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COHPAR!_ON OF CALCULATED AND EXPERIL_ENTAL PROPELLER

CHARACT_RI_TICS FOR FOUR-, SIX-, AND EIGHT-BLADE

S INGLE-ROTAT ING PROPELLERS

By John L. Crigler

SULq,IARY

The calculated perfor_ance of four-, six-_ and
eight-blade single-rotating propellers has been compared

with experimental results for blade angles ranging from
25 ° to 65 ° . The exp_rimental data were obtained on

propellers mounted in front of a streamline body with a

spinner housing the hub. The calculated propeller 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 detail and a sample computstlon is included.

INTRODUCTION

The selection of a propeller for a _ airplane

design may be based on either wind-tunnel test data or

theoretical calculations. If test data are used,

empirical corrections are applied, if required_ for

changes in n_mber of blades, activity factor, blade

thickness, airfoil section, Mach number, and body shape.

If these ompirlcal corrections are large, they become

the dete_ninlng factor in selecting the propeller for
the design application. The selection of propell6rs

based on theoretical calculations has been open to con-

siderable question because the theory strictly applies
only to the idealized propeller. From time to time

calculated results have been compare@ with experimental
data for a few blade angles, but a comparison over a

wide range of blade angle for a propeller operatlng at

conditions giving nonoptimlm_ load distribution has been

lacking.
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A method of analysis is presented in detail and cal-
culated results are compared with experi_ental results on
sing!e-rotath:g, . propellers of four, six, and ei__ht_ blades
for blade-angle settings of 25 °, 35 °, 45°, 55°, and 65°
at the 0.75 radius. The propeller tests (references I
and 2) of the _.ami!ton Standard propeller ,315S-6 _ _

an excellent opportunit 7 for makln_ such a comparison.

On tbls test setup the interference drag was small, the

velocltv distribution in the plene of the propeller v:as

approximately free stream, and the airfoil section char-
acterist__cs were available for the test '!ach mhmbers.

Th_s information permitted a d_rect check bet_,;een pro-

peller theory and experimental results without the use of

empirical correctlors.

The method of calculations is based on the propeller
e f"theory as used by Lock. Tn, correction _actors for a

finite n_mqber of blades as obtained from Goldstein (for

the two-blade propeller and extended by Lock for other

blade n_miDera) are strictly limited to a very light

loading and to a particular distribution of circulation

along the blade. For this resson there has been _o_e
hes!tanc?r in usin_ the Goldsteln corrections for any other

distributions of loading. The optimum distribution of

loading is herein compared v,'ith the actual distribution
for the Hamilton Standar_ propeller 3155-f at a n_nuber of

operating conditions. The de_ree to which the calculated

and experimental propeller characteristics agree over the

entire range of blade angle is an indication of the
validity of t!_orrect!on factors.

SYMBOLS

a

B

b

CD

CL

Cp

axial-velocity interference factor

number of propeller blades

chord of propeller blade element

power coefficient (P/on3D 5 )
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torque coefficient

thrust coefficient

propeller diameter

dra_ ,",f blade element

C.oldstein correction factor for finite n_;iber of
blades

thickness of propeller blade element

sdvance-diamet er ratio (V/nD)

lift ",i 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

axial velocity of propeller

radial location of blade element

an_le of attac].:

propeller blade angle.at 0.75 radius

tan-I CD

angle of inflow (_- _'o)

propeller blade ang!e at radius r

mass density of air

(r/r{)
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/o

J

_;ropel]er element so].idit y (Bb/2Kr)

an(_:l<_of aavance of propi_ller (tan-i _-_V_

a r_<lo of resultant velocity to plane of retatic, n

profe}ler or eloment efficiencu

_LSIC DATA A}_,DMETHODS

The character]_stics for the a._rfoi_ sections from

x = 0.48 to x : 0.9S giv::_.uin fi_m_res i a_d o were
taken .+"_om _>_eere:,_ce _ The section at tn, 0.45. radius

is a m,ndifiec_ C].a;_d<v secti_n and tho sections f_om th_

0.6 radius to the tio are Clark 7 s:gctions. Data for

the sacti<:,n t.hic]._.ness_s used ,,_,._::,_ obl_ained by cross

fair.lug. The s3ction at x : 0.5 was as_bit_'ari!} _ c]iven

a CD c£ 0.]0 and a slope of lift curvG of 0.045 rJer

degr:_e with zero lift at _ = 0°. The c_a_act_z,-lstics.., , at

x = 0.3 ar:e on]Ti approxi_:_ate but, sine:) t]:i<_torqm_ ar)sorbed

at this Yadius is small, th<_ _s,_ of t.h.,_sc_character_istics
is co'nsidsr_c_ satisfactory. Inasmuch as the av<_rag_ sp._m-
net radius f'o__ th::_ex_)_:_i'm,_ntal r_sults of r_'fereuc<_s ! _d

_as 0.2,1]_, th _, cslc_ist,)d curves p_'esont_d herein we,:.:,e

cut off at the 0._,_! radius, althous(h the s_ction at the

0.2 radius was compute<! to aid in fairing the curves.
Th_ section at the O.S radi_ts is almost circular and was

assumed to op_rate at zero lift and constant CD of 0.4.

The method used for computi:tg tho element thrust and

element torque coefficients is given in detail with a

sample computation. The following data are required:

(!) Th-o propeller blade plan form and pitch distri-

bution (fig. _)

(2,) The numab_r of blade, s

4(3) The lift and dra_ character_st_cs of the blade
sections at each radius (figs. 1 and. _)

Element ca!c_,lat_Lons can be made for as man.v radii as

desired. In making th_,'se e!oment calculations the blade
angle at each radius an4 the operating V/riD are re-

quired. The procedur_ at radius x follows:
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(I) Obtain _o from

_0 - tan-1 V,/nD
wx

(2) Obtain _ + ¢ from

+ c,=:'e -.

where % In the blade angle at the chosen radius.

(3) Ass_ae a value of _ and obtain the co J_re-

spondin_ value of CL from airfoil section characte_r-
istics.

(4) Find ¢ from the formula

tan g -

Using _o, _nstead of _, and F obtained from _o

gives am approximation to c. Using _ equal to

_o + Capprox _ives a second approximation to ¢. Tho

value of ¢ is thus found by successive approximations,
but the second approxi1_lation usually gives c to the

desired degree of accuracy. (Fig. 4, taken from refer-

ence 4, may be used in finding c instead of solving
oC L

the equation tan ¢ - 4F sin _. In this figure, ¢ is

given in terms of nDx/V and OCL/F instead of as a

f_nction of _. In this case, the first approximation

is usually sufficiently accurate_ the only approximation

being the use of F based on _o instead of _.)

(5) Det_:rmine F from figure 5 (data taken from

reference_], where F is plotted against _.

(6) ReDeat calculations of _ and ¢ with the new

assumed a from step (,_) and plot _ against _ + ¢.

This plot aids in reducing calculations because the value

of _ + c that equals 0 - _o gives the desired
and _0
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(V) P'ind ,f from

CD
tan _ = _i

Thc final torque and thrust coefficients are thus
given as

dCQ F z 4
-d:g- = >_ r,'x

¢ i + cot / ten y

. , ___)257 3 (cot _ + 5V.3

dC_
_ F_3x 3 ¢ cot _ - tan y

dx "57.3 (c _ _ )2,ot + -t=r.'-r-,--

,0 "°,h.., contributions., thrust and torque at the 0.2

radius were computed on tbe asst_uption that there was no

lift on this section. The value of CL was accordingly

put equal to zero and the axial inflow was neglected in
_hlus_ coeff _ "the cslc_tlations. The element _ ' _ _c_enb

dCT BbJ° (I + a)2

sin S
(cL cos _ - cD sin _)

reduces to

@CT wx ,_2
--_ = -OCD JV d + (_x) °"
dx T

wx j2

= "°CD 4 sin

and the element torque coefficient

dCQ _ BbJ2x (! + a) 2
7L_ 16R

sin 2
(CL sin _ + CD cos _)
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reduce _ to I Reproduced frombes! available copy.

dCQ w2x3 Vj 2 + (wx) 2
dx - CCD 8

_2x3 J

= aCD 8 sin

As an example in the use of the method, computations

are given in table 7 for the four-blade single-rotating

_ apropell_r havin_ a _ m_Iton Standard .3i_5-6 blade set at

45 ° at the 0.75 radffus and operating at a V/r.D of l.S.

The differentlal-thrvst and the differe1_tial-torque dis-

trlbution from table I is plotted _.n figure 6. Curves

of this typ_-_ were constructed and from them the calcu-
lated prop_]ler characta_ristics were made. (See figs. 8

to 13.) The range of the c_Iculated curves is limited

to the stalling an[les of the airfoil sections, the maxi-
mum allowable value of the lift coefficient at a_v _ection

-d L •

being a}_out !.0. This value depends or the airfoil sec-
tion and its thicLmess ratin.

RESULTS AND DI_CUS'SION

The factor F, which is a correction for finite

mmlber of blades as given by Goldsteln's analysis, is

derived for the case of a very light loading and a

particular distribution of circulation along the blade.

The suitabil_ty of this factor for computing the perfor.-

mance of propellers with other loadlngs is determined

by comparison with experimental results. The calculated
distributions of the element load coefficient for the

test propeller at several operating conditions are com-

pared in figure 7 with the optimum distributions from

ref_,rence 4. Although the distribution varies widely

from the opt!mitre in many case.?, notably at high values
of V/nD, the computed propeller coefficients arc in

close agreement with the experimental values. It is
therefore concluded that the correction factors are

sufficiently accurate for practical propeller calcula-
tions.
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The experimental propeller characteristics of the
slng!e-rotating four- and six-blade propellers (refer-
ence l) and of the eight-blade propeller (reference 2)
are compared with the calculated characteristics in
figures 8 to 13. Figure ]4 is a composite of the thrust
curves for easy comparison. The agreement is very good
in all ca_es except for the elght-blade propeller when
,3 = 55 ° and 65 °

Pigura ].5 co,pares the expGrimental and calculated
efficiencic:s ot the four-, six-, and eight-blade pro-

pellers over the entire range of blade angle. As would

be expected, the calculated values give smooth!F faired

curves, which show that the hi_hest effici_::ncy envelope

is obtained with the four-blade propeller and the lowest

effic_enc'v with the eight-blade propeller. The experi-
mental curves show the_ sa:ne trends and the variations

betwec_n the two sets are considered to be v.,'ithin the

accuracy of the tests, the main discrepancy being at the
6,5° blade-an_le settings.-

_0' T_, flCLI.S!OL _

The calculated and experimental performances of four-,

si_-, and eight-blade single-rotating propellers have been
comoare@. It is concluded from this comparison that the

performance of a propeller can be accurately calculated if

the velocity distribution in the plane of the p;.ope!]er,

the propeller airfoil section characteristics, and the

p_ope].!er plan form are kno_m.

Langley r_emorial Aeronautical Laboratory,
_eronautios,Natlonsl Advisory Committee for ' " ,

Langley Field, Va.
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