals 8 - g, gives the desired a
and €. ‘



S ERNEd 4 From

Cp
tan = =
b oL,
The final torque and thrust coefficlents are thus
given as

EE@ g as dl_ e L i eoih 4 tan vy

gz 2 SaB ( ¢ 2

(cot 6+ 53)

dCrp ¥ cot @ = tan ¥

. &
e N X ey Uy
cot ¢ ap -—*—{)

The contributions of thrust and torque at the 0.2
radius were computed on the assumption that there was no
WiE en @his section. The value of €y was accordingly

put equal to Zero and the axlial inflow was neglected In
the ealewvila@icwns . The element thrust coefficient

ac 2 2.
T _ P (1+e .
= = B 2 2~ oy, cos # - Cp sin )
sin ﬁ

re#uces to

dc
T _ eI ar> z
= Haon Sy S Y79 & (G
X J2

i 4 sin 5
|

and ‘the element torque coefficient

dac 2 2 B,
8w B (1 +.8) 1
T T IR oz y (CL sin g + Cp cos f)



reduces to

ac N r ——
G o a= 2 2
T - oCp 5 VJ + (mx)
oo
3 5% J
e 8 sin ﬁ

Ac an example in the use of the method, computations
are given in table T for the four-blade single-~rotating
propeller having a Familton utandara 31E5-6 blade set at

45° at the 0.75 radius snd operating at & V/nD of 1.8.
The differential-thrust and the differential-torque dis-
GEEEen fran-tabdle I ks plotted -in figure. §. C urvies

of this type were cconstructed and from them the calcu-
lated propeller characteristics were made. (See figs. 8
tie 15, ) fihe- rarge of the calculatgd curves 18, ISRGESl

to the stalling angles of the alrfoil sections, the maxi-
mum allowable value of the 1ift coefficient at any sectlion
DEse [about 1.0. This value depends on the airfoil sec-
CloRManc 1ts thickness ratio.

ESULTS AND DISCUSSION

g e ier, P, whieh Is & eorweetiean, £8T Tiniide
number of blades as given by Goldstein's analysis, is
derived for the case of a very light loading and a
particular distribution of circulation along the blade.
e o e L bty of - thig factor fer computing: the Perfome
mance of prorellers with other loadings is determined
by comparison with experimental reqults The calculated
distributions of the element load coefficient for thre
test propeller at ueveral operating conditions are com-
pared in figure 7 with the optimum distributions from
reference 4. Although the distribution varies widely
from the optimum in many cases, notably at high values
of V/uD, the computed propeller coefficients are in
close agreement with the experimental values. &3
therefore concluded that the correctlion factors are
safficiently 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 eight-blade propeller (reference 2)
are compared wlth the calculated characteristics in
B Fhines M8 Foh 135, Figure 14 ls a composite of the thrust
@uiryes ToT sy Compérison. The agreement is very good
in all capes except for the elght-blade propeller when
BETEE®  ana e5P.

Figure 1t compares the experimental and calculated
efficiencics of the four-, six-, and eight-blade pro-
pelilarsl ower the' entiree range of blade siigle. As would
be expected, the calculated values give smoothly fsasired
curves, which show that the highest efficiency envelope
is obtalned with the four-vlade propeller and the lowest
efflieiency with the eight-blade propeller. The experi-
mehtél curves show the same trends and the variations
between the two sets are considered to be within the
Ul e N T Sehe Soes SNt Llle ' maln' discrepency belng &b the
65° blade-angle settings.

CONCLUSION

The calculated and experimental performances of four-,
six-, and eight-blade single-rotating propellers have been
compared. It is concluded from this comparison that the
performance of a propeller can be accurately calculated if
plecuesarttys dh st Bttiion in the plane of the pnopeliletr,
bhe propelliers aTTgol TsEc tion chardcteristics, and the
propecller plan form are known.

Langley Memorial Aeronautical Laboratory,
Netional Advisory Committee for Aeronautics,
Lengley Mield, Va.
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TABLE I.-

K

COMPUTATION OF PROPELLER TTRUST AND TORQUE COEFFICIENTS
45°; V/uD = 1.8; B =-4]

0T

T

x Y_Zri") }Z)'O & |a+te 153 a € g I Cy, L/D tana | cot @ dCQ/dx ACp/dx
X
0.3 [1.90$9(62.56|65.85[4.4910.212 |5.95/0.54{ 62.90{1.091{0.177| 1.77{0.5650]0.5117}0.0061 |-0.0017
.45(1.2732 |51.85| 57.50]5.65| .1935(|2.85| 2.80! 54.65] .917| .758(59.7 | .0168| .7094| .0502| .1524
.6 | .9549 (43,68} 50.45}6.77| .1881]3.60 3.17i46.85 1B 2762 TTRal QAT 9374 REE00. 2767
o7 | .8186539.30] 45.65|7.35] -.1380]4.23| 5.12, 42.42% .698} +748176.4 | .0I31[1.0944] *1088| .3356
.8 1. g2 as, o1 aB A5 ey gL TIals, 12 S8 an 508y 773 | Tt W ~LOUSTTT (9489 M TTIT | T 2658
.9 | .6366!32.48]40.85{8.37| .0717}5.08| 3.29| 35.77 .422| .792{73.1 | .0137]1.3381; .1201; .3601
.95| .60311{31.0939.70|8.61| .0541|5.06| 3.55 34.64{ .301| .783{72.1 | .0139[1.4474| .1058| .3120
|
J, —
x & e i (rx)? < ke dco/dx ac /d%
) ) sin @ 3 Q T
042 0.255 0.102 CRESTY 0.395 1.907 0.0099 0.0019 ~0,0550
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Figs. 2,3
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Fig. 4
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Fig. 5a
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Fig. 5b
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