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By " b i n  J. Sacci and Lewie E. llallner 

A n  investigation was made in t h e  Clweland Altitude *ail t u n e l  

blade propeller on a Y?-47M airplane at hi& blade loadings and hfgh 
engine powere. The pmpe&r  Ch8ra~teri8tiCE were 0bta;l-d f o r  a 
range of power coefflcfents frcm 0.30 t o  1.00 at free-strsam Mach 
~unbera of 0.40 &d 0.50. The results of t h o  force moasuremimts are ! 
indicative only aP trends in propeller efficiency wt-hh c5angee In t 
power coefficiont an& advmco4aneksr r a t l o  became unknown intar-  
f Oronce effects existed during the invostfgakion. " 

> to dotermine the performa3lce of an Aerogmducte 320C-162-XllM2 four- 

At a free-stream Mach nnmbor of 0.4C, the envelope of tho eff i- 
ciqncy curved decreasd about 8 prcen-b between advance-diameter 
ratios of 1.80 and 4.20 . Near- constant max€mun efficiencies were 
obtelnea at power caeff icfente fram 0.30 t o  0.60 f o r  advance-tlimeter 
ratios from 1.70 to 2.40. The advance-diameter ratio for peak effi- 
ciency Increased as the power ooafficient waa incraaeed. For advance- 
diameter ra t ios  belov 2.90 t h e  propeller efficiency decreased rapidly 
at power coesficients above 0.60 appwently caused by blade stall. 
In the range of advance-diiameter ratios & w e  2.90, the propeller 
Mf ioiency tqroved as the parer coeffLcieat Fncroaaed. 

A t  a f ree-stream Mach nmiber of 0.50, the envelope of the off i- 
cfency cm-vea decreased about ll percent batween advanco-diameter 
ratios of 2.40 and 4.40. A n  increeso in pmer coofficfent from 0-30 
t o  0.80 at an advance-diameter ratio of 2.40 h& l i t t l e   e f f e c t  01s the  
propeller d f i c i e c y .  A-change i n  power coefficient frcan 0.40 to 1.00 
at an advance-diameter ratio of 4.40 imreasd the pmpeller efficiency 
by about 40 Borcont. 

.. . 



For conditions below the stall the thrust loading on tho outboard 
blade soctiona increased more rapidly  than 011 t h e  inboard  sections &8 
tho power cooff  icient was &&Cre+ed or -+e _advance+i"ber ratfo 
w w  decraasod. For conditions boyond the sta'l the thrust loading 
decroasod on the &board eectiom and increaaod on the  inboard 
soctime. 

Propeller inveatlgations conducted in NACA wind  tunnels at high 
blade loadings (xmr coefficient8 up to 1.8), low afrspeods, L o x  
cngina powers and low propellor rotational spood~ are roportod in 
roferonces 1 to 3. Othor studies made in flight at high airepoeds, 
ongino powom and m@ns spoeds but at rolatiuoly low m e r  coaffi- 
cients (up to 0.40) are reported in references 4 to 7. Developnmts 
in aircraft power plants grgviding high p m r s  at high altitudes mahe 
necessary t h e  inmetigation of propeller g e r f o m c e  at high power 
coefficients, engine pawem, propeller rotational- speeds and relatively 
hi& airspeeds. 

An investigation of the performance  chaz-acteristics of eeveral 
yropellers on the YP-47M airplane at high blade .loarlings, .has been 
conducted in the Cleveland al t i tude wind tunnel. at  the request of the 
Air Materiel Catrrnand, Amny Air Forces. AEI p& of this inveetlgation 
the efficiencies and blade thrmst I& distributions ware detemincb 
f o r  the AeroproductB H20C-162-XllM2 faur-bl&de Wopuller Over a wlde 
r q e  aP aperating conditions. Similar deta a r e  baing obtalned an 
other propellere. 

The r u e  of parer coefficients covered W&B f m  0.33 to 1.00 at 
free-stream Mach numbers of 0.40 and 0.50. The engine cambustion air 
was fnqplied to the turbosupemharpr at sea-level  condit-ione and t h o  
propeller was operated  at  density  altitudes from 20,000 to 45,000 f eot  . 
Engine powers ranged from 150 to ZOCO brake.. horsepower. "15 engine 
s y e h  from 1100 to 2900 rp. The blade thrust load di-atribution waa 
obtained fram two diametrically opposed sl ipstram survey ra.kee. 
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A description of t h e  propeller and power plant is as follows: 

Propelller 
Eub . . . . . . . . . . . . . . . . . . . . . . . . . .  A642F-Xl7 
B l a d e  deSi$n . . . . . . . . . . . .  Aemproducts H20C-162-XllM2 
Nmiber of blades . . . . . . . . . . . . . . . . . . . . .  fou r  
Blade sections . . . . . . . . . . . . . . . . .  NACA 16 series 
Propeller diameter . . . . . . . . . . . . . .  12 feet  7 inches 
Activity factor1 . . . . . . . . . . . . . . . . . . . . . .  107 
?ropaller geasl r a t i o  . . . . . . . . . . . . . . . . . . . .  20 : 9 . 

Ek@ne . . . . . . . . . . . . . . . . . . . . . . . . .  R-2800-73 
Wax emergency pover rating : 

~ e s p e 4 d , ~ . . . . . . , . . . . . , . . . . . . .  2800 
Manifold pmssure, in. Eg . . . . . . . . . . . . . . . .  72.0 
B r a k e  homezm-er . . . . . . . . . . . . . . . . . . . .  2800 

Eagine sped,  r p n  . . . . . . . . . . . . . . . . . . . .  2800 
& W o l d  preneure, in. Hg . . . . . .  -. . . . . . . . . .  55.5 
Brake horsepower . . . . . . . .  '. . . . . . . . . . .  ; .. 2100 
&gins &peed, rpm . . . . . . . . . . . . . . . . . . . .  2600 
Manif013 presme, in. 9 g  . . . . . . . . . . . . . . . .  41.5 
B r a k e  horaepoxer . . . . . . . . . . . . . . . . . . . .  17CO 

h e  acti~ty fector l e  a e i m e n a t o n a l  emction cxf the propeller 
plan form designed to expreee the Integrated capcitg of the 
propeller blade elements f o r  abeorbing power (refersnce 8) and 
is expressed as 

Milftw power ra t~a:  

Rormal p e r  rating: 

where 

D propeller diameter 

R propeller radius to tip 

The propeller bhde-fom characteristice are given in flguro I. 
A photogxqh of 8n Aempmducts H20C-162-XllM2 propeller blade is ahm 
in figure 2. 
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A fumlage of a YT-47M airplane  with  stub-wings w a ~  imtal led 
in the 20-foot-diameter teat   section of the w3nd tunnol wlth tho 
thruat axis of tho airplane parallel t o  and about 1 2  incheer  abovo 
the axis of the  test  section. The Aeroproducts H202-162-XllM2 pro- 
peller and the R-2800-73 engine were incorporated in the airhlane aa 
s h m  in f f p e  3. The engine,was provibed irith'refrigerated com- 
bustion air at sea-level pressure frm an &einal B o r n e  by a duct 
pass- through the left .  w i n g  stub and the f-welage to the inlet of 
the turbosupercharger. The ombustion-air temperature -8 maintained 
at approximately loo F. 

m i n o  horsepower wa8 meamred within *2 percent by a calibra3ed 
Pratt  & Whitney torquometer end a ?re~eure gwe. PTopulsi-m th-at 
was masurod and recorded by tho tunnsl drhg balance, which momurea 
tho  reeultant force on the  R-frplane in  the dirwtion of the tbrust 
axis. 

A eurvey WBB concucted aP the t o t a l  pressure i n  t3e propellor 
slipstream by two rakes, each consisting of 32 shielded total-head 
tubeer inches apart, one on each sido of the airplane 46 inches 
behina tho propeller diek at~shown Fn figure 4. The rake8 wem 
attached t o  the tunnel w a l l  in  the  horizontal plane of tho thnmt 
axie and extended to within t b e o - f o w t h e  inch of tho Q-~O cowling. 

1 

PROCEEURE 

. The readings of temperature, pressure, horsepower, and the 
resultant khruet force were obta;lned for a range of power codf tc ien te  
fram 0.30 t o  1.00 at free-stream Mach numbera of 0.40 and 0.50. Den- 
s i t y  altitudes from 20,000 t o  45,000 feet  were eFmuLa;ted for engine 
powere from 150 t o  2000 brake horsepower at engine speede from 1100 
to 2900 rpm. R u m  were", Kith the propeller remved at the 
beginning and the end of' t h e  program f o r  ranges of twinel airspeede, 
denaity altitudes, and cowl f l a y  deflectlone. 
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REKTCTIOH OF DATA 

The thrust co&ficient CT m a  calcuhted f ran 

where . 

p free-stream donsitg, slug8 >or cubic foot 

R sropeller rotational speed, revolutions per second 

D pmpller diameter, f ee t  
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P 
pn3D5 

cp = - 
where P is the engine parer in foo t  PO- per second. The p r o p l l e r  
eff iciencg q w a s  cnmputed frau 

where J l a  the advance-diameter ra t io  V/nD, V being the tunnel 
f rse-stream velocity. 

The propeller t i p  Mach number Mt; W&B calculated from 

where M, is the f ree-etrem Mach number. 

Propeller  efficimciee were also determined by the el iptream 
su-voy method descri5ed in references 3 and 5 but the results were 
inconsietent wlth the  values  obtalmd froan force meaeurements. The 
surveys are of value, however, i n  showing the blade  thrust load 
distribution for various operatfng conditiora. The blade thruet 
loading is preeented aa t h e  rise in total-head presaure E, - Ho 
acrom  the  propeller disk where E, is the t o t a l  preeeure measured 
73y t h o  slipstream survey rake and H, is the free-stream  total 
pressure. 

The results of the  force measurements Indicate primarily t h e  
trend af propeller efficiency ~ t h  ckanges in power coefficient and 
and advance-diameter ratio because corrections for t m e l - w s l l  con- 
striction  affects 011 the  Fnstallatim were not applied. 

The propeller  chara,cterietice f o r  varfous blade loading  conditfms 
are preeented separately for free-etream Mach numbers of 0.40 and 0.50 
beCaUf3e it is not poseible t o  cmp&re the data obtained at dif'foront 
free-stream Mach nmbers.  Slipstream eurveye a r e  presented to 111~6- d 

t r a t e  blade t-t load distribution in terms of' the total-pressure 
rise across the propeller disk for certain operating conditions. - 
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Free-stream Mach a u d e r ,  0.40. - The e a t i o n  of propeller 
ojl9iciency 7 w i t h  edvance-"ber  ratio J f o r  valuae of power 
coefficient Cp frm 0.30 to 1.W at a free-stream h c h  hmiber of 
0.40 is shown In figure 5. The -iaz-&tion a!? propeller efficiency 
with power coefficient is shown in figure 6 for three a-ppr0xImatel.y 
constan% values af advance-diameter rakio. .The bEaelied c m e B  were 
cross-plotted fram an extrapolation of f m e  5. I 

m e  effect of Increasing  the +el coefficZent fmm 0.30 to 1.00 
w a ~  t o  zeduce the propl le i   efffciency at law advance-dLmeter ra t ioe  
and t o  increase the effi,cfencg at hfgh advance4limter  rattoe'. The 
envel-ooge of tho efficiency c m 0  decreased about 8 percsnt between 
advanca-dimetor r a t io s  -6f  f.8C and 4.20. In t h e  r q e  CCQ advance- 
diameter r a t i o  f ram 1.70 t o  2.40, mx3.m.m effSciencies were obtained 
at power coefficienks f m  0.30 to 0.60. (See f ig .  5.) The advmco- 
diameter r a t io  f o r  pe& tifficiency increamd M-tk p e r  coaff LcLont. 
Serious losses in pr-qellor efficimcy became gcrident at talws of 
&vanco-&lameter rakioe frm 1.70 t o  2.90 f o r  values af power coef'ff- 
cfonts above 0.60. (See figs. 5 and 6.) Elese loeses may be attri-. 
buted to blade s ta l l  caused by hi& operating anglle af attack and by 
tho  grobakle  reduction of the maxinum section Wt coeff  fcient aseo- 
ciated with hl& oporathg tip 11Cach n~mber8. (See references 11 ' ' 

and E.) In order to i l l w t r a t e  the magnitude of these lasses in- - 
efficiency, a change in power codf ic ien t  frcan 0.60 t o  '0.70 at aa 
sdarasce-dFameter ratio of 1.75 resulted in a. 2O-perosnt, reduction in 
efficiency, AfurLher change fn power coefficient f r o m  0.70 t o  0.90 
reduced tZte efficiency an addi.t;lonal 20 percent, For value8 of , . 
advazice-diameter r a t i o  above 2.90 the p-ogeller efficlency increased 
as t he  power Goeff icient w&8 increased f r a n  0.30 to 0. BO (0 2.g~ 5 , 

and 6 ) .  

- ._ . c , T . . . * .  - ..." ... . .. . c ..I 

- .  

. .  

The effect of p e r  coefficient on blade th rue t  load dietribution 
'Is .&OWL bg the 132-2 trean surveys in figuw 7, which correepcmd t o  
the cdit1oz-m of f Y gum 6 for an advance-dianeter r a t io  of 1?75. The 
blade thrust load biatributions for power coafficients f r m  0.30 to 
0.59 were unifonn and similar except that ae the -power coefficient was 
incraaseh the l o d i n g  on the outboard sectiom  incrsaaed niore rapidly 
than on the Inboas3 sectlon6. ( B e  figs. 7 (a) to ?(a). ) "L the 
power coeffioient was changed frcan 0.59 t o  0.69, bI& a ta l l ,  indi- 
ceted bg a reduction in total-pressure Iriee, occurred on the outboard 
secttans, which caused the loading on the inboard sectfons to Fncrease 
(fig, ?(e)) .  The jncreaeed l o d i n g  on %he inboard aectione apzarentu 
or igha tes  f r a n  ti? stall. At conetant power operation, stalling of 
the popeller-blade t igs  creates a torque unbalance for which the 
progeller ccmgeneatoe bg 831 increase in blade aagle. The increased 
bide angle caums edditlanal ~ectiona inboard of the tips to stall 
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and the stall region pmgre~see @&pLly inboard until a state  of 
torque equilibrium i e  reached. Because dp- the blade angle increase, 
the w-etalled inboard eectiom operate at high l i f t  ooefficlents ebnd 
consequantly the  thrust loading l e  hlgh. A t  values -of power coef- 
f ic ient  af 0.78 aSa 0.90 the regLon of stall extended inboard a~ fm 
as ( r s /R)2  = 0.40 or more thean 35 percent of the blade span. (See 
fi@. 7 ( f )  and 7 ( g ) . )  . . .  

The difference 'Setween t h e  right-side and left-side eurveys  KC?^ 
I apparently due t o  .an uyward inclinatian of tho  a2proachiq air atream 
to tne propeller axie caused by the lift of %he wino. The -ri&t, or  

I downgoing, blades -therefore operatad at higher anglee of attack than 
the lef t ,  or upgoing, bladea and thua grodLzced nore thrwt, . For the 

9 8- remom, the  right blade8 e ta l ied  ear l ier  and the loesos due t o  
stall  ware 8lightl.y greatel. than for the left; bledee. This @encanonon 
is explained Ingrea te r   de ta i l  in raferancos 6 and E. 

The dmelopumt of' blade s t a l l + " o r  power coefficionts of 0.70 
and 0.90 is ahom in figures 8 and 9, reapectivaly. For a powor 
coefficient of 0.70 an& Et;n advmco-dfaneter ratio of 4.00, tho  thrust 
loading over the blaitss waa very lmq espectally a t  t h e   t i p  eectione 
(fig, 8 ( e )  ) . At a- conatant %, a roductioa in  J resulted in an 
increaae of angle of attack and Election lift coefficients;  -the tluvert 
loading increased steedily up to tha stall p0Fn-L. (See fibff. O(b) 
an& a(c).) Blade e t a l l w a s  ev-ident at em-ndvance-diameter re t fo  of 
1.73 & at an advance4imter  rat50 of 1.58 the stall, further 
agge~rvatsd by incremeii angle af attack and t i p  Mach nunber, extmdod 
to sectTom as far inboard as ( r s / ~ f Z  = 0.40 (fig.  G ( e ) )  . The 
survey shown in f iguro C(e) Llkatrates,  as pmviomly diacwmed, that 
the  r"r@t-aide blades stall  flrst and the 1OSSeS in thrust are 8liE;htly 
s e a t e r  than on tize left-slde bladea. The stall devolopod In 8 ~iimilar . 

manner  f o r  a p m r  coefficient of 0.90 except that it accurrad at a 
eomcwbat hlgher admnce-dimeter ratio awing t o  the g r o a t o r  rcquirod 
blade %le. The initial stall apparmtly occurred at an advance- 
diameter ratio between 2.94 and 2 -0'7 became &€ 'Z .07 the stal l  was fn 
an advancod etage. (See figs.  9(a) and 9(b).) A further roductfon 
i n  advance-diameter mtio resulted in stalling of a l l  ecctiona o u t b o d  
of (r,/R)2 = 0.40. .(Pi*. S(c) an& S(d)>  

t o  1.bO a t  a free-strean Mach n-amber of"0.m l a  ?resented in  figure 10. 
The variation of propeller efficiency with power coefficlent at apgrax- 
imtsly constant yaluoe of dm.ace-dImeter ratlo is 8 h m  in r i m  11. .. 
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The envelope af the efficiency curveg decreeeed about  11 percent 
be-heea adxance-diameter ratios af 2.40 and 4.40. A n  -crease in  
lower Coerff'icZent frm 0.30 t o  0.80 at an ackance-diameter ratio of' 
a>pmx9W~te7q 2.40 had Uttle effect on the pmgeller efficiency and 
aearlj. constant aaxm ePl"icienciee were obtaliled, (See f ik. 10. ) 
&I the &dvance-dZamater ratLo waa increased froan 2.40 t o  4.40 the 
effect of' increaeing the p m r  C'odf icient became more pronounced. 
A change in  power coefficient . f m  0.40 to 1.00 6% 813 advmce-d$emeter 
ratio of 4-40 lacreased -&&e propeller &Ficiency by abou% 40 perCent. 
(See figs.  LO and n.) 

The effect of pawei- coafficient on blade t kwt  load dietribution 
i5 Shawn by th8 alipstre&M S ~ Y S  i n  f i b  1 2 ,  Whick COiTeBwnd t o  
corditions of figure 11 for an advence-dimeter ratio af &wt 2.80. 
A charae in power coefficient from 0.30 to 0.83 resulted in  a uniform 
Lncreese in tlzrust imding over the blade span-, "e were ao eignif- 
icant irregulariiAes in the thrust load distribution curve6 that would 
indicate blade stall at any pmer ooeTYicient. & h i l a r  e h e y e  =e 
presented In figure 13 f o r  a range of power coefficfente from 0.42 t o  
0.33 at an advance-dfameter r a t i o  & approxinately 4.40. A t  a ?msr 
coefficient of 0.42 the th ruat  loading x&8 very low pextfcnlarily OLL 
the outboard sections if ig. =(a) ) . Ae the power coe9ficient waa 
increased t o  0.93, the thrust l o a d i q  on the Inboard eectiom rssalned 
nearly camtent and the Loading an the outboard sections ihcreerred 
(f ige. E ( b )  to 13(6) ) . The surrrega Id lca te   tha t  *-e tbrut loading 
st high advance-dlameker ratio8 could be cansiderably' increased before 
adverse eff ecta &ue to stall WOU be encountered. 

Slipstream eurveye for power coefficients of 0.70, 0.90, and 1.00 
are presented in  ffgurea 14 t o  16, respectively, f o r  a.ranQe of 
a&yance-dianeter ratfos. In generd, as the advance-dimeter ra5io u88 
reduced at a given p w e r  coefficlenfi the thrust loading on the 0utbaEt-d 
sections increased more ra2idlg than on the  inboard sections; Within 
the range of dvance-diameter ratloe Investigated, there was no evi- 
dence of blade stall f o r  the pouer coefflcimta obtained, 

A cornpaxieon of 0 igures 14(b) and 8(b)  &ma that the thruet load 
distribution curves a r e  siml7Lar for condltiona run at mpmximately 
the sane power coeff fcient end advance-diamekeer ra%io but dirf eront 
t i p  Mach numbers. A ~lmilt~ caparison of fi@3?ee 15(b) and 9(a) 
further  indicates  that below the a t a l l  a moderate increase in tfp 
Mach number had l i t t l e  on blade thruet load dletribution. 
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Corractfons for the effects of tunnel-wall conatriotion on 
propeller. chawcterist ic pecamotore ..a. on the inertallatdon havo not 
been applied and the propeller afffcienciee  therefore only ~ e m e  to 
ahow Yize cmparative  effeck6 of blade loading on propller perfolmance. 
me investigatian in  the  alt i tude w i n d  tunnel of the perf'onmnce at 
high blade loadlnga of' Aeroprducts H20C-162-XllM2 four-blado pro- 
pollgr on a YP-47M airglane indicated: 

1. A t  a froe-stream Mach number of 0.40, the envelope of t he  
efficiency c m e B  docreased about 8 percent between &dvance-dfsms%sr 
ra t ios  of 1.80 and 4.20. TJearly constant maximulll efficionciee were 
obtafnad. for power coefficionts frm 0.30 t o  0.60 at advance- 
d . imtor   ra t ios  frm 1.70 to 2.40. The advance-dimter  ratio for 
peak off icioncg increased &8 the power caefffcient W E ~ B  inoreas&. 
In the low rage af a&vance-diameter ra t ros  (1.70 t o  2.90) ,  lossoa in 
nmpollor efficiency .resultip@; f ram blade a t a l l  occurred at paror  
coefficients above 0.60; an increaae i n  power coofficiont from-0.60 
t o  0.70 reduced the efficiency &a much'aa 20 porcmt.  For advance- 
diamotor ra t ios  above 2-90, the p r q e l l o r  .afPfcioncy lncreaacd aa t h o  
power coefficient ,ma increqeed-frm Q,30 t o  0.80. 

2. A t  a f roo-etream Mach rimer of 0.50, the envelop of. the 
efficiency CUT"VBB decreased about ll percent between advance-diameter 
ra t ios  a? 2.40 and 4.40. An fncreme in p m  coefficient frm 0.30 
to 0.80 at an advance-diameter ratio of' 2.40 hals little effect an 
tho propeller efficiency. A change in parer coefficient fron 0.40 
t o  1.00 at an adxance-diameter ratio of 4.40 increme& the  ePficiency 
by about 40 percent I 

I .  3.  For conditions belm the stall the tbrust loading on the 
outboard blade Bectiorm incmaeed more rapfdly than on the i n b o d  

I 
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erections as the power coefffcient WE~B increased o r  88 the advance- 
dimeter  ratio wa8 decreased. For conditions begond the stall the 
thr;ust loading decreased on the outboard sections and increased 011 
the inboard sect€-. 

Alfred W. Young, 
' Mechacal Bglneer. 
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Figure 2. . Aemproducts H20C-162-XllM2 propeller blede. . .  F-2 

F i w e  3. - Front view of YP-47M airplane with Aer&roducts 
E2CC-162-XlU4.2 f our-blade p p e n e r  installed in t e e t .  ' 

. section of alt i tude w i n d  tunnel. . . . . . . . . . . . . .  SF-3 

Figure 5. - Cbaracterfertice of Aempmdzlcta EZGC-162-XllM2 
four-blade propeller on YP-47M aimlane at a p p r o a i t e  
free-stream MEtch number of 0.40. . . . . . . . . . . . .  F-5 

Figure 6. - EPfect of power coefficient C+ on efficiency q 
of Aeroproducts E Z o C - 1 6 2 - X l ~  four-blade propeller at 
agproxlnate f me-atream Mach number M, of 0.40. . . . . .  F-6 

Figure 7. - a f e c t  of power coefficient 011 blade thruet 
load & i E t I ? i b U t i O n  at a,dvaslco-&iamster ra LO J c ~ f  approx- 
imately 1.75 and free-stream Mach nmber M, of 'apprdxi- 
m2.tel.y 0.40. Aeroprodwte H20C-162-XLlE2 fom-blade 
p r o p l l e r  . 
(b) C-p, 0.40; J, 1.85; Mo, 0.41; K+, 0-80. . . . . . . .  F-7 
(e) Cp, 0.49; J, 1.75; I%, 0.40; I.$$ 0.82. . . . . . . .  F-8 

(e) Cp, 0.69; J, 1.73; Ma, 0.38; %, 0.79. . . . . . . .  F-9 
(f) Cp, 0.78; J, 1.71; q, 0.38; %, 0.79. . . . . . . .  F-9 

(g) Gp, 0.90; J, 1.78; 0.39; %, 0.79. . . . .  ; . .  F-10 

2 

(a) Cp, 0.30; 3, 1.76; %, 0.40; I+, 0.82. . . . . . . .  F-7 

(a) Cp, 0.59; J, 1-83; Mo, 0.40; %, 0.80. . . . . . . .  F-8 
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F i w o  8. - E f  cct of advetnco-diaElaeer r a t f o  J on blade 
thruElt load dletribution at power coeffi.ci.ent Cp , of 
aypmximateljr g.70 a@ free-strean - .. - . . .. ". Mach . . . - - number . " . . . . . M, of 
ayproximately 0.40. Aeroproducts H20C-162-XllM2 four- 
blade propeller. 
(a) Cp, 0.70;- J, 4.06; s, 0.40; Mt;, 0.51. . . . . . F-11 

. .  " 

(b) Cp, 0.72; J, 2.92; l&, 0.40; %, 0.58. . . . . . . F-11 
(c) 9, 0.70; J, 2.19; Mot 0.40; M,-, 0.69. . . . . . F-11 
(a) Cp, 0.68; J, 1.73; 0.36; q, 0.79. . . . . . . F-12 
( e )  Cp, 0.70; - J, 1.58; Mot 0.39; 4, 0.87. . . . . . . . F-12 

F l w e  -9. - EWect of advance-diameter ratio J on bl& 
thruElt load dis"uibution at power coeff ici-t Cp of 
approxLm@xlg 0.90 and free-stream h c h  nmber of' 
&pproxf.matelg 0.40. Acropkducta- HZ& -lSZ-%llM2- f o u r -  
blade propeller. 
(a) cf, 0.91; J, 2.94; Ye, 0.40; Mt, 0.59. : . . . . F-13 

. . .  

(b) Cp, O.??; 3, 2.07; s, 0.38; I$, 0.69. . . . '. . . F-13 
( c )  Cp, O:%; J, 1.78; %, 0.39; q, 0.79. . 1 . . . F-14 
(a) Cp, 0.89; J, 1.62; s, 0.38; KG, 0.84. . F-14 

Figure 10. - Characteristics of Aeroproducts HZW-162-XllM2 
four-blade propeller 011 Y€-47M airplane at kj?proximate free- 
s t r e m  Mach nrmiber M, or' 0.50. 

. .. . . . . . . . . . F-IS 

r 

Fi- 11. - Effect of power coefficim'h Cp on offictency q 
of Aero?roductE H20C-IGZ-XLUE f our-bM0 propeller at 
appraxims;te free-s$ream Mach nuinter . .  Bl& of . 0.50. .. . .. . . . . F-16 
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Fi@lxl.s 15. - mfoct of advance-biameter ratio J on the blade 
thrmet laad dietrlbutFon ati power coefficient Op of approx- 
fna te ly  0.91 and free-stream Mmh m e r  &, of approxi- 
mtely 0.50. Aeroproducte H20C-162-XllM2 four-blade ' ' 

propeller. 
(a) Dp, 0.93; J, 4.38; %, 0.49; $, 0.61. .' . . . ; . . F-23 
(b) Cp, 0.91; J, 3.05; Mo, 0.55; %, 0.72. . . . '. . . F-23 
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" Figure 7.- Concluded. Effect of power coefficfent Cp on 
blade thrust load distrfbution at advance-diameter ratio 
J of approximately 1.75 and free-stream Mach number Mo 
of approximately 0.40. Aeroproduats H20C-162-XllY2 f o e  
blade propeller. 
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(a) Cp, 0.70; J, 4.06; Mol 0.40; Mt, 0.51. 
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Figure 8.- Effect of advanae-dlameter ratio J on blade 
thrust load distribution a t  power coefficient - Cp of 
apprOXi?mtely 0.70 and free-stream Mach number M, of 
approximately 0.40. Aeroproduc t s  H20C-162-XllY2 fou r -  
blade propeller . 
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(e) cpr  6.70; J, 1.58; M,, 0.39; M ~ ,  0.87. 

Ffgum 8.- Concluded. Effect. of advanae-diameter ratio J on 
blade thrust load distribution at power coefffcient Cp of 
apprOXimately 0.70 and free-stream Mach number ?I¶, of 
appF0Xhately 0.40. Aeroproduets HZOC-162-XllM2 four-blade 
propeller. 
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(b) C p r  0-m; J, 2.07; Uo, 0.38; Mt, 0.69. 

Figure 9.- Effect of advance-diameter ratio J on blade 
thrust  load dfstsibution at power coefficient Cp of 
approximately 0.90 and free-stream Mach number M, of 
approximately 0.40, Aeroproduots HZOC-162-XllM2 four- 
blade propeller. 
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(b) Cp, 0.41; J, 2-76; M,, 0.48; Mt, 0.73. 
Figure 12.- E f f e c t  of power coeffioient Cp on blade thrust 

load distrtbutton a t  advanee-diameter ratio J of a p p r ~ x l -  
mtely 2.80 and free-stream Yach nrUnber Mo of approximately 
0.60. Aeroproduats H20C-162-X11Y2 four-blade p r o p e l l e r .  
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Figure 16.- Effect of advance-diameter ratio J on blade 

~ thrust l o a d  distribution a t  power coefficient Cp of 
approximately 0.91 and free-stream Mach number Mo oP 
approximately 0.56. Aeroproduatt E20C-162-XIL1YZ four- 
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