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OF A SUBMERGED CASCAIlE IKGET 

By R, lzuase Christiani and Irtur~s M. Randall 

An elcperlnaental investigation of a submerged a i r  inlet incor- 
porating a cascade of a i r fo i l s  for turning and dlffusing the 
entering a i r  is bscribed.  The investigation was prelimimry  in 
nature and  intended to be a guide for further research on t h i s  tspe 
in le t  . 

Variables asswiated with both mCA- submerged air  in le t s  and 
a i r f o i l . s c a d e  designs were considered. Modifications t o  the 
submsrged i n l e t  included changes t o  the ramp plan f o m  and ramp 
angle. The casoade variables were: c a e c a a x i s  inclination, 
cascade4lade angle,  solidity, and inclination of the aenter line of 
the duct aft af the casoade of a i r fo i l s .  

For a cascade having a given nwd19r of blades and blade apc i rg ,  
increasing the inclination of the oascade a r i a  from 20* t o  40° 
inoreased the =ximum  pressure recovery fo r  a given  inclination 
of the duct center line and diffusion of the i n t a b  air. Increasing 

blades) inoreased  the mximum ran-pressure  recoveries  obtained with 
large air  defleotians and reduced the maximum nm-pessure recoveries 
obtained with m ~ l l  air deflections. 

the sol idi ty  =ti0 O f  the OaSCade from 0 (no b a b e )  t0 2 moo (9  

The t e s t  results showed that for inlehvelooi ty   ra t ios  less 
then 1.0 an entranoe mnp with aurved diverging walls provided 
substantially  higher z”pessure recoveries than a ramp with 
parallel walls. The detz”b1 effect  upon ra~bpessure recovery 
of increasing ramp angle was found to ‘De less for  the submerged 
inlet with a cascade of a i r f o i l s  thsn previoua research had i 3 9 m  
for the submerged in l e t  alone. Ramp angle B between 8O and 10 . 
appeared to  be about optirmns from considerations of ram-pressure 
recovery. - 
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A cascade of a i r fo i l s  m y  be employed to d e f l e o t  an air  stream 
w i t h  relatively mll loss of available energy. W i t h  proper ge- 
metrio arrangement, the deflection at? the air stream is also 
accompnled by a oormiderable  decrease in velmity. 

As prt of the pmgram t o  study ductrinlet problems, an invest; 
igation was =de - to  dStermLne the feasibi l i ty  of incorporating a 
oaeoade of a i r fo i l s  as an integral part td a fully submrged intab.  
It was reasoned that,if an eff ic ient  ossoade of' airfoils were 
combined w i t h  an EACA submerged inlet (reference l), the resultant 
air-induction system would diffuse and defleot the a i r  in a mininnrm 
of' s p o e  and st i l l  give a rea80nabl0 nuwp-essure r e c m r y .  

The inmetigation discussed here was preliminary in nature and 
was meant t o  s e m  as a guldq f o r  future researoh. Only the more 
important variables Crp airfoi1"oaeuade and submerged-inlet design 
were oonsidered. 

SYMBOLS 

a1 arbitrarily defined area of the inlet at station 1 

C blade chord, f ee t  

(A1 = wt sin a) ,  square f ee t  

H t o t a l  pressure, pounds per square foot 

AE .total"pressure loss, pounds per squsse foot 

2 distance between the movable duct walls measured along 
the casoade axis, feet 

P s t a t i o  p a s u r e ,  pounds per square foot 

Q Qmamlc pressure, PO& per square foot 
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blade s p o i n g  lneasured pmllel  to cascade axiB, f ee t  

l o m l  a i r  velocity i n  boundary lager, f ee t  per second 

w i d t h  of duot measured p r a l l e l  t o  blade span, f ee t  

cascade4lade angle (angle between the model center l ine 
and chord l ine  of b l a b s ) ,  degrees 

ramp a w e  (acute  angle between the model center  line and 
and the ramp center l ine) ,  &egress 

cascadeais angle  (acute  angle between the model center 
line and the cascade axis),  degrees 

angle of the duct oenter line (acutg angle between the 
duct center line and the center line of the m o d e l  or 
fuselage), degrees 

sol idi ty  r a t i o  of cascade of airfoils  (c/s)  

-covery r a t i o  (ratio of free-stmam ram pessure 
recovered t o  free-stream ram pressure) 

inlet-velocity  ratio 

Subscripts 

free stream 

inlet station norm1 t o  model center line and pssing 
through the  intersection of the ramp and the contiguous 
duct wall (fig. 2) 

duct  .station norms1 t o  duct walls and approxinrrtely 
6 inches downstres;m of cascade axis (fig. 2) 

MODEL AKD A P € ! ! T l E  

The subnerged  cascade in l e t  was installed on one side rd a model 
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of a fuselage. No wing or tail surfaces were included un the model, 

7- by l&f oot wind tunnels, The rear support s t ru t  served as prt 
of the ducting system leading from the inlet to a variable-speed 
cenkifugal blower outside the wind tunnel. The quantity of air 
drawn through the Inlet was measured by an standard orifice 
mter i n  the external ducting system. A schelnatic sketch of the 
fuselage, sharing various model detai ls  and the pth of the air 
drawn through  the model, is presented in figure 2. 

FigUre 3 shows the mdel moUnted two S h t S  in anS Of the -8 

The width of the duot a t  and aft of the caacade was comtant 
(6  in.)   for all t e s t s .  Deflection of the cascade axis was obtained 
by rotation about a fixed point on the l i p  of the Inlet. The 
distance between the movable duct walls m a e n d  along the csscade 
axis was held conetant ( 2  = 8.34 in. ) , The length of the ramp for 
the major partion of the investigation was 22.88 lmhes. Thus, f o r  
these canditicme the ramp angle decreased with deoreasing angle of 
the m e c a b  axis. w i t h  the casoade-ie angle af 20°, the ramp 
angle was varied by dscrea~ling the ramp length. The extent of the 
changes i n  ramp angle and w i d t h - M p t h  ratio, for the cascade- 
axis angles  tested, are given below: 

20° 

30’ 

4oo 

2.11 

1.44 

1.12 

Ramps having both pare~llel and curved diverging walls were tested 
f o r  several casoade arrangements, The coordinates fo r  the c m d  
divsrging walls are given i n  figum 4, 

The b2ades (airfoils) of the caecade had a chord of 1.50 
inches and a span of 6 inchee. The blade 8ectim, the W 27 super- 
posed on a oamber lin~ consisting of a circular arc of 45.2’, vas 
the eame section a8 employed i n  the experiments reported by refer- 
ence 2. The coordinates for this sectian  are given i n  table I. The 
illlet design wa8 such that the blade angle could be changed from ld3 
to 50’. The bUdes could be deflected  about a -point an the chord 
37.5 perceat *am the leading e-. Solidity ra t ioe  of 0, 0-67, 
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1.00, and 2.00 oould be obtained with 0, 3, 5, and 9 b l a b s ,  
respectively,  evenly and symmetrically spced  along the cascade 
aX28. 

The ~ a l l s  af the duot aft of the cascade were F u e l  a t  all 
tims. Two of these -walls could be deflected through an angular 
range 7 of from 1 5 O  t o  70° w i t h  respeot  to the model center line, 
A pressure rake W&E approxinmtely 6 inches behlnd the cascade, and 
the nuuiber of aotive  tubes  varied from 30 t o  48 total-pressure tubes 
and from 3 t o  5 static-pressure tubes, depending on the cascadeaxis 
angle and the sett ing of the duot walls. 

TESTS 

Because the charaoteristice of a submerged. ~ a s ~ d e  inlet are 
t affected by both oascade and submerged.ir-inlet design variables, 

the tests were logically dividsd into two prts. The cascads vari- 
ables were investigated with a basic submerged a i r  inlet having 

@, b l a b  angle %, solidity ratio u, and angle of the duct center 
line 7 .  The variations of ramp angle and lgmp plan form were t e s b  d 
for several ~as~hd&blade angles with a representative cascade 
arrangement hadng a caacade-eucis angle of 200 and a solidity  ratio 
of 1.0. The extent of the investigation of the various pElrametere 
i s  given in table II. 

parallel wdh. These m i a b l e 8  included caaade-axis  angle 

Each modification was tested with several -9s of the duct 
center line in  order to bracket that f o r  the ~l~lxirmun pressure 
recovery. The ge0metz-y of the model limitsd the minimum angle of 
the duct  center line t o  l 5 O .  With this  limitation, it not 
possible t o  obtain n r z x m  pressure recovery f o r  blade angles of 18. 

A range af inlet-velocity  ratios from 0 to 1.4 -8 covered f o r  
a l l  modifications tested. The fuselage remined at  an angle of 
attack and an angle of sideslip ~f oO. The tunnel airspeed WE 
about.200 f e e t  per second, which corresponds to a Reynolds number 
per foot of approximltely 1,200,000, 

The ram pressure recovered -8 measured af t  of the cascade for 
the various angles of t h  duct center line and vaxious diff usiane 
provided by the aforementioned cascade and inlet variations. b 
pressure recoveries were caloulated from the average values of the 
duct total pressures a s  indicated by the mke. 

A survey of the bomdary  layer  over the fuselage a t  the 

I 



loastion of the duot entrance was msde prior t o  the installation of 
the submerged cascade inlet. The boundary"layer profile is shown 
i n  fi- 5. 

. " 
" 

Bo attempt was mads t o  study or improve the flaw a t  the 
junctions of the wall of' the duct an& the ramp and the w a l l  of the 
duct and the l i p .  The inlet was designed BO that alterations oould 
be made quickly and the flow, no doubt, oould be improved consider- 
ably far a fixed arrangement. 

RESULTS AKD DISCIESIOm 

Beoause af the number of variables  in the geomtrg of air  
inlets, it is diff icul t   to   f ind a refereme  velaoity  ratio that is 
satisfaotory  for  coqarieons of all inlets and their modifloations. 
A n  arbitrary v-eloczity r a t io  V,/Vo has been ohosen fcxr the p s e n -  
tation of the results In this report because af its eimilarity t o  
the inlet-uelooity ratio normlly used for  presentation of results 
of submerged-inlet t e s t a  (reference 1). For a given inlet s ize  and 
internal diffueian, therefore, the results presented herein can be 
cumpared t o  those of reference 1 at  approxinrstelg ths same inleh 
velooIty ra t ios  VIDo. Sinoe the distance between the movable duct 
walls for the submerged oascade inlet varied with the angles af the 
duct center  line and the c3ascade axis, the diffusion o r  reduction 
of velocity aP the entering air  also  varied with these m g l e e  for  
constant i ~ t - v e l o o i t y   r a t i o s  v~/v,. FCW a given engine instal- 
fation, therefore, a better evaluation of the effeots of the - 
anretars of the submerged cascade inlet m y  be obtained by  compeLrison 
of the r e s u l t s  f o r  a given diffusion v2Jv0 af the entering air. 

The reduotion Crp velocity of the air  flowling through the duct 
was oalcufated in the following ImMer: For an l n o ~ s s i b l e  
fluid, the r a t io  of the velmity of the air  behind the mscade of 
airfoils to the velocity of the 8 a m ~  quantity at' air  passing 
through an &1*8a w d  a t  station 1 is  

the oaeoads of a i r fo i l8  
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The relation between these variables is shown in figure 6 for 
several incl inat ims of the cascab axis. 

Ths t e s t  ?%SutS mY'9 0bh-d by WSUriW the - P e E E D  
recovery f o r  various  angles of the center line of the duot and fo r  
vazious constast  inlet-velocity ra t ios .  Typical BIc&IIIples of these 
data are sham in figure 7 for the in l e t  having a ramp with 
pay.allel ~ U E ,  a a a g h  of 7 .9 ,  a oascade-axis angle of 20O 
a sol idi ty   ra t io  O-P 1.0, and ~as~ade-bhde angles of 10 , 20°, 30 8 , 
and 40°. The mximm zwbpressure recoveries for a  given inlet- 
velocity r a t i o  well def inea for Wi3t blade angles, with a con- 
siderable  reduction of mnwecovery r a t i o  for angles & the duct 
center line on either  side of the optinwn. 

The values of the mxcimum ram-recovery rat ios  obtained with 
each blade angle fo r  all modificatians tested are presented in 
table III, together  with the aagles of the duat  center line for 
which these nnzxirmnn rm+recovery rat ios  were obbined. It i s  
believed that the maximum pressure  recoveries f o r  a given blade 
angle resulted when the walls of the duct were "1 to  the mean 
direation of air flow leaving the blades. A f e w  directional-pitot 
surveys =de behind i h  blades indicated this be generally 
W i t h  the angle of the  duct  center  line greater or less than the 
optimum for a given blade angle, the pressure losses were greater, 
probably because the sir leaving  the cascadrs of' a i r fo i l s  was 
directed tonard one wall af the duot and amy from the other. 
Reference 3 indicates that "secondary flow" OOCUTE ~5th a cascade 
of a i r fo i l s  because of the boundary layer on the walls of the duot 
a t  the ends of the blades and the pressure difference between the 
upper and lower surface of adjacent blades. A s i d e  fram the losses 
that would norrmlly be encountered a t  the entranoe t o  a submrged 
inlet (reference l), t h i s  secondary f b w  would also a f f e o t  the 

the modifioations tested has not been oonrpletdy  established. 
p S S U r e  reC0Vem. mVBr, the  Origin O f  the losses obtaimd W i t h  

A s  indioated by figure 7, the m n ~ ~ c o v e r y  ratios of table III 
were not necessarily the maximum -ecovery rat ios  f o r  the given 
angles of the duct center  line, It is  evident that for a given 
inletr;irelocity r a t i o  an envelope of the O U ~ P B E  fOr various  blade 
angles  represents the maximum value of ?mwcecovery r a t io  attain, 
able w i t h  the tspe of inlet used for a given angle of the duct center 
line. 



8 

To summrize the results of the tests with various modifioakions 
of the inlet, the envelopes of the urns of msximum -uoverg 
ratio obtained fo r  the range of angles of the duct  oenter  line 
investigated were determined fo r  variours inlet-velmity ratioer. 
These results are  presented i n  figures 8 t o  10. The p o b t s  of 
b q p r n y  of the envelope c u r "  with the aurvBs representing the 
wria t ion  of lam-recovery r a t io  wlth angle of ths duct  oenter line 
f o r  constant blade angles are indioated by the inbrsaotione of the 
dashed lines with the envelope C U ~ V ~ S .  For a given angle of the 
duct center line, as w o u l d  be the ease for a norm~l lmtal la t ian,  It 
ie evident that the optirmun blade angle varied s u m w h a t  vith inlet 
velocity  ratio. 

The inlet-velocity  ratio  for mxlmum rmna-ecovery r a t io  was not 
established for a l l  modifications of the inlet tested. The range of 
inlet-velocity  ratios  investigated was aomidered adequate for t h i s  
preliminmy investigation; it was limited by the size of -1, tha 
capacity aP the ctxupressor sumlying the awclliasg air, and the 
required accuracy of the data. 

Caeoade Modlf loations 

As shown by the data of figure 8, Increasing the solidity 
ra t io  fram 0 to 0.67 gave higher ram+reoovery ra t ios  for  all angles 
of the duct  center line tested, particuhrly far those angles 
greater than 300. ~ncreasing the eol idi ty   ra t io  froan 0.67 to  1.00 
generally provided a elight  increase of nxwreoovery ra t io  for duot 
cantesl ine angles greater than 40°. Further inarease of soliaity 
ra t io  from 1.00 t o  2.00 gave detrimental effeots for emall angles 
of the duct  center line and large inlet-veloafty rat106 but 
increased  the n c o v e r y  rat ios  for the largest angles of the duct 
center line invest is ted.  

It is apparent from theee data  that the soiLidity ra t io  for 
nmximum ma~pressure recovery  inoreased with inoreasing angle of the 
duct  center  line . For a fixed blade chord, the optimum solidity 
ra t io  should increase w i t h  air defleotion up to the point w h e r e  the 
pressure loseres provided by the inoreasing rimer of blades offeet 
the increased turning  effloiemy. The optlnrum sol idi ty   ra t io  was 
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not established  for ths larger air deflections by the conditions 
tested. 

C a s c a a x i s  amles.- The envelope  curves of the lnaximum ra~+ 
recovery r a t i o s  obtained w i t h  cascade-axis angles of 20°, 30°, and 
40° are shown i n  figure 9. The data were obtained w i t h  the ranp 
havfng parallel walls and a cascade so l id i ty   ra t io  of 1.0. A s  the 
engle of the cascade axis increased from 2 0 ~  t o  bo, the entrance 
w i d t h - t d p t h   r a t i o  .decreased from 2.05 t o  1.09 and the raslp angle 
increased f r m  7.90 t o  13.7O because of the mechanic8 of the model. 
It was found in reference 1 that variations of entrance width-tc+ 
depth ratio  within this range had only a -11 effect on -recovery 
m t i o  for a submerged in l e t  w i t h  p m l l e l  ramp walls.  A s  w i l l  be 
shown later, variation of ramp eagle within  the range encountered 
h d  only a -11 effect. 

The resul ts  presented in   f igure 9 indicate that fo r  a given 
angle of the duct oenter line  the mxirmrm mn-pressure recoveries 
increased  with  increasing angle of the uascade axis ,  For an angle 
of' the duct  center line of 4oo and an i d e t - m l o c i t y   m t i o  of 0.6, 
increasing  the angle OP the cascade axis from 20° t o  bo increased 
the mxirmrm ram-recover;g r a t io  fran 0.50 to 0.65. The r a t io s  of the 
velocity of the air aft of the  cascade to that of the free-strearm 
air fo r  these two conditions were 0.24 and 0.39, respectively. For 
constant values of inlet-velocity r a t i o  and  angle of the duct  center 
line the aamunt that the air was diffused  in pssing through the 
cascade decreased as the cascade-axis  angle  increased. This reduc- 
t ion of diffusion a t  the higher cascade-axis aq le s  would provi.de a 
smaller pressure r i s e  aoross the cascade  and  should  reduce the 
pressure losses . 

To provide a more equitable comparison f o r  a given  engine 
installation,  results which i l lus tza te  the effect  of cascade-axis 
angle on the mximum mxa-pressure recoveries obtained f o r  a given 
diffusion have been tabulated. For a r a t i o  of the  velocity aft of 
the cascade t o  free-sixeam veloci t r  V2/T0 of 0.3 and an angle of 
the duct  center  line of kOo, the  following resul ts  w e r e  obtained: 

Maximum ram- 
cp recovery r a t io  V J V ~  

200 

60 .46 400 
.58 56 30° 

0.52 0.76 



10 

SFmilar resul ts  were obtained for other  diffusione and angles of the 
duct  center line. It is noted that the largest angles of' the 
casoads axis tested provided the M a s t  ram-recovery ra t ios .  

Submerged-Entmace Modif iwtions 

Two important  design prameters which affect  the aerodynamic 
cha.racteriatio8 of 8Ub11~rged-typ air  inleta are ramp plan form and 
raslp angle, as has been indioated i n  reference 1. The effects of 
these two geometzical changes on the oharaoteristics of' a submerged 
inlet ut i l iz ing a oascade of airPoils were imstigated. A solidity 
r a t io  of 1.0 and a oascade-axis angle of 20' were ohoeen for the 
i~8ti~tiDfI. 

Pasn, D l a n  form.- Previous research on submerged inlets has 
shown tbat a t  the lower Inle-L-velOcity ra t ios  curved divergent ra;mp 
walla effected substantial gains in -pressure recovery over that 
attainable with parallel ramp Wll8 .  Figure 10 s h m  this cha?xcixr- 
i s t i o  t o  be true also for a cascade inlet. For an angle of the duot 
center line of 4-00 and an  ir&rkvelooity  ratio of 0.6, the inbt 
with p r a l l e l  ramp walls provided a r a n ~ % o o v e r y  r a t i o  OP 0.50, while 
the inlet with curv-ed divergent ramp walls provided a rawrecovery 
=t i0  of 0.69. 

Ramp amle.- The ramp angle of the submsrged casoade in l e t  was 
varied. for raarps havlng both pra l l e l  and curved divergent walls; 
The angle8 of the duct  center  line teated, however, did not cover a 

a l l  casoade blade angles and ~ e ~ m p  angles. The maxim m n q r e s e u r e  
recoveries  attainable for any angle of the duct  center line, there- 
fore, were not  aeoertainad. Test results are presented in figures = 
and 12, however, for three blade angle0 and the test angles of the 
duct center line that m e t  nearly represented those for mxirmun 
ram-pressure recovery. The results are given as the variation of 
rmweoovery  r a t i o  with  inlet-velocity r a t io  far ramp anglee of 
7.9O, 9.7Ot E.oO, and 13.0~ for the InJ-et with F u e l  ranrg 
(fig. U) and the inlet w i t h  curved divergent ramp W&UB (fig. E), 

sufficient establish the m a x i m  pl%68Ur86 available fbr 

. 



It is noted that changing ramp angle had a greater effect on 
the -pressure recoveries for the inlet with divergent mm-p walls, 
t h i s  result being similar t o  thst observed i n  referem 1, However, 
the decrease in rarn-pressure recovery a t  the higher ramp angles was 
considerably lese f o r  the aubmsrged ~ a s ~ a b  inlet than f o r  the 
submrged inlet without  the casaada. It is possible that the casoade 
had an  effect similar to a screen i n  a divergent  duct  (reference 4) 
a,nd reduced the tendency toward flaw sepwation on the ramp. . 
Further, increasing the ramp angle  should tend t o  decrease the angle 
of attack of the blades, Thie oould have resulted in  more efficient 
turning of the air by the blades and =tially offset the de=- 
mental effect  of increasing ramp angle found fo r  a submerged inlet 
without the cascade of airfoils. 

ComCLUDIlrcG REMARKB 

The results & th ie  prallminary investigation of submrged 
oascade in le t s  indicate sufficient p-omise t o  warrant more 
extensive  researoh. Rram considerations of ran+pTBssm recovery 
it was found that the a i r f o i l  cascade W&E especially promising f o r  . 
large amounts of turning and diffusion of the entering air. However, 
the ram-recowry ra t ios   f6r  these conditions were not a8 high as 
desirable. With further deVelopm3nt of this type of inlet and a 
study of the origin of the pressure losses it should be possible t o  
increase the ram-.pressure recovery. The submsrged inlet ut i l iz ing 
a cascade of a i r fo i l s  should then be  ati is factory for certain air- 
induction  installations where spce is a t  a premium and short 
internal  ducting is desirable. 

Analysis of the results  indicates the important ranges of the 
uariables  investigated. In general, it waa found that the sol idi ty  
r a t i o  f o r  mximum ram-pressure recovery increased with increasing 
angle of the duct  center line. Increasing the =le of the cascade 

obtained f o r  a given -le of the duct center line and  diffusion. 
-4n entranoe ramp having ourved divergent walls provided higher ram- 
p r e ~ s ~ r e  recoveries throughout the Important range of i n l eLmloc iQ  
ra t ios  than one ui th  pmllel walls. Ramp angle had a BPlEtller 
effect  on the -pressure recoveries f o r  the subnrsrged cascade 
inlet than it did f o r  a submrged inlet without the caacade. An 
entranoe ramp angle between 8O and loo appeared t o  be about optimum 
for the submerged cascade inlet from ran-pssure-recovery consider- 
ations. 

from 200 t o  4oo increased the mximm ram-press~re  recoveries 

- 
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A ram-reoovery r a t io  of 0.73 was obtained for an angle of' the 
duct  oenter line of bo and diffusicm af 4.23 t o  1.00 with  an 
in lekvelmi ty   ra t io  of 0.6. The inlet arra.ng0mn.t far this 
condi t ion had a casoadeaxis angle of ZOO, a sol idi ty   ra t io  af 1.0, 
a blade angle of 30°, an entranoe ramp with curved divergent walls, 
and a ramp angle of 9.5O. The test results indicated, however, 
that these conditions -re not necessarily optimum. 
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TABU I.- CASCADE-BLADE: COCEDINATES 

UPPER BURFACE 

0 
.7 
2.9 
6.4 
11.3 
17.2 
24.1 
31.8 
40.2 
49.1 
57.7 
66.6 
74.9 
82.8 
89.6 
95.4 
100.0 

JRDIHATE: 
6 CHO[BD 

0 
1.76 
3.67 
5.85 
8.21 

12.27 
13.68 

13 9 67 
12.23 
10.21 
7.70 
5- 07 
2.51 
0 

10.42 

14.41 
14.44 

J 

0 0 
.7 -. 56 

2-9 : -. 80 
6.4 -. 51 
11.3 1 9 30 
17.2 1.33 
24.1  2.56 
31.8 3.78 
40.2  4.83 
49.1  5.56 
57.7 5.85 
66.6 1 5.71 
74.9 5.06 
82.8  3.98 
89.6  2.64 

. 

95.4 1.17 
loo. 0 0 



solidity ra t io  (a) 

. . . .  . . . . . . . 

U 

2.0 
1.0 
0.66 

0.66 to 2.1 
1.0 
1.0 

0.66 to 2.1 
1.0 
1.0 
1.0 

0.66 to 2.c 

1.0 

. .  

B 

7.9 

7.9O 

10.6~ 

7. go 
9 . 5 O  
12.00 
13.00 

7.9O to 170 

7.9' t o  15' 

7.90 t o  1 9  

13-70 

7.9' to 15' 
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eo - Blade an@ 
,B - Ramp angle 
y - AM8 of &ct center  line 
+ - M e - a i s  w l e  

H p  I.- Symbok k-r Sutmerged caswde hI&. 
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Figure2.-  Mode/  insta//ation  and air-f/ow diogram for the  submerged 
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cascade M e t .  
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Figure 4.- Romp plan fmms jested. 
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Figurn 5.- Ghuructeristics of the fuseloge 
boundory /oyer at the //p station with 
the Me# removed. 
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figure 11.- The effect  of ramp angle m fhe variafbn  of ram- 
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