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SUMMARY 

An investigation has been  conducted at Mach numbers up to 0.8 for 
the  purpose of studying the  effects of cqressibility on the  internal- 
f l o w  characteristics  of an JUCA 1-series  cowUng-spinner  conibination 
(D-type),  equipped  with a dual-rotatian  propeller. Two 2bpercent- 
thick shank propellers  were  Investigated;  one had a sealed  propeller- 
spinner Juncture and the  other had a raised-platform-airfofl shapd 
juncture. A brief  investigation was also made at E low-speed  free-stream 
hbch  number (0.30 1 In o d e r  t o  study the  effects  of  variations in 
inlet  height and rate of fnternal  compression on the  internal-flow 
characteristics  with  propeller remved. The results of the main part 
of the  investigation  indicate  that the propeller had no appreciable 
compressibility effects on the  impact  pressures  when operating at the 
design  cruise  blade  angle.  With inkeases In shank Loading, however, 
shock and shock-bomdary-Layer-interactfon effects  caused  reductions 
in impact pressure at a Mach number of 0.8. Instal la t ion of the 
platform-type propeller-sphner-juncture configuration  fnvestigated 
with a blade-platform gap height of 0.020 Inch  (approldmately 1/8 Inch 
f~ll scale) caused E reduction in M e t  *act p r e s ~ ~ r e  coefficient  of 
about 4 percent  for the propeller design &se blade  angle.  The 
results  of  the  lov-speed  portian of the  investi@tion  indicate  that 
the  inlet  height (as low as 0 .05pc where D, is maximum diameter of 
cowling) and rate  of  internal  compression has no significant  effect on 
the  inlet-velocity  ratio  at which separation f r am the  spinner  occurs. 

The  development of basic  design data for NACA 1-series  cowling- 
spinner conibinatlons  (D-type  cowllng)  is  reported in reference 1. In 



2 NACA RM L57E12 

order  to  imrestigate  the  possibility of direct  application of these 
data to a gas  turbine-propeller  installation,  the  effects  of  propeller- 
shank thiclmess and propeller-spinner-juncture  configuration on the 
internal-flow  characteristics  of a cowling-spinner  combination  equipped 
with an eight-blade  dual-rotation  propeller  have  been  investigated  at 
low  speed and the results  reported in reference 2. Further  studies of 
the  effects  of  propeller-spinner-juncture  configuration  (ref. 3)  on  the 
pressure  recovery of this  type cowling with a four-blade  single-rotation 
propeller  have  been made at Mach numbers up to 0.83. 

The  purpose  of  the  present  investigation ras to study the  effects 
of compressibility  at  Mach  numbers  up to 0.8 on the  internal-flow  char- 
acteristics of a cowling-spinner  configuration in conbination  wlth a 
dual-rotation propeller. In effect, this study was an extension of the 
predous low-speed  investigation  (ref. 2) in that the  baeic  inlet and 
spinner dimensions remained  the same and two  of  the  propeller-junctwe 
configurations  studied  therein were investigated. 

For the  =in part of the tests,  xhich  were  conducted  in  the  Langley 
low-turbulence  pressure  tunnel,  the  basic  cowling-spinner  combination 
was studied  with  propeller  removed and with two  propeller  configurations 
instslled. The two propeller  configurations  were  similar Ln that  they 
had the same blade form and  plan form. The shanks of one propeller 
were  extended  to  the  spinner  surface  and  sealed;  the  other had a raised- 
platform-type  juncture with the gap requtred to allow blade-angle  changes 
located  outside of the  spinner bow layer.  Several  low-speed  tests 
were  also made with  three  additional  cowling  configurations  to determine 
the  effects of inlet height and rate of internal  compression  on  the 
inlet-velocity  ratio at which flow separation f r o m  the  spinner  surface 
occurs.  The  Fnternal-flow  characteristics were determined  by  total- 
and static-pressure surveys at the  inlet and diffuer stations and the 
internal-flow  rate xas measured  at a venturi  station. 
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Subscripts : 

&V 

C 

S 

1 

d 

0 

F 

R 

P 

angle of attack of  center USE of model 

angle of attack of propeller blades from plane of rotation 

nominal boundary-layer thickness (defined as nom1 

(blade-angle  values given herein a t  ('/RIP = 0 .n) 

\ 
distance from surface  to  point where H - Po 

H, - Po 
= 0.95) 

radial rahe station measured clockwise from top of model 
looking downstream 

blade section  design lift coefficient 

average 

cowling 

spinner  or  central body 

inlet 

diffuser or  design value 

free stream 

front blade 

rear blade 

propeller 

A plan-form drawing of the model is presented i n  figure 1 and 
photographs of  the model are shown i n  figure 2. The basic  configuration 
consists of an XACA I-series cowling-spinner combfnation (D-type) 
mounted on a ducted body of revolution which was supported i n  the 
3- by 7$ -foot  rectangular t e s t  section of the Langley lox-turbulence 
preseure tunnel by an a i r f o i l   s t r u t .  The cowling diameter (10.8 inchee) 
was determined t o  be the maxFnaun that muld permit  choke-free tunnel I 

operation up t o  a test Mach nmiber  of 0.8. 

I 
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II 

Spinner.- The W C A  1-31.6-094.4 spinner  (Ds/Dc = 0.516; Xs/Dc = 0.944) 
was selected as being  the  shortest  length,  smsllest  diameter,  1-series 
spinner that would  enclose a representative  hub and blade-angle-change 
mechanism for an eight-blade  dual-rotation  propeller.  The  over-all 
spinner  dimensions were the same as  those of reference 2 and the division 
between  the  counterrotatlng portions, f o r  the  propeller-imtalled  case, 
xa8 made  at x/x, = 0.609; the  gap  between  spinner  components w&s 
0.03 inch. For the  propeller-removed  test  the  sptnner  gaps  were  sealed. 

Cowl-.- The NACA 1-69.8-077.7,~~arllng (a/& = 0.698; Xc/Dc = O . 7 n ) ,  
herein  referred to as 'basic cowlhg, was selected by the method of 
reference 1 to fulfill the a i r - f l o w  requirements of a repreeentative 
turbo-propeller engine producing  about 5,500 horsepower when operating 
at a cruise Mach number  of 0.8 with an inlet-velocity  ratio  of 0.5 at 
an altitude  of E,OOO feet. An RACA 1-series  inner  liner (Y = O.OIDc; 
X = 0.04Dc) was used, a6  recomnaended in reference I, to  aid Fn the 
avoidance of flox separation  from  the inner U p  when operating  at high 
inlet-velocity  ratios or st high angles  of  attack. The internal  ducting 
s l so  included EL 4 .3S0 eqyivalent  conical diffuser with an area ratio &/A1 
of 1.4 where A 1  = 18.6 square  inches. 

Three  additional  cowlings  were also studied. The first was similar 
to the basic  cowling with the exception  that  it had 110 internal diffuser 

= 1.0 } . The other two were the EACA 1-n.6-077.7 cowling  with no 
diffuser (A = 26.04 square inches 1 and the RACA 1-63.8-077.7 cowling 
with an 8.7k0 equivalent c d c a l  Wfuser ( M A 1  = 2.26 where 
A1 = U.9 square inches 1. Each of the  additional carlFngs had the same 
NACA 1-series h n e r  Uner as the basic c a r l i n g .  Intern& area dfstribu- 
tions and a sketch of the  spinner and cowlings  tested  are  shown  in 
figure 3 .  Station 0 for  each  cowling wa8 fixed  at  the same station of 
the spinner  (at  the  position  shown by the RkCA 1-69.8-077.7 cowling in 
fig. 31. 

Propeller and propeller-spinner  Junctures.-  Plan-form and blade- 
form curves of the  test p r o p e m  are shown in figure 4. The  propeller 
was composed of HACA 16-series  airfoil  sections  and W&B designed  to 
operate  at a n  dvance-Wter ratio  of 4.2 at a cruise  Mach  number 
of 0.8 in accordance with the  design  considerations of reference 4. 
The  root  blade  thickness  h'/b was 0.24 at  the  spinner  surface; bladg 
angles  at  the spbner surface  for  the  front asd rear blades were 85.6 
and 82.8', respectively. 

Two types  of  propeller-spinner  junctures were investigated.  The 
first,  designated ideal juncture, had the  shank-spinner  gap sealed and 
faired  into the spinner  surface; the other had a raised-platform-type 
juncture  (fig. 5) which  located.  the gap required to ayOw changes in 
blade  angle  outside of the spinner boundary layer. This juncture vas - 
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the  most  efficient  practical  juncture  investigated  in  the  low-speed  teat 
reported in reference 2. The  platform was fixed at the  design  cruise 
blade angle with a junction  gap of 0.020 inch.  Considerations  leading 
to  the  choice of t h i s  gap  height  are  discussed  in a subsequent  section. . 

APPARATUS AND TESTS 

Measurements of pressure  distributions  were  made  at  the inlet and 
affuser stations  and  the  Internal mass-flow rate,  which was regulated 
by a movable  tail  plug, was determined  at  the  venturi.  Unpublished data, 
obtahed during  the  low-speed  test of reference 2, indicated  that  the 
flow angularity behind  these  blades  did not  necessitate  the  use of 
shielded  pressure  tubes. The model measuring stations  are shown in  fig- 
ure 1 and the tube arrangements are given Fn the following table.  (The 
inlet rakes’ were removed when d i m e r  measurements  were  being made. 1 
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The static  orifices in the  central  body and inner  cowlin@;  surfaces 
were  located 1 tube dhmeter (0.09 inch) ahead of the pLane of  the 
tokl-pressure rakes and these  tube readings msy have  been  influenced  by 
the  pressure  field  of the rake. Determfnations  of  inlet-velocity  ratios 
b;. use  of all the  inlet-pressure  tubes,  however,  checked wtthin a.01 of 
that  obtained  at  the  venturi  station  for  separatian-free  conditions. 
The average  weighted  impact pressure coefficients and the inlet mass- 
flow  ratios m e  integrated by the  use  of Simpsanrs Rule  with  the  fol- 
lowing assumption made xith regard to  pressure (see preceding  table): 
at  inlet and afffuser radius rake  station, 45O same as 315O, 90' s8me 
as 2p0, and 2250 ~ a m e  as 130~; at  venturi radius rake station, 315' 
same as 45'. 

CompaAsonS of the average impact pressure  coefficients  of  the 
present study at  the  lowest  test  speeds and those  presented in refer- 
ence 2 for .the s~ spinner-inlet and propeller  colllponents will show 
discrepancies  especially for inlet-velocity  ratios  where f l o w  separe- 
tion  occurred ahead of the measuring station.  Such  discrepancies are 
attributed  to  differences in pressure-tube  instrumentation. The 
total-pressure-tube  instrumentatian used in reference 2 consisted  of 
only one rake af tubes i n 8 U d  in the  Inlet and difFuser  at the top 
vertical  center line, whereas the present  test  configuration has five 
total- and static-pressure  tube rakes distributed around the a m u l u ~  
of  the inlet asd diffuser  with each rake  more  adequately covering each 
annulus station. 

The eight-blade  counterrotating propeller was driven by a 
60-horsepower induction rotor and the m r  wa8 transmitted  through a 
3-to-1  gear  reduction  drive  (fig. I). Because  of the drive  power 
Umitatlons and the  test-section  width,  each  propeller was cut  off  at 
the  4~.9-percent-radius station and the  tips  were  rounded; the advance 
ratios  presented, however, are based on the  full-scale model diameter 
of 3 .Og feet. A preliminary  investigation shared that reducing the rmd.el 
propeller diarceter which w a ~  used for the  test of reference 2 to  the 
present value of r/R = 0.459 had no significant  effects on the  internal- 
flow  characteristics. 

Tests  were  conducted over a range  of  inlet-velocity  ratio  from 
approximately 0.2 to 1.0 for the folloraing test  conditions: 

. 
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configuration 

Propeller  removed 

Propeller  hstalled 
(tested  with  basic 
cowling only) 

Blade  angle, deg M, V / ~ D  a, 8eg 

"""""_ 1 0, 2.5, and 51 ---- 10.3 to 0.8 
Cruise : 

& = 63.1 0.6 to 0.8 b4*2 %, 2.5, and 5 
3 -5  

= 62.3 1 C 

= 66.6 b5.25 I 4.2 
to 0.8 

0.6 to 0.8 1 

a ~ d e ~  Juncture 
bAssumed operational  values 
CPlatform  juncture 

Both air, at  atmospheric presmre, and Freon-=,  at a stagnatlon 
pressure  of ID inches of  mercury  absolute, were used  as  testing mediums. 
The  resulting  Reynolds  ntmibers  were 1.32 X 106 for air (M, = 0.3), and 
ranged from2.60 X lo6 to 3.05 X u) 6 for Freon-12 (M, = 0.6 to 0.8) 
based on a maximum cowling  dfameter  of 10.8 inches. The data  obtained 
i n  Freon-12 are  presented  as  corresponding values in air.  The  conver- 
sion f r o m  Freon-12  to  air was based on the  Btreamline similarity con- 
cept  discussed in reference 5 and was almst negligible  for  most of 
the  parameter6  measured in the present  iwestigation up to the maxFmum 
test  Mach  number  of 0.8. 

KESULTS AND DISCUSSION 

Basic  configuration,  propeller  removed.- Typical total- and static- 
pressure  distributions  at  the  five  inlet- and diffueer-rake  stations of 

' the  basic  cow--spinner  combination axe shown Fn figure 6 for angles 
of  attack of 0' E& 5' (M, = 0.68). Near-stream  impact  pressure  is 
indicated  Over  the mulus at the high Wet-velocity ratios  with the 
exception  of  the  regions  affected by skin-friction  losses. As the 
inlet-velocity  ratio WRS reduced, the boundary layer  thickened  and 
finally Beparated became of the  adverse  pressure  rise of the  internal- 
flow system.  At Oo angle of attack  the  distributions  also show that 

a 
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flow asyrrPnetry  began  to  occur a t  the  inlet  for  the lower inlet-velocity 
ratios.  It was noted during the  test  that,  under  these  condltions,  the 
f l o w  surged  alternately  from one position to another. 

The  effect of increasing  the angle of attack to 5O (figs. 6 ( c )  
and 6(d)) was to  thin  out  the boundary layer  at  the  bottom of the  inlet 
for the  entire  test range and to  require E higher  inlet-velocity  ratio 
for  the  avoidance of separation  from  the top of the  spinner.  At an 
inlet-veloclty  ratio of appromtely 0.4 and  below,  the  inlet  pressure 
distribution6  indicate  that  the i3-u~ in  the  top portion of the  inlet 
was reversed and that  the  separated air spilled  above the inlet.  For 
these  canditions,  the  internal flow mved up and around the central 
body and the  local  impact  pressure  coefficients  were higher in  the  top 
portion of the  diffuser  than  for the Oo angle-of-attack w e .  As the 
inlet-velacity  ratio vas increased, sepa,rated flou began to enter the 
top portion of the inlet &nd the  pressures in the  top  portion  of  the 
diffuser  were  progressively  reduced over a small range' of V1/Vo With 
further  increases In inlet-velocity  ratio,  sepsration was elldnated 
ahead of the  inlet snd the  diffuser  local  -act  pressure  coefficient 
began  to  increase.  It will be  noted  that  the NACA 1-series  inner m e r  
used in this  case was sufficient  to amid separation from the  inlet  Lip 
for all test  conditions. 

The  effects  of  Inlet-velocity  ratio and angle of attack on the 
internal  pressure  recovery are best sbm by the  correepondlng  weighted 
impact  pressure  coefflcient  (fig. 7). At 8n angle of attack of Oo, 
there  were only small variations in inlet  impact pressure coefficient 
above an Met-velocity ratio of 0.45 and losses  between  the  inlet and 
diffuser eed from 0.02(% - po)  to O.O3(H, - po) for the range  shown. 
Below 0.45, where  separation  losses  became  severe,  the pressure Coeffi- 
cient dmpped off  rapidly. 

The  lnlet and diffuser iupsct  pressure  coefficients in the low 
inlet-velocity-ratio  range  inrprwed  wlth  increasing  angle  of  attack 
because of the  aforementioned fLox spillage  from  the  top of the inlet 
and to a sUght thInnlug of tbe spinner boundary layer i n  the lower 
regions. The actual values of the coefficients in the range of l o w  
inlet-velacity  ratio  were  difficult to determine since  it  is  not 
possible to  evaluate  accurately the regions where reversed  flow  is 
indLcated  at  the M e t  (zero flar was assumed for integration  purposes) 
and  the  exact extent of flow af3ynmetry at both rake stations msy not 
have  been  determined  with  the  present  instrumentation.  Evaluation  of 
the  Fmpact  pressures obtained at  the  venturi, where the  duct was mre 
completely Fnstmnted and the f l a w  was synnnetrical,  however, showed 
that  these  increases  between 0' and 5' were of the right order. In 
addition,  measurements of the mass flow at the  two  stations shared 
excellent  agreement. As already  pointed  out,  figure 'j' indicates  that, 
a t  the  test  angles  of  attack,  the  diffuser  pressure  coefficients 
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decreased  with an increase in flow  rate as f l o w  began  entering  the  top 
portion of the inlet and then  became  higher  with a further  increase  in 
flow  rate when separation  from  the  top  of  the  spinner was eliminated. 
The  increases in impact  pressure  with  angle of attack  at l o w  values of 
the  inlet-velocity  ratio  are  obviously  associated  vfth  higher  external 
drag. A more  important  adverse  effect,  however,  might  be the influence 
of the f l o w  asymmetry on the lading of  the coqressor blades of a gas- 
turbine-engine  installation. 

The  effect  of  Mach  number on the  average  impact  pressure  coeffi- 
cients at the inlet and. diffuser is presented in figure  8. No appreci- 
able  differences  were  found in the  pressures  above  the b e  of the 
curves  over  the  range of test Mach number. Below this  point,  however, 
the  variations  were  sometimes  large. The reasons  for  the  spread are  not 
readily  apparent,  but  are  believed  to  be of secondary  importance  sFnce 
these  variations  occur  below an operational  inlet-velocity  ratio. 

Basic  configuration,  propeller  installed.-  Representatfve  total- 
and  static-pressure  distributions  at  inlet and diffuser  measuring  sta- 
tions  with  the  sealed  juncture  propeller  operating  at  the design cruise 
condition  are shown in figure 9 for = 0.68 at  angles of attack  of 
0' and 5'. ~n general, the local  *act  pressure  coefficients  never 
attained the propeller-removed values at a = Oo, except  in  the  outer 
region of the inkt amuUs, because of the shank and shank-spinner- 
juncture  interference  effects on the  spianer boundary Layer  (compare 
with fig. 6 )  . These  effects  might have been  expected  to  cause  separa- 
tion  at higher Inlet-velocity  ratios  than  with  propeller  removed.  Such 
separation did not occur; this  result  is  similar  to  that  obtained in 
reference 2. Propeller  operation a l a 0  stabilized  the  entering flaw and 
asymmetry of the  total-pressure  distribution was not  present  at Oo angle 
of attack.  The main effect  of  propeller  operation at angle of attack 
was to  eliminate a portion of  the  reversal.  of  flow and the  surge  which 
occurred  with  propeller  removed.  at  the l o w  inlet-velocity  ratios. 

Average  impact  pressure  coefficients  at  the  inlet and diffuser 
with  propeller  operating  at  the  design  cruise  condition are presented 
in figure 10 as a function of inlet-velocity  ratio  for  the  test  angles 
of  attack  at M, = 0.68. At a = Oo, the  coefficients  at the inlet 
were  from 0.01 to 0.06 less  than  with  propeller rmved (compare  with 
f tg .  7 )  over the m e  of wet-velocity ratio. The greater  iflet 
losses  occurred  at  and  below  the  lmee  values of inlet-velocity  ratio, 
where  the shank interference  effects on the  spinner boundary layer were 
greatest;  the bee of  these curves indicates  the Wet-velocity ratio 
below  which  losses due to  separation  increase  in  severity.  Losses in 
pressure  between t h  inlet and diffuser  were  about  equal for propeller 
removed and w5th  propeller  operating  at  inlet-velocity  ratios below 
the hee values. For inlet-velocity  ratios  above  the  knee  values, 
however,  the losses with  propeller  operating  were  about  twice  those 

. 



NACA RM L53EJ2 11 

with propeller remaved (from about 0.05(% - pol to O . O 7 ( H ,  - p,)), 
probably  because of additlnnn'l mixing and grarth of the  thickened in l e t  
b o w  layer imide the diffuser section. It should be  noted that 
retwisting  the shank sectians of the  present  propeller wou ld  not effect 
significant bcre8ses in recovery. For a lover advance ra t io  design, 
however, possible increase6 Fn recovery might be obtained by increasing 
the  thrust loading of the shank sections. 

A t  the lower inlet-velocity  ratios f o r  the 2.5O and 5 O  angle-of- 
at tack cases, the average impact pressure  coefficient  decreased with 
increasing flox rate. This i n i t i a l  reduction was effected by the entry 
of lou energy air in  the upper portione of the fnlet where m e r s e d  
flm vas indicated  for  the propeller-removed case. The diffuser pres- 
sure coefficients, huwever, followed the 8- trend as that obtalned 
with propeller removed. For inlet-velocity ratios below 0.4, EOE 
points on these M a t e d  slightly higher pressures at the dif- 
fuser  than a t  the inlet. This amarent ssomaly is  due to  the  influence 
of aspmetr ical  f l o w  on the measurements made with the present 
instrumentation. 

The inlet impact pressure  coefficient obtained wfth the sealed 
shank propeller operating over  the t e s t  range of Mach nuniber, advance 
rat io ,  and blade angle is presented in figure ll for an angle of attack 
of Oo; corresponding resul ts  of propeller-removed case are included f o r  
comparison. Only a slight effect  of Mach mer is noted wlth the 
propeller  operating a t  the design m i s e  condition (& = 63 .lo; 

= 62.3O; V/nD = 4.2). A reduction In advance r a t i o  to 3.5, with 
resultant higher root angles of attack, caused small increases i n  the 
pressure  coefficients as might be anticipated fKmr low-speed data 
(ref. 2) . The increased  root  angles of attack, however, might Etlso be 
expected to   cmse  additional shock and shock-boundmy-layer effects at 
the higher Mach nunhers, d the datrt for an advance r a t i o  of 3.5 bdi- 
cat@ a tendency toward an increased c p r e s s i b i l i t y   e f f e c t .  A t  the simu- 
lated hiespeed condition (Sp = 67.4 ; & = 66.6"; V/nD = 5.25),  the 
Mach  number effect  became mre pronounced and the pressure  coefficients 
did not  increase  with increases i n  shank badlng as the a d m e  r a t i o  
was reduced f r o m  5.25 t0 4.2. It is apparent that thinner shank section6 
will be required t o  obtain aqy si@ficant increa8e.e i n  impact pressures. 
This conclusion is i n  agreement wfth the data of references 6 and 7, 
i n  which the  section  characteristics of several txo-aimexmianal 16-series 
a i r f o u ,  wlth varying thickness r a t i o s  are reported.  Reference 6 indi- 
cates that, for   a i r foi l   sect ions in  the range of thichess of the present 
~hRnkfi, the llft is markedly reduced and the drag increased by increases 
in  thickness  ratio. Reference 7 A a ? t h e r  points  out that the only prac- 
tical method of reducing  compressibility losses is by decreasing the 
section  thickness r a t i o .  
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With  the  platform-type  juncture  installed, on ly  a slight  effect 
of  Mach  number on the  inlet  *act pressm (fig. 1 2 )  WELS noted  for 
the  entire  test  range of advance  ratio and blade  angles.  The  reduction 
in  the  adverse  compr~ssibility  effects for the  platform-juncture  con- 
figuration e , ~  compared  with  the  sealed ehank propeller is probably due 
to  the f o l l o u i n g  factors:  At  the  cruise  blade  angle,  where  the  propeller 
shanks and the  platform  juncture  were  alined, some relief  of  the  pressures 
on the  suction  face of the blades may be afeorded by the  gap. For the 
high-speed  condition,  where  the  compressibility  effects  for the sealed 
shank configuration  were mst pronounced., in addition  to  the  gap  effects, 
the  angles  of  attack of the fixed pLatform  secticms  were  less  than 
those for  the  camparable shanks of the  sealed  juncture  configuration 
inasmuch  as  the  platforms remabed fixed at  the  cruise  attitude. The 
pomible generation of vortices  at the juncture gap (see re f .  8) may 
also  have  been  influential  at  the  high-speed  blade  angle. 

Average  impact  pressure  coefficients  obtained  with  the  two  propeller 
shank-spinner  juncture  conf'igurations  are  compared in figure 1.3 at  the 
design  Mach  nuniber.  Although  the  effects  of  compressibility  on  the 
impact  pressures  were sma~er for  the  platform  juncture  (compare  figs. 11 
and X?), the  coefficients  were  generally  reduced  as  compared  to the 
sealed  juncture  propeller  (fig. 13) in the  operational  range  of ~nlet- 
velocity  ratio. 

For the design  cruise  blade  angle, the impact  pressure  coefficients 
above  the bee of the cu~ves were about 4 percent  of  the  stream  impact 
pressure  less  than  those f o r  the  eealed  juncture  propeller;  the  reduc- 
tion in Coefficients,  of  course, was a result of  the  flow  through  the 
gap. Similar  losses  were also obtained  at  the  high-speed  blade  angle 
for W c h  number  below 0.79. For this.  condition,  the  decrease  in  pres- 
sure  coefficients was apparently  due  to  the  reduced blade angle in the 
region of the  fixed  platform as well as to  the  gap  flow. At = 0.79, 
the  coefficients  obtained  with  the  tvo  canfigurations  were  in  better 
agreement  (see  fig. 13) because  of  the  adverse  effects of compressibility 
on  the  sealed  juncture  configuration. 

For the previous low-speed  investigation (ref. 2), a juncture gap 
one-- as  large as the present one was considered and the  impact pres- 
sure  coefficients  for  the  sealed and the  platform  junctures  compared 
more  favorably  over  the  entire  test  range.  It has been  determined, 
however,  that  the  former  gap was not a practical  one  (ref. 9 )  and, it 
was increased,  therefore,  for  the  present  test.  Because  of  the  effects 
of  gap  size on the  pressure  coefficients,  it  is  indicated  that some 
type of seal  that muld not  cause  dlsturbances to the  entering  flow 
would be  advantageous.  This  fact ie most  obvious  at  the cmlse blade 
angle  where  the  advantages  of  the gap flow, f r o m  the  standpoint of 
decreased  compressibility  effects,  are small compared  to  the  pressure 
losses.  At  the  high-speed  blade angle, xhere  the  compressibility  effects 

* 



NACA RM L 5 Z U  13 

for  the  sealed  juncture  became  greater (Mo = 0 .n) and some relief  is 
afforded by the  platform-juncture  configuration,  the  over-all  influence 
of a gap seal is  not so apparent. 

Effect of variations 3-n Fzllet height and internal  diffusion.- 
Representative  distributions of total- and static-pressure  coefficients 
measured  at cme of the inlet rakes of each of the four cowllngs with 
the WCA 1-51.6-094.4 spinner are presented in figure 14 for an angle 
of  attack of 0' at a Mach number  of 0.3. These  distributions and 
those  at  the  other rake atations  (not  shown)  indicate  that  the lmmdary- 
layer  thickness  at caparable inlet-velocity  ratios was 6Fmflar for 
all configurations  until  separation occurred ahead of the  fnlet.  These 
effects  are also shoxn in figure l'j where the  boundary-Layer  thickness, 
defined EB the normal distance  from  the  surface  to the point where 

- - = 0.95, is  presented  as a functian of inlet-velocity  ratio. 
Ho -,,Po 
The  knees"  at  the  lover values of inlet-velocity  ratio  where the thick- 
ness  began to increase  rapidly are Ucative of- the onset of separation. 
It  is  apparent  from  these data that the separation value of inlet-velocity 
was not  significantly  affected  by  variation in inlet  height f o r  heights 
as low as 0.05'jDc or rate of internal compression. The representative 
bollndftrv-layer  thicknesses sham for each  configuration were within 

ratios  above 0 -39. Below this  point,  the f low asymmetry  became  severe 
and surging was noted m a d  the annulus. 
m.03 inch Of values nteawed St inlet rake6 for hkt-velacity 

The W e t  and diffirser  average  *act  pressure  coefficient for 
the four coarlin@;  configurations  is shown in figure 16 as a functian of 
inlet-velocity  ratio  for asgles of attack of Oo, 2 .5O,  and 5O. AB 
w o u l d  be  expected,  the  inlet  coefficfents  improved  with  increasing 
inlet  height  inasmuch 88 the boundary m e r ,  which is  similar  for all 
cases, f i U d  a mmller part of the total  area. This fact  is  especially 
true  in the diffuser  where  the boundary layers from the  inner- and outer- 
duct walls were in c l o s e r  proximLty  for the smaller inlet and. greater 
mixing of the two boundary regions  occurred. 

The  results  obtsined with the EACA 1-69 .&on. 7 cowling e t h  and 
without E diffuser,  indicates  that  there  is a negligible diffeme in 
inlet  impact  pressure recuvery for  the  entire  range of inlet-velocity 
ratio.  At  the  diffuser  station,  however,  the internal pressure  rise 
at low Inlet-velocity Mtios effected internal separation for the dif- 
fuser  configuratian;  greater total-pressure bsseB resulted  from t h i s  
separation. When internal  separation was e w t e d  (v~/v, 0.50 for 
a = Oo), the recovery for  this  configuration  equaled or vas higher  than 
the  case  with no internal  campression due to reduced skin-friction 
losses. A n  inlet-vebcity  ratio  greater  than this -LE is required 
to  avoid a pressure  peak on the U p  of any NACA 1-series cowYng usable 
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The  angle-of-attack  effects  were similar to  those  previously dis- 
cussed  in  connection  with  the  basic  configuration  with  propeller removed. 
At  the low inlet-velocity  ratios,  the  diffuser  recovery was often  higher 
than  that  at  the W e t  for 2.5' and 5O. As previously  pointed  out, this 
is  apparently  due  to  the  effects of flow  asymmetry  on  the  measurements =de with the preeent  inst.rmentation. 

An investigation has been  conducted  to  study  the  effects  of com- 
pressibility  at  Mach  numbers  up to 0.8 on the  internal-flow  character- 
istics  of an NACA  1-series  cowling-spinner  combination  equipped  with a 
dual-rotation  propeller. Two 24-percent-thick shank propellers  were 
studied;  one had 8 sealed  propeller-spinner.  juncture and the  other had 
a raised-platform  afrfoil-shaped  juncture.  The  effects of inlet  height 
and rate af internal  con~pression, w%th propeller  removed, was &LEO con- 
sidered.  The  more  important  conclusions' a r e  a8 follows: 

1. The  effects of  compressibility on the  basic  configuration  with 
propeller removed are  negligible  for  the  entire  test  range. 

2. The propeller  caused no appreciable  compressibility  effects on 
the  internal  impact-pressure when operating  at  the  desi@  cruise  ccm- 
dition.  With  incre8ses  in shank loading, however,  shock and shock- 
b o w  layer  interaction  effects  caused  reductions  in  -act  pressure 
at a Mach  number of 0.8 for  the  sealed shank propeller. 

3 .  lnstallation  of  the  platform-type  propeller-spinner  juncture 
configuration  investigated  with a blade-platform gap height of 0.02 Inch 
(approx. 1/8 inch euY scale)  caused a reduction in inlet  impact  pres- 
sure coefficient of about 4 percent  for  the  propeller  design  cruise 
blade  angle. 

of cowling) and rate  of  internal  compression had no significant  effect 
on  the  inlet-velocity  ratio  at  which  separation f r o m  the  spinner  occurred. 

4.  Inlet  height  (as low as O.O55D, where D, is maxFmum diameter 

Langley Aeronautical  Laboratory, 
National Advisory Cormnittee  for  Aeronautics, 

Langley Field, Va. 
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( a )  P h  view of cowling-epinner combination. 
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(b) The 24-percent-thick shank propeller fmtalled. Ideal juncture. 

Figure 2.- Continued. . 
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(c) Front v iew of model shea tube arrangement. 

Figure 2 .- Concluded. 
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NACA 3.Og-(5)(0.050)-& dual-robtion propeller vith 24-percent-thick 
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Figure 5.- Platform-type juncture. Airfoil platform  ordinates 8ame &E 
basic sealed juncture propel le r .  All dimensions m e  in  inches. 
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(a) m t .  a = o . 
Figure 6 . -  T o t a l -  and statfc-pressure dist r ibut ian at -et and diffuser 

0 

measuring s t a t i m  for basic cowling-spinner coanbination. Propeller 
removed; M, = 0.68. Flagged symbols indicate  static pressures. - 
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(b) Dimser . a = Oo. 

Figure 6.- Continued. 
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( c )  Inlet. Q = 50. 

Figure 6.- Continued. 
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(a) Diffuser. a = 5 O .  

Figure 6 .- Concluded. 
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Figure 7.- Effect of Met-veloci ty  ratio and angle of attack on the 
average impact pressure coefficient at the inlet and diffuser. 
PropeLler removed; M, = 0.68. 
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Figure 8.- Effect of' Mach  nuniber an the average impact pressure coefficient 
a t   i n l e t  md diffuser. Propeller removed; Q = Oo. - 
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(a) m e t .  a = 00. 

Figure 9.- Tota l -  and static-presme distribution at i n l e t  and diffuser 
measuring s t a t i m .   I d e a l  shank-spinner juncture; & = 63 .lo; = 62.30; 
V/nD = 4.2; MO = 0.68. F l ~ g g e d  symbols indicate s t a t i c  .pressures. 
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(b) Diffuser. a = Oo. 

Figure 9.- Continued. 
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(c) Inlet, a = 5 O .  

Figure 9.- Continued. 
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(a) Diffuser. = 5'. 

Figure 9.- Concluded. 



5F mal m L53El2 33 

. 

3 1.0 

1.0 

.€ 



1.0 

.9 

.a 

.7 

.DO .2 .4 .6 .I 1.0 

"lh0 
. . . .  

Figure U.- Effect of Mach d e r  on the  average impact pressure coefficient 
at the inlet of the  basic cowling with ideal shank-spFnner-junctue pro- 
peller  operating at the test blade angle and advance ratios. Propeller- 
removed data are i n c b k d  f o r  camparison. a = 00. 
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Figure 12.- Effect of Mach nurdber on the average Impact pressure  coefficient 
at the  inlet of  the basic cowling with the platform-juncture propeller 
operating at the test blade Etngles and advance ratios. CY = Oo. 
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Figure 13.- EfPect of propeller sW-spinner juncture configuration on 
the average lmpact premure coefficient at the inlet of t he  basic 
cowung. a = o0; M, = 0.79. 
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h .  L h  

fa)  NACA 1-63.8-077.7 cowling, (b) NACA 1-69.8-077.7 carling, 
&/A1 = 2.26. &/Ax = 1.4. 

(c) NACA 1-75.6-077.7 cowling, (d) MACA 1-69.8-07'7.7 coxling, 
&/A1 = 1.0. A& = 1.0. 

Figure 14.- Representative  total- and stetic-pressure distributions 
at the inlet of t h e  several  cowling  configurations. Propeller 
removed; cx = Oo; M, = 0.3. Flagged symbols indicate  static 
pressures. 
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Figure 15.- Effect of inlet-velocity  ratio an spinner boundary layer 
a t  representatlve  inlet  position.  Propeller removed; (r: = 0'; 
M, = 0 . 3 .  
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Figure 16.- Effect  of i n l e t -ve loc iQ  r a t io  and angle of attack on the 
average impact pressure coef f ic ien t  et t h e  inlet and diffuser stations 
of the several  cowling  configurations. Propeller removed; M, = 0 . 3 .  
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