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steady atat* operation of propellera in an , pfopeller perforaanoe for 
performance data haa been baaSd on thí CnT ^ fiel<1, The •«tinated 
method of propeller performance oalcîîa5in! ^ tora ot rtriP 
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INTRODUCTICB 

., View of th» increasing interest in vertical rising and short 
vAke-eff aircraft, considerable thought is being given to the kind of propul¬ 
sive system required for these types of aircraft. In order to provide the 
extremely large thrusts required to accompliah short take-off, many radical 
emd complex propulsive systems are being considered. Some of these devices 
being studied are modifications of the conventional propeller, including 
boundary layer control by blowing or sucking through slots along the blade, 
large turning flaps, and shrouds. In addition, slip-stream turning devices 
on the fixed wing behind the propeller, and rotatable wings are being investi¬ 
gated. Although it may be established eventually that one or more of these 
radical systems may be required, the aircraft would be greatly simplified by 

* conventional propeller. Thus, it would appear that the suita- ' 
blllty of conventional propellers for short take-off and vertical rising air¬ 
craft needs to bo established. 

While the applicability of these propellers to the subject aircraft 
wili eventually need to be studied from a structural standpoint, an indication 
of the performance attainable from propellers designed to provide large thrusts 
at low airspeeds is required at an early date. Moreover, the effect on air¬ 
plane stability and perforaanoe of the normal forces and shaft moments pro¬ 
duced by conventional propellers inclined to the airstream needs to be examined. 
Thus, in additior to the thrust and torque performance, an indication of the 
magnitude of the normal forces and shaft moments for the propeller operating 
range is required. Although the NACA has conducted tests on model propellers 
inclined to the airstream and a limited amount of data from other sources is 
available, there wae a need, for a generalised set of data, in a form suitabl- 
for direct analysis of VTOI/STOL propeller performance. 

This report covere the results of an analytical study to derive 
estimated thrust and torque charts and estimated normal force and shaft moment 
•hare* ; or conventional propellers designed to produce large thrusts at low 
airspeeds, ihe foregoing is aimed at providing a generalised propeller per- 
. ormsnee and force and moment presentation for use in evaluating conventional 
propulsive aystems for short take-off and vertical rising aircraft• 
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DISCUSSICH 

..,. "b*“ bha thrust axis of a propellsr disc is inclined with respect 
o the forward free-strsaa velocity, the propeller undergoes a cyclic varia- 

tion in resultant velocity and inflow angle once per revolution and a corres¬ 
ponding variation in asrodyn«io loading. In view of the unsteady nature of 
the Uow, the problem of calculating the force and moment characteristics is 
a mos . oomplioated one. Inasmuch as there is no adequate three-dimensional 
unsteady aerodynamic theory covering propellers operating under inclined air¬ 
flow conditions, it was necessary to investigate several methods of performance 
analysis to see which one would give beat results with available test data. 
This included the consideration of the effects of two-dimensional unsteady 
aerodynamics as well as steady state incompressible aerodynamics. A litera¬ 
ture survey of two-dimensional oscillating airfoil data revealed a negligible 
amount 9f experimental data. (Ref. 1,2) The theoretical data are based on 
two-dimensiona! flat plate potential flow which does not take into account 
the effects of compressibility shock, airfoil stall, and drag characteristics 
associated with actual airfoils. (Ref. 3, 5, 6) Howler, since the two- 
imens^ona^ ei.eot of unsteady flow may well be more predominant than the 

induced e.leots due to the three-dimensional flow, it was felt that an 
aüal^1S utilizin€ data baaed on two-dimensional unsteady aerodynamics 
should be conducted. 

When attempts wens'made to incorporate the effects of unsteady aero- 
?ri?Bli?\btt86dJ0? the Rbov* «OMidsrations, the range of data coverage was 
limited to conditions where the airfoil was operating on the straight line 

f/be lift curve. The results of this analysis showed good agrawent 
"ZÍV?!“ Ho,raV0r* ln th* general case, the theoretical aporoach does 
not hold, sine* the blade sections would be oparating either in positive stall 
or negative stall, or both, and the viscous (drag) effects would be most oon- 
sequential• 

•n view of the limitations to the application of unsteady aerodyna¬ 
mics, as shown above, a ccmprshenaive analysis of steady state incompressible 
aerodynamics was made. Accordingly, although it does not offer a rigorous 
“I«*™, -^•■•dy stats incompressible aerodynamics has been ohosen as the 
method of confutation, since it showed very good agreement with test data 
over the confíete range of operation necessary for this analysis. 

Considering a propeller in inclined fl<xr, the forces and moments 
considered will now be defined. The principal force and moment vectors 
generated by the inclined propeller are the thrust, torque, normal force, and 
a bending moment applied to the propeller shaft. They are shown in Figure 1. 
The thrust axis is perpendicular to the plane of the propeller disc. The normal 
force acts perpendicular to the thrust axis, is in the plane of the propeller 
disc, and is essentially in the direction of inclination, except for a small 
component in a direction normal to the inclination and in the plane of the 
propeller. The latter oomes dbout because of the phase shift dus to the aero- 
dynsunic lag associated with the unsteady flow phenomena. However, this compo¬ 
nent of the normal force is very small in magnitude and may, therefore, be 
considered insignificant in the range of operation considered. For purposes 
0. tnia stud^, the normal force considered will be defined as one acting in 
tr.e direction of inclination. Similarly, the major bending moment on the 
shaft acts about an axis in the plane of the propeller disc and essentially 

F - 6 
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DISCUSSION (Continued) ' 

ÎmÎÎ!* dïr00ti0a 0f inclinAtlQn» Ther* io « ana 11 comportent of the noment 

to the'dllaat?^ °f th* ProP#ller dl»o but perpendicular 
! lar effaat. Jnolimtion‘ îhi* componeat, of th* moment le due to th* 
: lag effect* and i* al«o email enough to be neglected in thie atudy. 

la* *ff.etÎTï** ,tat* 1fQmpra,,ibl0 ‘•rodynamio. doe* not inolud* 
iï a f T í0r0CB ^ ,noBle^t, to tero. Although thi. 
1* * limitation of eteady «tat* incampreeeibl* aerodynamic«, thie ie not a 
Mriou, . tuation. einoe the oe.t data 8hc*a these ¡^d m^e Í. 
p aotioally tero in the range of operation considered for thi* analysis. 

applioeble^ that» í* th# ftdvano« P^r rang. 
tmi,ition nT** VTOL-STOL aircraft, th* varUtiM of 

Sí^i^eííSíÍÍITí Vh: “kOTrftd Pr°P#n#r ie ®***nttally sinusoidair 
derreTint^ll^^v7 lu* 001“id#r^ wlauth position* at thirter 
a»g**lafc*r?*l*r Urn the various foro*« and moments wen eunawd up atiS 

of tia*, it vas found that ti» result* wore id^TJalto ¡te* 

U 2« UlMtSi« (kg^'afat^h p^iÏ^nSTo1^ 

l^ZÍZtlm)- 
i e blad^ U U,0,uy n«e«*,1Rnr to oon«id*r two azimuth positions 
1.*.. blad* A at 1*5* («a* analysi« a* blade B at 135‘) and blade Cat 
(«une analysi* as blad* D at 315*)» 77 Di“* c at ^ 

A 8iailar bolds for a tliree-bladed propeller. However it 
«. t. .«U,«, thr.. mi,«. p„iti„,.¿L " 
a foil “advancing or a full «re treating blade so as to keen the en^ia. e _ 
a* low a* possible. A two-blad*¿ pîSpellsr deas not havS rt.a^'”df îS*“ 
therefore, was not oonsiderwd in this study. * * 

i-A^ing established a method of computation, the ezietlw ni ■» ■ 
»»írÍ4TÍ?t,“lX11r ^ ^ „ b. »ztendAd b^oX. 
Mrm4l r.ng* of . propoll.r'. ib.,dy rt4t. operating oondUlm« to cot.i- th. 
^r-a variation ,<■ ang W-atta* azp.rlaLad ^tb. btal. ürfoïrL 
St,T .ATarga inflo, angl.a. Tbl. ». “ 

V"a result* of the United Aircraft Corporation Reeeartfc Deplrtwnt 
wind-tunnel data associated with thie proposal (Phases TT «nri ttt> 
8). An evaluation of the flapped airfoi^data indinat-d tSÍ ÍJ1 ‘ 
for the type of application considered in this report offers ao ãdvãntL« 
uniform oaabsr. Therefore, separate analysis of flannod °r*f 
undertaken. A thorough review of other Jisti^ AiÍÎÏÏt*c^!n^ 
Rosearen ü*p or tuent two-diwmslfmal airfoil data (Rsf. 9, lo) 
acoosplished along with HACA data (fief. U) in order to óbtainTL -ü!* 
reliable definitif of the lift and drag data in the normal opermtliat renre 
of a propeller. Thus, for purposes of the sub lest miaidv *.u- ,1^ 

Sîî^ive ^ f0r ^ f«iW*«CA 16-Series^air- 
foils have besn fui*y revised and extended to cover thlokzwss ratios ud to 

tr~ *• i-» ^ 

M. 5. F-6? 
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DISCUSSION (Continuad) 

+#% í t a A^BtrlP program on th* IBM 70I4 computer was then modified 
tlw revised airfoil data amd provisions for obtaining propeller 

performance and force and moment data at inflow angles fren «ero to 70'. ' 
As the inflowangle approaches 90% a condition develops with extreme ampli- 
TZ* °f ï1!.* B®0^ion wigl«*of-attack and with the airfoils in the inboard 
portion of the blade actually experiencing negative velocities or reverse 

? Cer, 10 P081,^011** O'" to the fact that wind tunnel testing 
teríüí?'*1 'T® ?? bo«o ««^liahed for obtaining reliable airfoil oharac-^ 
teristics under these ertr«^ conditions, this poses a definite limitation 
on ih*> range of angles dC iiclination that can be analysed by a purely 
analytical method. Thinstvdy has indicated that, with the range of airfoil 
data available, this limitation on angle of incliœtion is approxiaitelv TO*. 
•n » ‘^0°^din€1y» n»thod of analysis presented hereip should not be 
ppue beyond this póint. Since it appears that the definition of performanoe 

"î1* ^168 b8tw8en 70 and 90 degrees cannot readily be 
defined by purely arlalytical means, this region must be established by find 
tunnel testing. 7 f 

i ..4 ^ f^°k calculati«aa were :run off to compare with both hand oalcu- 
iations and NAÇk wind tunnsl data. These calculations iniioated good agree- 
fflent with test results (Ref. 12) in the lightly loaded oases covered in this 
report. 1 cheek with wake survey data for inflow angles up to 15* showed 
very good agreement in checking out blade section loadings. (Ref. I}) 

,, „ A of propoller configurations was then selected te examine 
4a0tfactor» «ide force faotor, integrated design Ct, and 

num r of blades. These shape variables are as follows for propellers with ' 
ulades of rectangular planform and pitch distribution seleoted as best for 
cruise i 

Number of Blades 
Activity Paotcr 
Side Poroe Factor 
Integrated Design Cl 

3 and li 
100, IÎ4O, 180 
95. 133. m 
0.300, 0.500, 0.700 

The four-way, lltf activity factor and O.50O integrated design Ct. m -id. 
force faotor blade was chosen as the basic blade for the basic set of plots, 

,, t thoroughly examining the results obtained for the basic blade 
through uhe ocmplete inflow angle range (at ten degree intervals) and also 
oosçaring .e basic blade (O.50O integrated design CJ with blades similar 

n all re«P«ots except for camber, a method of presentation successfully used 
by the Hamilton Standard Aerodynamics Department for generalised propeller 
per ormnoe was chosen for r,he thrust and the torque. This includes base 
charts for both the thrust and torque coefficients as a f«notion of effective 
advance ratio and blade angle at the three-quarter radius with appropriate 
correction for activity factor, number of blades and integrated design CL. 

4 1 -4.., KJKiat be noted that the range of thrust and torque coefficients 
incl xiec ,n J\o base plots extend to negative values. This is not intended 

n. s. f-tr 
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DISCUSSION (Continuad) 

as a basis of predicting negative thrust or windmilling performance! but, 
since the camber correction and the method of solving for the coefficient« 
at an inflow angle i« an additive function, it is necessary to include these 
negative values to predict the performance of large sise (highly cambered, 
large activity factor) blades. The effective advance ratio, J'( equal to 
the advance ratio times the eosine of the yaw angle) has been chosen as a 
parameter since it has been successfully used by the NASA (Ref. 12) and gives 
the best correlation of the data. GeneralU|tion of the thrust and torque 
coefficients through the inflow angle range has been accomplished by adding 
to the base chart (for tero inflow angle), a. parameter that is both a func¬ 
tion of effective advance ratio and inflow angle, and by providing correction 
factors for number of blades, activity factor and camber. 

After carefully reviewing the normal foroe coefficient and shaft 
moment ooefficisnt, it was noted that both coefficients are proportional to 
the tangent of the inflow angle at a constant blade angle aai effective 
advance ratio basis. Number of blades and camber oorreotions are applied 
in a similar manner as for the torque and thrust. However, although the 
moment coefficient is a function of activity factor, it was found tl»t the 
normal force coefficient is a function of side force factor. 

The base charts and correction factor charts resulting frcai the 
subject study together with a detailed procedure for their use is presented 
in Appendix A. In addition. Appendix B presents a set of efficiency charts 
for several representative propellers, sinee these provide an alternate and 
quicker method of propeller analysis for unakswed operation. A generalised. 
cŒipressibility correction for use with unskewed conditions is included in 
Appendix C. The compressibility correction factor, Pt, may be applied 
directly to either a thrust or an efficiency, depending on whether Appendix A 
or Appendix B is utilised. No compressibility correction was derived for 
skewed propeller operation due to the difficulty of defining an average 
compressibility effect when the blades are experiencing periodically oscil¬ 
lating air loads. However, this does not represent any particular limitation 
on the utility of these charts since skewed propeller operation during 
STCl/VTQL aircraft transition will be accomplished at very low air speeds. 
Under such conditions, no appreciable compressibility effects will occur 
when the propeller is oriented at sizeable angles of inclination with the 
air stream direction. Sample calculations are included with each Appendix, 
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CONCLUSICH 

^h.T* “oÂ^n:;tîly *ppll“bl'u th9 - *- Ä 

In ordar to aocaoplieh tha propellar perfonnanoa eanaralitation 

o®mTtir ïy I?00 8triP c»l0ulation8 ware run off on the I.B.M. 70Í* 

of VTOiySTOLnDroDan^r* °f Pfü0r loadinGB» whioh is raprasantatir# 
food P!C °PerBtion* tha generalieation waa found to ba quit, 
good. Actually, the generalltation of the torque is good through the corolet. 

^niZlàrî\hnt<thc aocur&cy °f 016 th^* generaliration dater!orates somewhat in the range of high newer loading 

U Äi^01?* ta0°” aOT^r- ^ . 
»eth^1 thL!Î^Î mn generally lass than tan per entband the 

varií io^o?^ I! ^ °n ^ Pr0Vld* pr0p0r trftnds ^ Porforaano. with raria^ion of the pertinent parameters» 

» 
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COEFFICIEUTS AITS SYMBOLS 

Propeller thrust, lb. 

Propeller normal force, lb. 

Propeller torque, ft,-lb. 

Propeller shift accent, ft.-lb. 

Thrust ooefficient, i/p iftk 

Thrust coefficients, (Cj) X (l/j»)2 

Normal force coefficient, Px/pn^ 

Normal force ooefficient, (CnJil/j*)2 

Torque ooefficient, ^piA)5 

Power coefficient, 2FCq 

Torque coefficient, (Cq)(l/j»)2 

Shaft moment ooefficient, Vp Aß 

Shaft aonent coefficient, (Cjöil/j*)^ 

Blade activity factor, 100,000 dx 

Blade aeotion width, feet 

Number of blades 

Shaft-brake horsepower 

Blade section design lift coefficient 

Integrated design Cl, U 

Propeller installed diameter, feet 

Hatio of the square root of th» absolute temperature, 

Compressibility oorreotion factor 

U®«** ! 
4 
i 

j 

I 
iJesr ratio, propeller speed^engine speed 

Propeller advance ratio based on stream-wise component 
of velocity, v/nD 

a 

Effective propeller advance ratio based on velocity 
conponent normal to propeller dise, J oosins 

\ 

P*ge U 
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HF 
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p./p 

ll>T 

Vq 
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COEFFICISKTS m) SYMBOLS (Continued) 

Inflow parameter for thrust, a ftinotion of Jf 

Inflow parameter for torque, a function, of J* 

Activity factor correction to moment coefficient 

Propeller speed, revolution» per second 

Propeller speed, revolution* per minóte 

Biçlne epeoi, revolution* per «linwte 

Sli» foroe factor correction, to normal force coefficient 

Activity factor cor’-ectioe for torque coefficient 

Radin» at blo.de element, feet 

Blade radin» at proroller tip, feet 

r'e 

Side forco factor, 100,000 ( b sin ® dx 

-yr-)T! 
Activity factor correction for thmet coefficient 

Inflo» velocity^ feet per sooood 

Inflow velocity, fcaota 

Fraction of propeller tip radin». r/R 

Propeller effioienev. 

'&) 
Propeller blade ençîe, degree» 

Maa* density of air, sluga/cnbic foot 

Denaity ratio 

Inflow angla, alao referred to a» angle of inclination 

Inflo* parameter for throat, a function of yJ 

Inflow parameter for torque, a function of ^ 

Canter oorrecti on factor 

S. F-é2 
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Postscripts 

COEFFICIENTS &ED SYMBOLS (CQnh4n.w.^ 

ÄÄ-i-sr •• ” 

Subscripts 

V 

JA 
Dsnotes coefficient at proper inflow angle 

Denotes 3/I4 blade radius 

i 
! 

¡ 

i 

I 

i 
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APPSTOXX A 

Figure il 

Figure A2 

Figure A3 

Figure Ab 

Figure A5 

Figure a6 

Figure A? 

Figure A8 

Figure A9 

- Definition of principal force end ament vector, generated 
by an inclined propeller. * 

- Velocity vector diagram for a blade Motion at aaxiaum and 
aininm angle, of attack. 

Effect of activity factor on torque coefficient 

¡J?f!°î.(f lnt»«rated design Cl on torque coefficient for 

Effeot.of integrated design CL on torque coefficient for 

Variation of Kq with J» and l/j* 

- Variation of V with 

Variation of effective advance ratio with effective torque 

r^l O at *ar0 “S1* •a* *ibb blade angle for 

“ ? •Fftetive advance rati, with effective torque 
at Mr0 inflcw angle and with blade ai«le for 

Variation of effective advance ratio with effective thrust 

at t9T0 inflow aa61* blade angle for 

? ®ff80tiT" adTtó0* ratio with effective thrurt 

l!o8Tlt at Ier° infl<w an€l* blad# w«1« F» 

Figure AlO - Variation of Xj with J» and l/j* 

Figure All - Variation of ^ and l^T 

Figure A12 - gff|0t of integrated design oû thrust coefficient foe 

Figure 113 - Effect of integrated design CL on thrust ooeificient for J» >1* 

Figure Hi* - Effect of activity factor on thru,t coefficient 
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AT MAXIlCU AUD MHDCV ABOLES OP ATTACK 

(THIS DBF IBES THE STEADY-STATE, ADVAHCIHG, AID RETREATHO BIADB«) 

cot-e 70° 
T7?£ AT/A/6 BlADE 

cot »O'i1/60’ cot--90° 
STEADY STATE ADVAA/C/Aj'G 

BlADE 
I 

THlO'X + if S/71 

A 

o 90 /80 870 360 

jUpr.MirUtir, F«¿¿ of CUottUtod BW- T^,f ^rr[(ma 

Fig. 2 
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APPBSD1X A 

PBRWRMUICE CALCUIATI® PROCEDURE 

"<>~1 >—»«Jod tf «aouLti^ th. perf,^ 

L ÎJ?1 ~ - iMorlb-d U th. du- 
lowing prooedir«, all^oparntionï ira ^ deflnition, ^ ^o iol- 
flljl* Md Mds. oonditloa* Md th. orocIlUr^^V °lTî° th" *lrT,Un* 
P^»U „ MtllMd „ th. .MPI. th* 

(*kl.h of “• î.lr*‘ «'»i-'.t.tl« M..t 

ü Lsars “s“- 

lt— Ifrabw 

1 Attltud« - Idantliying flight condition 

2 BHP - Engin, ¿»ft . brak» horaapowr 

3 I« - fcgin, apaed (rrrolutlon, par «imita) 

L ^ ’ AlrpUn# foiwd T®looity or infla» Talooity (knot.) 

5 Altitud. - Height of operation (feet) 

«o» îî^’îTtw^ ÍTL1^**6 t!î0"‘1, ^ «»•» -pot.- 41 Cftrou«h 60 on the Mcond o<*putatian sheet. 

Itwi liarib«» 

6 ” Ifeneity ratio 

10 

U 

lÄi* r^tu1"* ^ 

^«í^^dír^)1““” l“fl" 

Cosia. ^ 

J “ Propeli«* ad-ran ai ratio based on «trean-wi.« 
th. Telocity - lOlJ, (Vk)/(^) (Dineter) ^ ® 

J* - KffaotlT. advance ratio based on Telocity cordcc • tt nai*al 
to the propeller; dis. - J oosine JA V «P«ent noraal 

H. S. F-62 

P»€« 18 

\ 



«ÜPOHT NO. Ü8-I029 

I 

HAMILION STANDARD 

APPHTOg A (Continued) 

12 

15 

Hi 

15 

16 

17 

16 

19 

20 

21 

22 

25 

2ÍI 

25 

26 

27 

26 

29 

H. S. F-Í2 

(1/jt) - For J» > 1.0 

(I/J’)2 

j «olutlan of Cp (i,#., if S - 1,000, 

d5 X 10j> - To faollitato oolutlMi of Cp (i.«„ If D • 10. 
D5 X 10^ • 1,0) * 

Cp - Povor ooofficiont - (BHP)( ^)/2000 (l3 x x 10*5) 

Cq - Torquo ooofflolant - Cp/27T 

Q« • ïopquo ooof fio loot for J»>1.0 • (Cq)(1/j»)2 

(1^).63 . luabor of blodo acrrootion to torque coefficient. 
Figure Al, 

^F - Aotlrity factor correction to torque coefficient. Figure Al 

c Q or Q"c - Kf fleet ire torque ooeffident (oorreoted for ii blade« 
■ad I4O aotlri^r Actor) • Cq or Qc ■altlplied by and (1^/¾) .¾ 

C*Q ** A$*C - Cuber correotioa to torque coefficient (for 
J* = 1.0, Figure A2j for J'^1.0, Figure A3) 

C'q ^ er Q»c ^ - Kffeotire torque ooeffident (oorreoted for U 
blade«, 11)0 activity factor and O.5OO integrated design C. ) ■ 

m CV «M« ö* /V AW m v Q or <4 ß - ^ (J 

- Inflow oorreotion factor, a fünctic« of J«, Figure Al). 

> Q - Inflow correction factor, a function of the inflow angle, 
Figaro AÇ. 

(**)(/q) • Inflow correction Actor to torque ooeffident 

5,'Q ** 9'C * Sffccti-re torque coefficient (corrected for h blade*. 
IW activity factor, 0*300 integrated design Cr and aero inflow 
angle) - C'Q^er Q»c^ ainua (Iq)( ^q) 

# yll - Blade angle at three-quarter radiua (foi* J» 6 1^) 
frow Figure A6| for J’^l.O read frow Figure A?) 

C’t «r T'c - Iffcotive thruat ooeffident (for 1) blade», lU) 
activity Actor, O.50O Integrated design CL and aero inflow 
angle), for J' é 1.0, read froa Figure A8j for Jtp>1.0, reed 
from Figura À9._ _ 
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44 

HAM I IT ON STANDARD 

AFPSTOH A (Conblnusd) 

Kf - Inflow oor root Ion footer, o function of J», Pigxiro AJO 

- Inflow oorrootion footer, o function of the inflow «mele. 
figuro All 

(^)( Vy) " Inflow oorrootion footer to thruot ooofficiont 

C*j^, or T'gy - Sffootiwo thruot ooofficiont (for four blodoo, li^O 
ootiVity footer, O.50O intogrotod dotign Cl ond the giron inflow 
onglo). 

A Cy or û ï*c _ oorrootion to thruot coefficient (for 
J* - 1.0, Figuro A22| for J* ^1,0, Figuro AI3), 

C"l •T - ïffootiro thruot oooffioiont (for four blodoo, li|0 
MtiriIf noter, giren intogrotod daeign end giren inflow 
“«!•)• • ^ ♦ AC*j or fey ♦ A fc 

(4/8)^5 - Vud>or of blade oorrootion to thruet coefficient 
Figure Al4. 

TAP “ ^utirtty factor oorrootion to thruet oooffioiont. Figure Ail*. 

*C * Thruet oooffioiont for J*^1.0 ■ f divided by 

??rv¾íÍV'J,, * Tar J'71*0» fw- J’ ' 1*0. C- divided by 
MO*83 end Tj^j T 

Thruet - CT ( pnS 1)4) » 6610 Cï (B2 X 10^)(04 x TÊ^Alp) 
(poande) 

Cj *'q - gffeetiTO no real force oooffioiont (for four blades, 
133 «ido force factor and O.50O integrated doaign C* at a 1*5# 
inflow angle). Figure AI5. * 

Tangent tf 

c,Ia» ^ *'c<r Iffeetive nonal force oooffioiont (for four blades, 
I33 «Ide force factor, 0*900 integrated design Cl and the given 
inflow angle • Cg or M'q mltiplied by the tangent of the Inflow 
angle.) 

A C"i or A I*c - Comber correction to nonal faro« coefficient. 
For 1.0, Figure Aló» for J»7-1.0, Figure 117. 
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Figure A22 
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1 

«AMIuTCn .T an;AND 

APPENDH B 

PROPELLER EFFICIENCY CHAUTS AND THEIR USE 

Included in this appendix is a set of six propeller efficiency 
charts of the following propoller configurations» 

Figure 

B1 
B2 
B3 

B5 
B6 

Number of Blades 

h 
b 
h 
3 ’ 
3 
3 

Activity Factor 

IJ4O 
n 

« 

n 
n 
n 

Integrated Design Cl 

O.300 
O.5OO 
O.7OO 
O.3OO 
O.5OO 
O.7OO 

These charts are included to facilitate the choice of a propeller 
"hen considering only the steady state (or unskewed) conditions. In using 
these charts, the only variable that is involved is blade Activity Factor, 
which may easily be corrected by use of the Activity Factor to Torque coef¬ 
ficient (Fig. Al) which is included in this appendix as Fig, B-7. 

Therefore, Cpg or chart value of Cp » Cp X Ç^F. By platting values 
of efficiency against values of Integrated Design Cl for a given Activity 
Factor blade, the propeller selection becomes an easy one. This is illus¬ 
trated on Fig. B8. 

The compressibility correction is handled separately in Appendix C. 
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APPENDIX C 

GENERALIZED COMPRESSIBILITY CORRECTION CHART 

Included in this appendix is a generalized ooraproasibility correo** 
ti on chart that may be used directly with either Appendix A or Appendix B. 
t is to be used only with conditions for an unskewed propeller. The chart 

is self explainable. 
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Reproduced 

timed Services leclifiical Information Agency 
ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA 

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPEC FICATIONS OR 
OTHER DMA ARE USED FOR ANY PURPOSE OTHER THAN H CONNECTION 
WITH A DEFINITELY RELATED GOVERNMENT PROCUREMENT OPERATION, 
THF U. S. GOVERNMENT THEREBY INCURS NO RESPONSIBILITY, NOR ANY 
OBLIGATION WHATSOEVER; AND THE FACT THAT THE GOVERNMENT MAY 
H A \ E FOF . IULATED, EURNISHED, OR IN ANY WAY SUPPLISI) THE SAID 
DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO Hi REGARDED BY 
IMPLICATION OR OTHF1 WISE AS IN ANY MANNER LICENSE G THE HOLDER 
OR ANY OTHER PERSON OR CORPORATION, OR CONVEYING /vNY RIGHTS OR 
PERMISSION TO MANUFACTURE, USE OR SELL ANY PATENTED INVENTION 
THAT MAY IN ANY WAY BE RELATED THERETO. 




