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NACA ACR No. LEG1B
M NATIONAL -ADVISORY COMMTTTEE FOR AERONAUTICS

. . ADVANCT CCIFILEY?TAL ATFORT

- DATA FOR DESIGY CF INTRAICE VANES "ROM TWO-~DIMENSIONAL .
P ) _ TESTS CF AIRFOILS IN CASCADE

' By Coerles M. Zlnrey and viola . Lappil

SUMMARY

g A3 a pari of a program o° the NACA directed toward
Increasing the efficiency of corpresrors end turbilnes, ‘
1 data were obtalined I'or application tc the design of |~
: entrance venes for axlal-flow ccipiresaors or turbines.
A series of blover-blade recticne with relstively high l
+ critical rreeds have been developed for turning air
\ efficlently fiom 0° to 80% startiam with an aiial Jdirec=- LI
tione Teste were wmode of five NACA €5-asrles blower .
' blades (ricdificd TACA 55(2£16)~010 airfolls) anc »f four
experimantelly cesiyred Llower blades in & stati-.ary
cascade at lov Mach nuwnbers, The turning eflec!i®veness ‘
and tte pressire distridutiona of these tlale sccilons at
various argles of attack werec cvalnuted over u ringe of
soliditcl’es near 1., Intrance-vane desipgn charts aro
preaented that glve a wlade scetlon end arple of attack
S for any desired turning angle. The blades thus cirtuined
PR oderate vith neelt-froe pressure distributions. oproxi-
) mate¢ critical Mach r.»pers were calculated from the
presgure dlgtxlbuticuz. '

Py

IITRODUCTIGON

. . Frevious invesatipations of airfoils in a cascade
(reference 1) have attempted to zirulats flow conditions -
through a rotor or & stator involving a presaure rize. R

. - The present investi;atinn hus beon rade to provide i
inforratlon coucerning the flow thrcugh entrance vanes
invelving a pressure drop. A rressure rise from the
lecding edge to the tralling edges 1s azaompanied by a
reduction of velocity relatlve to the »nlaces, whevens a
pressure drop la acconpanied by an ircicace in wiocity
relative, to the blades. The object of entrauce-vane




2 v CONFTIDENTIAL 'NACA ACR Yo, L5G1E v
design 1s to turn the initial alr throuch a specified . l

angle with a minimum of losres. It seeme likely that
critical speeds could be increased and boundary-layer
losses decrcazed by eliminat!ing veloclty peaks; terts
were consecquently riade Jor two serles of blades to
obtain a range of turning ansle for a riven hlade scetion
while maintalning a prescure distribution without pcaks.
The tests were made In a two-dimensiosnal low-speed
cascade tunnel at the Langley Yemorial Aeronautical
Laboratory and are a part of the HNACA progrem to increacze
the effliciency of compressora and turbines. The purpose
of the investifation was to develop ecfricient blades
operating at ¢ stagger that would turn the alr thrcough
angles from 0° to 8O-,

SYMBOLS. ' - o
_ . : . ' A
‘ c angle of attack, the angle between the initial :
_alr and the chord line of the blower blade :
84 - desiph angle of attack of blawer blade in cascade ’
q lacal Awnamic prescsure ‘
Ch dynamic pressurs of initial air
an drramic pressure 5f air behing the hlades
y + /165 co= 9
Qq mean. dynamic preg.sure {ql + 92 4V§1QQ °2 )
V,  velccity of iritisl alr
V2 veloecity of alr behind the hlacdes
Vo mean veloelty of air ( % vector sum of V; and V;) .
L ke . .

av voetor alfference »f velocitien {Vl -'VB)
. py  ialtlal static pressure

pg etatic presture wehind the bladss, equal to
&tmospheric preessure

P2g theoretical =static presrure behind the blades

COrFIDENTIAL




MACL ACR No. L5G18 CONFTIDENTIALL o]
Ap vreszure dArop across cascade  (po - p,)
[} enlidtty, ratio of chord t2 rep

srfle throurck which alr is turned by blades

[ chord

Cia theoretical cdea'pn 11ft enef{icicnt of blade in
* free air

B stegrer, ancle betreen rerrerdicular to carzecade

and entering uvir

critical

Moy sack nuber, rslpoca= MNach rusher at which
the veloaelty of sourd e reanhed on tre bklade

Al s Srorfa=sectlonal avea oy iniilal wIr otrean

52 area nf alr s~trocam 3eliind Hlsdes

x chordrize dirtunce fonrn lead’rns ecge

v vertical distarce fram chird

APPAYAITS AllD TLST P .-.:I.'.""LP..

The two-dimenslonnl lowe=eneen caccade Lunnel
deserihed in rcfeve;ce 1 haz teer rebuilt to permit
variation of the ztapmer anle aud alao of t“e a~lidity.

This charpe wue made naselble by ¢ d 121le aith
remcvaile clircular plates that o
the proecent testz, the c#s: £ tarnel
fleé Ly elimlretinc tin boundury-layer contir:
on the walls; however, r:al‘ ~ana, which scrved
bourdary=layer slots da the Flaspr, tiere lett hotu
the top ené hottom tladers of Lle 2micadZe and tre loors.
A vertlcal cross sectinig of ile wprarauns in rehz-
matically siown In firare ).

Two familiers »f blover btleies vwers investlirsated.
For low turnlrge an;les, the MAf4 Clezerlen hlower-blade
ectiona were rsed vhereas for turin~ arsles gecater
than 20° a cserles of experinentally dearived blouwer hlades
war uged. The Nita GE-series blovcr-wlade sectlons (UiCA

SOFFIDENTIAL




CONFIDENTDILAL HACA A3W Lol LOGLD

6‘(216)-010 airrnils with a thiecl
cambered for 1ift coeffleclimuts 1
and l.o verv teateq at s>liditina

: 1

fru!l'rr rdyn)

1.0, Trieas theoretic:l

for tanlatsd prifiler In froe sin.

ohtalalry the ardinater of Liluds

same o thleimess and vorris-

refepe..ce 2, The ordinntea for

terted are «jven frn taklen Jrsna

these Lladar areg chiown In Jilov Z LR A e ta sonform
with orevisug wars (: =renee 1) Loanlirrd ol odrched

" . 1 5
war uncd. The sparn, : B acreaced L “3 ineheas

becauvae cf the g1ic-hilr LV' Stnall sl h naancde
of five blawer hluadee ian { 1 : a

Tean lines trhet gins
free pressore dloiridpubtisns
Caccada testr of [lexin -
mately C.d and 1.% were
ahopes. There plates
sure dittrio-tisn withut pe
theze terts, o
1nes Topr Dludos
fror Z0° ta 8¢, h
(deslirnted A, B, C,
sectisns wepre ue@i{rﬁu

with the variova neen 1
For tue YASL 64(2 1’)-u
tralllng cdTe was uncd.
than t¥e YASa EL-zerlas
WaCh £i-smerlec santion 'Lve
curvature on tke lover q!ﬂta’e.
with a =een 112 diyen
{reference 2), u :
ratnry
] ~taticu
pﬂrpcrd.c ar to the
ordinatns faxy the dep
an11ditlas of
taLles ¥IT to

It wae arsume? thet
was parallel to the tuunc-
pranehros were measnred hy totoleicud
and celling of the tuniel aad a row »>7 w Loty hmure

COFFIDENTIAL
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orifices lozated % chord length ahead of the blades

(fig. 1). In 811" test~ the central blude wan equinred
with prezsurc=Gistribulion orifines.

The angle tharough vhich the air was turncd by
2 .
the tlades was measured approximately £ chord lenrcth
[
bcehind tlie blades. Msazuraments were ~kde !
cylindeienl yew tube provided with o fixed uriz., “he
tube wnas % ineh in cianeter with two z2tatle-rressure
orifices at an insluded rn~ie of £G°, The arrle oi’ the
arm with respect to the nir, vhen roth turss read equal
pressures, vaz fHund by callhratior, 'The "null" rethod
of teking mearurements wvar uned; Shat iz, the orm was
adjucted =o that the [T A 1 the two oriflcees
were conrected read tne rame and then the anrie at which
the arm wasa ~et v irelinometer (2n angle
measuring device). An averare ins angle was obtained
4 by surveying the & g vhe central tla?g. The

R AL LA 3
experluental aceuracy o1 the turnlng earles weor

. turning sngries up oo ahont A6V deereacad to
angles frcm atout GO° o £0°. Trome tests were
over a run<2 of Re;ncldés numbers Jrom 105,00 to &F

RESULEIS A7% DT3OUSSTON

The blade characteristics are Lazed on "rmean air®

condaltlsng as In refersince 1. The rean velaclty Va,
(fig. 5{a)) 12 therefcre ussd az a basils for dete

the rean dynanile pres The prersure o«
frr trhe Jdifferent %1o we at vari:
for eacn goclidity nre shovm in fix
“quantlty plotied lg the local Cynu
. by 8¢, The accuracy nl :
the thlc!): btoundery isyer alon- the
of measurinz the exirance veloseitsr

ALy

]

7 >f avtecek
The
q Jivided
Impairec by
difflculty

LI I & Py

angles. The k-wndary laver, which ros at tlies % inch

thick, was dus to the len-th of tnmnsl walls whead

CONFIDEATIAL
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of tre tlades end tre interference of tre “lcde attanne
mente. Migh erpgler of nttack thraitled the tumn

henee, tre velocliyr of *he alzr 4. oo f the ¢

wes rainced acrsldacradl;.  Sines the ahsnlute

pregruce reasuremauts 1y conntunt, & coneld.rod
reduction In measured inltlial aynumie press.are o

the errusr In miniae the vean Tyn

tnoets, cher e, do Mot slyve Flo owect

the blues

sclecet nies

Tie thesrellinnl pre-ceve ¢ :
bludes, if no coarey lorses wnd irermpressible Slov ave
assured, cen re calculated [ s followlnm exuation
(referznce 1) proviced the bwpinor anfle s nowng

AP g .
rrg

For p = 0° (f1p. B(V)),

Lre st ure Arnyp AD/ql

It may bo rated that In Slhe au e oF the cxe
derived vlovzr LLludne for Fi-% turaivye socles (£20a
end L7) the theareti etat ie - urs heking the
blales ., St the o ) ortatlie W Cenla” the
blades 2
ef ~ictie
fleares o . 2 2 i
found try nddins the theo tizul rrecoer - v tha
Iinit'ual stutic presr-ire The - inr was ecanurod
by shrottling o tis voaeel son tho apactevistion of
tre equatti n urid L Aestate i A VEry eruil .
dlaeyepsney In tle lu.re burrioe o £ opave & ovely large
change in tle calculnied mycgmiue am™ {3ce Filp. &ild)
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Far each tlade zection, the rence of anrle of
attack that goave pregsure dietribntisne without
undesirable pealze was Trund, In the case of the
R\CA 65-rerlers blaces, tle angle of attuck thet ave
e maklinom turning annle wlth a Tlat ‘rescqre distri-
butlon wer selexten asz ithe feripm econditicsn for a
Fiven solldity. Thls angle ic labeled as deripgn angle
of attack In rifases 3 te 20. Por tha cxpSﬂlrentully
deslioned seatbiong, & runce of deelgn an-lae a6 attuck
wees selected from the acsirable pressure alstributions
at the higher sollcities (fips. 22, 24, £6, and 27).
These twe scriee of Llower<hlisde sectlons, with rela-
tively kigh eriticsl speeds, will eflficliently turn ailr
fizwing in an axlal divection from C° to £2°.

it !9 meen Trow the pregssure alatributlons at the
lower solidlties (fivs, &1, 23, and 25) that the exit
velocitfes ure very —mueh lowtr than the maximun locel
velocitlea on the top =nrface. These blads rections
are thereforre not vechumended for insiallationg in
which Yigh cxit ‘el ~arbevs uars encrunlered., The
turnings 'wr ¢g8 for varlcus urrles of altaes are zhcwn
i fivuares £2 to 78 axd the tuvratur anpgles unt recom-
nended ere indlcated L ¢ached lines, Within the
rangeé of c3liditice teated, the carcude of blades shows

chsracterfistics of the infinlte soligity caze aﬂ% % 1.

The <ata of the YACA BB«gerles tlades irndlcate

that Iar low ce3ign caphers (cle 0.1 and 0.2}, the
deglisn an*lc of stiack depenca 1 ttle, 1f auy, upor
sn‘idi‘" > the man~e of s:lld ©eavered -n the present
teste, For the 1‘-rﬂr-canooﬂed cectlms C1g = C.4, C.8,
and 1.2), the anc~le 3F otk fHyre optloauwm o"Lrnt*or is
.essenbially indep:rdeqf =7 soldidity far the range from
0,82 to 1.00 tut v-th & increaze ﬁf « ]jdity ta 1.80
thn optimun ~rerat ie Trece reslts
are exnectad b guiire Doy Lo ear re L 1n:r<asg In
gnlldlfy srod little & of turnint argle ard,
bhcrefnre, e diyecton :; rean Flow g zinped
lichtly. Xor nl carmters, &an inerzace >F ncolida
inereates ti.e tarning ag 19 vpurecladlyys Tufz lncreaced
turning angie ohe > the mean Mlow 20 £e ho dearrage
the axprle >r attuc} 2 trke hludes relatlivs u: the rean
Tlcw; this, Ier tle “¥phecarter DIedesz, e argle of
ftinex for aptirrr: sueratioson must e juercarsed with an
Inereaze of eolidity.

CONFIDLITIAL
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At the low solldlty of 0.E3, f}e date 1rd1rafa
that the chanre of tvralus an'le with argle of
1n greaier for the LASA CE-{71)1) tlede than >
lowep-cantered blades in this s2rles. Wke vecnom “or
thig diflerence is rot known, elthiwe thls biph-goomber
blode mny gctunlly be =ore efficlent ut tre =
of 0.88 ur the diffcreice may ke dne to e
errol, :

The M&aZa 6E-110 b]ucta Laive preggaee pautia an the
none for sll an-l T oatioeiny theretfnre, the use of
tiaese bludss oy N et marhel a hﬁuln t
ahle, Thre
prorrure <
tlute, norxe;
turning rle
atteek ranss

Exun*natLoh »olke preenvat Gfetrivetio
experimantially desirned vlede ous that tas rl
operated throvyh a wide jnnpe ol aa~is af atinck
penlt=frey preroure dircributiors,  "he Slut plate
used to uwerive t Medn- : 2 af there
hnd & vary =narroy o erab? Fe neeture of
leaalnr edre,
Lpproximate ceritical foica nuererse

obtalned by uze of the von Faran-'sien egun
(reference 3). The value of q/q, for calenlating
thae eritifecal *Mieh murber woe o n from tie :.q;rn
Clatrlbuticns icr
in tke derign .
Indlested, tion vu’wv ol
peak=Ireu rreTsure d’***""t.ov '“n . 5 q/.w,
in a.ch cnre, unn vroam o cltie ; ~65 Yalue
of thie pror-ur
gt tre

Iatsrfer
crih-nal B T
is n~w ?ﬂ:ﬁﬂbl“ iralnaied : tim "1k e an- r,ui»_
ratton to tle . AV i : ;

xp:cucc
r ur‘+4¢al Lanh pamier then the b145~: Jl*h
alne anprlce,

ILENTILL
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APFLIG CATTON OF RESUITS 10 “”“?AN"u-VA“E LTESICN

The data sbtalned rre vrescated in flimwes J2
and 33 In furns Intended to peralt tarkine opnd
sorpr2zacor deslruers reedlly to -clect entrurge vansa
(ertering air assnmed to be floalrr avislly) for &
specific maichins: Two dlestinet decticn prosecdurse
are preﬂen‘ﬂu. ? 8 in the e1ie AP the Imver tumnaang
anzles (K207), thn D FEuncrinn Tlaveretlude rectlsns
can he rhc‘mvcndud. ﬁhe carter o arng'le af attuck
to be ured to dbuotin u spoetited vara'ns nanle with a
pesk=lree prcs:urc d1"111 uhtisn ecor ve fMuad fron
figure 22, Inle de tapl dhee et cnnteln diata
for tarning urrlﬂ= lens tinn whout 47, Ll thege eneles
can be obtained ‘*1c.,10 [ron: the Lursnin: angle cnd
rresaure~diatrib.tlon etrorte Ty &;~‘?czu on ol the
desien clraprt may e ll_LsterLd a3 [ollowe:  Sapuoce
1t 12 desired t> turn ~ir ylowin:- E" an axinl directlon 20°
by v3s of a yow of blader Lhoa ead Ldity o8 1,38, Refer-
ence to firure 33 -~hows t a hlewer blede camurred for
8 11ft coefficlent of (.88 1z Indiented snd thet it ehould
bo opersled at ai ancle of altzeir of 17.67. The reotnod
nf desirning ruen & hl&de ? o plean In 3eforence &, I
gome chole2 s ave'labl . = omaliatby L) ve used, 1t
1e posnible to avaid n. r-u*u*iow* by adjusting the solldity
until fipure 23 tridleat.s tiart a ¥lawer blade af ctandurd
camber could te used.

In order to derimmn entwi rce vanes for Ltvrnins alre
through anrles creater tran O, fli-ume T2 ecan he ueged,
Four entrance~vanc sections have been develsned that, !f
used st the appronriate salidlty snd ancle ol attuck,
cover the. turningeensle ranee cf 202 s 202, The rolld
lires represcnt repinsas In wiileh 1keszn bladus bave pea-
free gresrsure distribati-na; thar, fov exasle, 1T 16 da
decirasd to turr ulr efflclently tnrov-h E2¥, 1t eruld he
de éither with & cssonde o7 ala € )‘G “il.le ~cetionsa
at an angle of atires of 22T and Lalty o8 J.40
or with & cancade of TiaCh ) S la e rentt op« r.t. an

OONOTINTNNS
GLLSLUD 2

Dats have veen obtuined I'rom frzhs made gon Tlve
NACA 65«-series blower-blnde ﬂec.huﬂ: and four exporie
meutally derived hlover<tlade sentisng and are nreaented

CONFIDEATTAL




10 CONFIDENTTIAL NACA ACR No. 15018

in the rorm or deslon charts for entrance vanes for
axial={low COLPr3ss0rs or turhiney, These design
charts rive B tlade sesiian ard angle of ateaek for

any degireg turning angle. ‘ike bledegs thus obtairned
opcrate with peak-free Pressvre dlstributiong, These
two semies o blower-hlece sectlons, with roletively
hirhk eritical spaecs, will efficicntly tupn air flowing
in an arial direction from 0Of to 80°,

Langley lMemorial aeronantinagl Iaboratory
National Advisory Comnittes for Aeronauties
Langley Field, va.
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NACA ACR ¥o. L5618 CONFIDENTIAL
TABLE I
"URDIVATIS FOR HACA 65-110 BLOWER ELADE

[Derived from HAJL 65(21€) =110 afrfs1il combined with
¥ = 0.0C1Ex; statlors anc ordinates in perceut of chord]

e e e e e -1

Lower surface

TS Ty

e it et et e e a b e — i

pper suriace

o)
»468
.715

1.211

2.484

1,943

7.446

2.5846

14.948
19.983
24.962
22.057
34.975
39.684
44.592
50.000
£6,007
60,013

3¢.011
7G.C20
7E.G21

GE.OLY
90.013
98,008
100.006

£0,020

T LU S

O
776
924

1.177

1.652

2,370

2,920

2.269

4.00%

4.516

£.01a

£.710
£.497

5,893

E.8Y7

5. 128

£.118

4.14g
3.524
2.399
2.248
1.587
1.007

512

.150

4,387

0
832

. 788
1,283
2.816
5,052
7.854

10.054
15.082
20,047
28,040
30.033
30.035
40,017
25,003
0,000
564,393
52,987
A4, 932
69,930
74,976
79.3230
£4.925
&0,937
94,992
99,931

0
-."726
-.354
-1.0869
-1.477
~2,063
-2.496
-2.853
-3.410
-3.620
-4.122
-4,328
-4.4€7
-4.821
-1,481
-4.218
=-4.022
-3.8156
-3.112
-2.882
-2.003
=1.449
~.515
-.421
-.196
-.150

L.E, radius: 0.668

NLPTONAL ADVISORY
COMMITTEE FOR ABRCJAUTICS

CONFILE"PTAL




CONFIDENTIAL NACA ACR No. LSG18
TLBLE TT
CRDINATES POR NACA €£-210 BLOWER BLALDE

{Derived from MNAGA 60 (215)-210 airlsil eomklinad with
¥ = 0.0016x; statlons ané aréinates in pereent 3£ ehard)

‘Jpper surtace i Lower =urfuace

X ¥

0
-, €99
-.217
~1.014
-1.%02
-1.904
.20

=5.892

(=]

v]

e Al7
,681
J.17%
2.409
4.596
T.292
9.891
14,897 .
19,907
£4.320
£9.935
24.931
26,957
44,992
§0.000
LELO18
€G.027
65.056
70,042
©5.047
£0.241
GE . 035
$0.026
05,017

100.913

.
300w -2

SRR E R RLT T D

-1
&.

P u 06 e D et =
WROOHIN BN

.
=

eI IR

Pl RS e Ret R nNd) Y

0.5666

FLTTOANI ADVISORY
COMMTITER I'"GR AURCIAUTICS

COVFIDETTTAL




NACA ACR No. 15G18 CONFIDENTIAL
TaPLE I1I
ORDINATES FOR IACA 585-410 SLOWER BLADE

[Derlved frem NACA 55(£16)-410 ~irlnil corrined =ith
"y = 0.9015x; statiuns and asrdinates In percent of choed]
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CONFTDENTTAL MACA ACR No. 15018
TABIE IV
ORDTINATES FOR HACA 65-P10 BICGWER BLADE

[Derivea from NACA 65{216) -810 airfs11 combired with
¥ = 0.00i8x; statiors aud ordtuetes in percent of ckord]

Tprer surface
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e e ]
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+2680
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NACA ACR I'o. LBG1S - CONFIDEITIAL
TABLE V
ORDINATE3 FCR WACA 65-(12)10 BLOWER BTLADE

[Derived from FACA €5(21C)-(12)10 2irfoil cowbined with
¥ = C.001Ex; statirrs and ordinaces ia percent of chord]

Upnor sufeace Lower surface
Iy

% y b N4

0 0 o L¢]
J1E1 L5971 J£29 -371
274 1.2:7 1.126 -, 387
LE17 1.£%9 l.623 -.595

1.931 2,598 3,019 -. 367

4.399% 1,088 2,601 - 242

€.,868 &.178 8,13 =-,0uC

9.25 6,147 10.639 . 057

14,238 7.%4 1£.612 242
19.477 A,4E3 20.553 504
24.523 2.215 25.477 .B25
29,611 10,740 20.389 1.0E4
34.706 11.153 ZE.294 1.207
S9.804 11,479 40,196 1.2%2
44,904 11..£28 45,096 1.042
50,000 11.483 50.000 1.748
55,087 11.1Z%9 £4,913 2.0C1
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. CONPIDENTIAT, NACA ACH Ho. LEM1S
DABLE VI )
EXPERIMENTATLY DERIVED MEAY TINES .
[Stations ard osrdinatas 12 perzent >f chordl '
. e e rm.,fm__ﬁ-,“_m“NFWde.,_mr_“_-“HMh"
x o A : 3 c i D '
0 0 : 0
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. 20 7.95 1 i
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¢ s £.8% e :
T2 2,17 156
40 ’ 0.23 12,10 1% !
45 ’ 9.25 12,06 1 i
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3 9.50 11.4¢ 1 i
€0 e.nn 1
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NACA ACR No. 15G18 CONFIDENTIAL
TABLE VII
ORDIMATLS FOK NACL 64-(A)06 BLOWLR LBLADE

[3tationa and ordinates ir prreent o chord]

. —— . 8 b Ao T e e+ e e e+ —— ¢ w1 & i et o m—
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CONFIDSNTIAL, MACA ACR No. 15G18
TaBLE VIII
ORDINATES 'oR wACA 54-(B)06 BLOFER BLADE

[Stetions ang ordirates in pcreent cf chord]
—— S
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NACA ACR Yo, 15618 CONFY DE'ITTAL
TABLE Ix
ORDINATES FOR W4 64-(C)og BLOWER BLADE

fstatians and ordinates in percent of chard]

H -
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— e _ e —————
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TABLE X
ORDINATES FOR NACA 61a-( D) 06 BLOWER BLADE

{3tatlisns and ordinates in nercent

ot —— e
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NACA ACR Wo. 15013

APPROXIMATE CHITICAL MACH NUMBERS BASED

CONFIDENTIAL - 21
TABLE XI

NACA Llower
blade section

Snlidity

ON MEAN VELOCITIES

65-110
65-110
5-110
65-210
65~210
65-210
65-410
€65~-410
65~410
65-610
65~-810
65-810
65-(12)10
65-(12) 1C
65~-(12)10
61-(A4) 08
64-(4)06
64-(B) 06
64~ (B)ne
64~-(C)06
64-(C)0¢
64-(D) 06

0.88
1.00
.1.50
.88
1.00
1.50
.88
1.00
1.50
.83
1.00
1.50
.88
1.00
1.5
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1.165
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1.435
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1.337
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Figure 2.- NACA 65-series blower-blade sections,
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Pigure 3.. Mean lines obtained from tests of flexible
plates in cascade,
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Plgure ),- lxpu-imentany designed blower-blade sections,
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(d) Plow through a cascade of airfolls at 00 stagger.

Pigure 5.~ Diagrams of flow through a eascade.
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Flgure 7.- Soction pressure distributicns for NACA 65-110 hlowsr blade;
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Pigwre 8.- Seotion prassure distributions for RNACA 65-110 blower blades
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Plgure 12.- Section pressurc dlstributions for lucA 65-&10 blowor blades
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Fig. 24 cone. C . NACA ACR No, L6G1s
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NACA ACR No. L5G18 Fig. 28
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