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NATIONAL ADVIS OR Y COMMITTEE FOR AERONAUTICS 

ADVA~CE rtESTR I CTED REPORT 

TEST OF A DUAL - ROTATIOll AXIAL-FLOW FA~ 

By E. 5arton Bell and Lucas J. DeKoster 

A dua l-r ota tiou axial -fl ow fan composed of two 
oppositely ro tat i ng 24 - blu~ rotors ta s bu ilt and tested. 
The outsid e diameter Wa S 21 inches _nd the hub diameter 
was 14~ inches. T~ e fan ~a s tested ~ith various cocbina­
ti ons o~ i ront 2nd rear bl ade rngles and with two combina­
ti ons of f ro t ~nd rea r solidities . Pre ssu re and tor que 
coeffici en t s and eff iciency we re determined pnd are pre ­
sente d as functions of a quan tty coefficient . 

I n order to have th o torque co ef fici ents of the f ront 
and rear rot o rs remain nearly equal over th e operating range 
with fix ed blade a~gles , it ~ as neccssar~ to reduce the ~um ­

ber of blade s in the re ~ r rotor t o ~ne -hclf t he n umbe r of 
blad es i n the fr nt rotor . I ore t ~an tfice as much pressure 
ri se las obt~ined i ro m t j e dual - ro ta tio ~ fan as from a pre ­
viously t es t ed sin gle- st~~e f~n without contravanes . The 
maxi mum efficiency of t ~a dual-rotation fan was s li gh tl y 
l o,re r t llAn the e i'iciency of a s i :.1gl e-st a..:!'e fan 1,'Ji th contra­
van e s a nd h i gher than t_e max i mum efficiency of a single ­
st a ~ e faL wit ~o ut contr a a n e s . 

DJTROJ1.jCTI,):~ 

Previ ous NAJA t es ts of axi al-flo 1 f~ns reported in 
r eferenc 8F 1 ~nd ~ vera restri ted to a s i ngle - stpgo f~n 
op e r a t ed Wi0~ and wi th ut c Jntravnne s . Rofaronco 1 for a 
sin g le - stage faa '"!ith 24 bI n es il1dic ,~t0d t~l'\.t h i .ghe r pros ­
sur e s ~~re obt~in~blJ with t hnn without con t r n v anes . Re fer ­
ence 2 indic a ted t ha t ncl much incre ase in p~essure could be 
expected from an increase in the solidity abo ve t he v alue 
of 0 . 86 for 24 bll'\. es . In o r d er to get pres s ures appreciably 
hi ghe r t 'an tho ~ e obtainable with a fan such as ras used in 
reference 1 , it is the" efore necessary to u s e more than one 
stage . A s im p l e multistage ar r ancement involves t he use of 
two rotors turning in OIPosite directions. Such a fan has 
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cee~ built a~d tested by the p~opel:er - research sect io n . 
~~e prograw i aclu1ed test~ fit~ vDrlous cOMbinat i ons of 
fro!lt 8'ld rea~ blade ansle a.nd \'r it ~ t ... ro combin :!. tions of 
fro ut nn~ rear soli~ i ty . 

Th9 dual - rotati on f3n was com2osed o~ two sim i lar 
sL1r>:le - rotetioll fans mO·'lilted. '.lith '~lH; il' C'otor ands '~(\ be thGr . 

The spa~ing b~tweel the c0nter li nes of ~he blades in the 
f:..'o·.t. a'l".. the j~ear h'l bs ·'<.i.S 3A i nc~les, ~~j'e )u·cs i ..:1.e d i o.;n -

~~ ., 
et,":..' 'rl. i,:le ~ll"O diA:~.eter were::l Llc:·.e3 fl'~ -,.4.~ Llches, 
reqJ':~c'~iJ'~l{J ~.1 ol';:<er GO rr.3.i.::-. t:,9~P 1": .. 1" L'-;',c_,h'3.1;f2 'Jl . .) 
l,f i ".1 t 11..:. f 8' 0 :';, 3 f () r e n .~ ,3 1. r:!:. e ,.; rHi L' r d 'j . 2.:" c'· .r! ~ .).f e 1 "'.; of 
t :1,) f 8! ,1.j!, I" " t ::) L -' ,,) j.:- s 11 0 "f! i il i i ; c. .• e s 1 JJ 0 .3. ::l n '3 

bl~~es of H.A i , 0 0(~t(~ used i~ ncj ~otor w~re ali~3 
e~{c pt ~:.' Ht '~.-:;;,r '-" ;)'~ 0 ~ CP1)0s ite !18.nd. . Th.., ~)J.E'd,3.s in ~ho 

rep,r rot JY' "."-' .. ' t'l b 'I.,1S 'cl';:(~ i , ~})e f'an 0"" re1Cr,~l1C'J 1 . 
E e. C j _ 11 U 1),' [-i. i ':" ~ :: J, f 0: ~ ,.;, i:>._ l.. L :;; • :? ::J:' ,) -; [" r l~ i C' :1 1'1:'.. t h 1':'; 

tLl,(L'~S, "r:c--::(c - 1 V1J ·Ji..i'\.(:2 '.' ;"c'o r.,r:IGv;'l iro I c. 2 ~~tlau.o 
rotrH ald th) . .:.1;;, 1!/D~', :"ill.A ... ·[i~·l st,)ol pll'-t;s, "!hi c h 
g.'). -e SlL'f. C08 11.1':'. \"it t ~1C i.:'11.b . 

P ;), . (' r 1 .• [ f1. :; :: u ':: _ ) 1 i e: t T; e ". C :. r) t; 0 ;.- 'u : r a 2 "i --- .b 0 r ., ,:1.) v! ') .. 
t!1ree- 'p'l':~f:e ~lter·1~,-:-i:J..::-curre:1t il1'uctioll mo:'or . Tl:ese 
mot 0 r s .' ere S 1;. ~:. pi i e d fro Lac PI m 0 n .. 0 U __ c n c'! i ~ i I a 1 (; ern 2 tin f 
current of vd.:riablp. fr':3 rp .. enc',' . A ·,·'pter rheo,e)"at . or e03.cl1 
phi':<..fJe 0; t~.5.3 veri:·b l e - +'l·e.qu"ncy :n~_~)p l ~r "'as conne 'ced 1:1 
SAl' i e S 'I it:1 ;3 ~ c:-. l'1 0 to l ' • C' C! e vo l t :'.. . e d r 01) a (! r 0 ~ G t'l e ill 0 to r S 

c ould be inde~ende_t ly vari~~ 'y vnr~ i u~ the resiFt?nc~ of 
t!lese r heost;,ts ; t~:is l.rr1:\!lGu;,ent~ave a small amourlt of 
d i ff ere n t i a 1 s p e .3 d. cot r 0 1 • r:;:> 11 e L' 0 11 t Til 0 tor IT 0. S air co ole d 
and tI1 e rear "otor -"as "la,tor cool Jd . 

T:1 G motors "ere su)portGo_ i n,ide tilL s'G :...::1 ::.r: .. ·.1 c2..sing 
0 :1 four radial st.~amIi~c st~uts . ~he ~truts sup~ort i ~g 
t~G f o,t moto r Wlro ~rl11e1 :or st~tic orifices !or m3~sur­
in~ t he pressur~ ~o bo Uf J& to d0 t~rmin ~ qU~lltity of n ir flow . 
All e 1 0ctr ical ::: o:mcctionr to -;;h0 ; .. otJ:''; '..,r<3T0 c2.r ri0d th l'OUg_l 
tha S tTutS . ~lHl fi1.!i c. sin,; -'-;1.8 J11·',ch i no - fL.'lish cL on the in -
side to B dinmut3r of 21 i n ch ~s . At tje 10 at i on of tho 
r o t 0 r s t ho r::' i i1.TJ1 Q t Q 2' ""., S r 01 i L:." ,;1 d. t J r' Ii i o' mot ,'" r 0 f 211\ 
inc .1 e S , 'I :1 i c II g <:1. ".' 0 1 / ;) 8 - inc h c 1 :) L r n. ~1 c ~ .:t t t 11 0 tip s 0 f the 
b l ades . 

~'1 t. t 'lOp a l ' t s 0 f t:. e 1":1 u.l t i , t ." r G f, -. n '.1 e r;) b 01 t 0 d :.'.. n d 
dowelci to~nth3r ~nd ~ount.d on ~ sto01 f r a~a . rhis frame 



L 

was supp ort ed on four roll ors , wh ich rested on harden od 
and g round s t ee l t r a cks . Th e fr a me was r ·Js tr a in e d from 
r ollin g for - and - af t by a thrust wir e , on e end 0: which 
was carr i ed ov ~ r a p ulley to a dial b~lance . Th~ o t he r 
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V cnd w~s conn e ct ed to count8rwei g~ ts through 0 bo ll cr nnk . 
~ Th e entrance bell and ex i t cones were separately supp orte d 
~ fre a of t he fan . A c~linder having t ~e diameter of the 

hub ~as extended upstream bey on d the pressure field o~ t he 
e n tr a nce . The flo~ t h rough the test sectio n was t heref or e 
confined between th e cylind r ical hub f airin g a nd the cylin ­
drical outer casing. 

A dif fuser extended downstream of the fan. At the 
outl e t of the d i ffuser a va ri ab l e ra Gtric t ion consistin g 
of a numb e r of ov e rlappin~ movabl o st r eam li ne s lats con­
troll ed t ~e pressu r e ri s8 through t he fan . T~e air was 
exhausted through t ~ i B r os tricti o n i n t o a muffle r. 

ME THOD OF TESTING 

Pr eced i n~ t he a ctual t ~ sts of tho fan , the torque 
out put of oac h mo t or was ca li brated wi t h a Prany brake 
aga i ns t :at t mo t c r an~ voltm e t er roaJthfs . Th e elect~jc 

t a c 010 nl 0 t ,:; T s ,on 0 0 n e " c h u () tOT I W e r 0 cal i 1 r c. t \3<:::0 D g a in f' t 
co ~m ~ rciaJ 60 - cycl o Alt e~n; tin ~ curr~nt . Ths tacho~otor 
c a li b r ~t i ons wore c ~e ckel a t v~ljO~ q tim es d ur ing t~n tJst ­
in g . Th~ prer-;s lYe o~ ifh:ns fo'" cet'3rm ini ll

J 
q'HLn t ity of a ir 

fl o'.·[ i'nm'?d:'e.t.:31~· a'lec.:d. :)f t r..e :rcnt reto:: 1; ere cali'b~ated 

by ~u~~ i a~ tna fan i~ saries with a previously calibr eted 
ve nt 1' i. 

As i n references 1 an~ 2 , t~e ~ressure ri se ac r oss 
t he fF'n 'HiS a<;s11 merl to l:>e t .oL'a t"'l rll st on t.le e ffective d is k 
are a d i v~dci by th~ ef f a c ~ i vJ ~isk a r ea . The thruot on the 
dis ~: a re :;, ' a sol tal n t.. cl E T ~ m 0 q::' a f ... c e Clll d c '1 u n t. a '. '.J e is" t rea d -
i n1~ C J~:pct~d lo r ~he f~rce ~uc t, t~e prOSJu~e in~ide t he 
hub ciffu~~r e r ne. Fer cOLi i~icns i~ w~ic~ ~c~ t~riU0S on 
t h~ :Y'O~lt aLl the r ._E'r rJtcrs a.le u.ncC'~ud.J, Ll!" I'~;:lC:;~ I' re coef ­
fici ent" lhE'Y I)" sO"1","hat pffact,Ld J:' the rear - lllotor supp ort ':' 
i :15 stru ... · s . :Sor uneC;oual - t:Jr1uoc cJn -1. iti o:'ls , t:lere l il l bo 
t ~ict i n tt3 ~ ir bahind the r0a r £'It'lr R~d ahuBd of th3s0 
s tr·0.ts . Th i !3 t,,/ist '.-.rill prod'lce lil't ald c. r "lg on t ~G struts . 
Wie~ ~er ~tere is q )os iti ve p=essure or negat ive pressure 
c O~~C:lelt t o t ~ e resulta: t of this lif t -a d-dr ag force de­
pe hds OD t~e nagn it ude ~f t ~e twisc in the aiT. For no 
t wi~ t ( e~ual torque ) t here i s on ly drag on thes·e struts and 
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the pressures Rre conservative . UnJer most test c ) nditi~ns 

t~i s effect will be um~ ll and has therefore be8n ne g lectod 
in the C'aJ.culatiJns of t~ :. e p r essure coefficients . 

T h:;:, e e s e r i e S O:L t e '3 t c::: 1 e r 8 mad e • On e s e !' i esc 0 n s i s t '3 d 
of a number of te sts li t h th~ blade angles in t~e front r tor 
var~'ing in 50 i I'..c rement:; fro;Jl 15 0 to 50 0 and. t he l)L~ de an <: les 
in the rea r rotor 80 adJust oJ that ths re~r rotor wou l d a~sor~ 
a~~roximately the same torque as tl e front rotor at maximum 
pressure . Twenty - ~our blades were used in each rotor during 
th]se tests . Another se ri e s of te s ts was made 1ith the fronb 
RId rear blade angles equa l but with 24 b lades in the front 
rotor ~nd 12 blades in the r . ar rotor . This rotor arrnn c e -
m G 11 t i s s h 0 l!in i n f i ::- 1;,~- (} 4- . A t :1 i l' C. s:; r i e s "r a ;., m a ;l e wit h 1 2 
b 1 ad e 8 i n t l1i.) r 0 a. :c 0 tor 8 0 E" d j U 3 t <.3 d t i-.t a t t ]1 '-' t 0 2' (1 u eat m a x i -
mum prassuro ifas th o sa~c aa that of tho front rotor ~ith 
34 bl ~1.d(;s. 

Th.<.3 pr0ssu- 'J ~n d t ,('1 qll;'n"G l"G ~:' of <_J.~' "/ore vai.'i ed dur in g 
oRch test by :.·'djustinE;, thc) ,lp ts i n t 18 vari ,bIe restriction . 
The folloltJL1 ~ o~s ,~rv .:, tions \'!~d~ D<'..de L1. t. B::1.ch tost :point : volt ­
meter , ~attm a tcr , and t~cho@ct0r rd~dl ~~s ior each motor ; 
I [tl1om o t~r j,' oLdL1";S of }l r e SSU G -t st".tic ,:::>rificea :- nd insid e 
tho hu~ diifusor ; bal."H co ~ ",,'dL1g [tni ; ;Jo unt 0':£ counturwo i g:'J. t ; 
w't ~nd dry bulb t0~~ o r ~ tur c s ; ~,~ b B~ orr_ bric p ressurJ . All 
t ~' sts 'fQ rC run ", t rot ,'.tiol1 ,1. 1 sp.Jocis b '; -(;\'loen 3000 r,nd 3GOO rpm . 

R~SULTS A~D ~ISCUSSION 

T t Ie' l' e s u 1 t 8 0 ft' . i Sill V L; S t i ~~ . , t ion [1.., II pre s 0 11 t 0 d i" tor 1.[ s 
of t. e f~~ c03ffici~~ts u~od i ~ rafJr ncas 1 ~~d 2 . ~ ur quo 

co e :£' :f i c i :3 n t s ' r :3 b i v ) n ~ 0:1.' t:;. e i;. c. i 1 i Q U." 1 co m}l 0 n c: n t s 0 i' t }l(: 

f:tn {' nd lor t ~le f a L'! s .l. ·'ll01J . Th ,],3d cOQificier1ts ,~nd. t:"lO 
symoo 1s u sed ,-' !' 0 d0fin c d. ·'.l' fo110 i s : 

t y. 
C P == - -~ - p,:, 0 S sur 0C 0 :: f fie i .} r. t 

pn 2 1) 2 

tor qua co off ici ent , front rotor 

torque co c ffici c ~t , r JP r rotor 
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CT 
T 

total torque coefficient = 
pn 3 D5 

1 ~ Q 

" = efficienc y 
2n C Q.l nD3 

Q,/ nD 3 quantity coefficient 

where 

6p pressure rise across fan, pounds per square foot 

p mass dens ity of a ir, slugs per cubic foot 

n average rot at io nal spe e d, revol~tions per second 
[ (nF+ n R)/2] 

nF rotational 9peed f ront r otor , revolutions per second 

nR rotational speed rear rotor, revolutions per second 

D fan d iamete r (1. 75 ft) 

T total torque (T F + TR ), foot-poun cls 

TF t o r que on front rotor, foot-pounds 

TR torque on rear rotor, foot - po un d s 

quantity rate of flow , cubic feet per aecond 

The following add i tio~al symbols a re uSed in t he t ext 
and f i gur e s : 

R radiu s to outside of fan (n/2) 

ro r2dius of h u b ( O. 69R ) 

solidity 
[nR(l 

Bb ] IT 
+ ro l?) 

B number of blades 

BF number of blad<3s in front rotor 

BR number of blades in r ear rotor 

b blade width 
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~F blade ~ngl e on fr~nt roto r at O.71 4R , deg re es 

~R b l ad e an~le on re R~ rotor at O.714R, degrees 

All co ef ficients e re presented on t he bas is of an 
averare rotatio nal speed because, with a v a i leb l e equip­
ment , it wa s i mposs i ~l£ to Gynchron iz c th e t wo motor a if 
the l oads were app r e ciabl y d i ffere nt . T~is met~o~ of 
cplcul~ting t he coefficient l ~ads to a small e rr o r in a ll 
cases ~herd t ho tor~u o is appreciably d iffur en t be t woe n 
tho rotors. Udiig an averuee r otat io nal s~ced has t ie 
effe ct of d ecr eRsin~ the hi~h tor que c oeffi c ient an~ in­
cre asing the low torque c oeff ici ent . T.8 individual curves , 
in te rms o f Q/nn3 , a~e a l so brought Dore c lo 3ely to ge ther 
thail when i '1 divid.ual fl IJee dc. "- er e used . The ma:.>ni tuie of 
t h i s d isc~epancy i s u suall y very smal l bec aus e it was p os ­
sible to ke ep the two co mponents of tho fan synchronized 
ove most of t ne r ange o f opa r a tion . The dev iations from 
sync~ronization fo~ all t ~e co ~d ition s t ested are sho 'n 
i n fic;ur e 5 . 

T ~1 e r ~1 suI t s oft ~'- e t 03 s t ··.J i t h <; 4 b 1 ad. :.- s in -0 0 t h L: 0 n t 
an d r ea r rot 0 r :;; n. n d 1;J i t ~l 'l e 1" ea r b 1 a. C_ C a:-1 G 1 e s n c:. jus t 0 d t 0 

g iv e app ro x im ately equa l torqu0 n t mayi~un p r essure ~rc 

s h O :lrl i n f i gu r (; 6 ,. T l1 e i n d i vii u nI t 0 !" q 1 J cur v e s (f i :; • 6 ( b ) ) 
sho~ the large d iff oren c 8D i n torque cn th~ two roto~s at 
any condition o t he r t han t~~t for ~ni ch th ey W0 r o set. I n 
ordoT to obta in equal tor ll1loJ a. t max i mu m J?r0ssu~e , it v'-e,s 
n c c ~ssa ry to sot a l arg0 diffe renco i n blad J aa~lo bQt~oon 

front and re a r rotors . Thip fact is explainable by the in ­
cre ased velocit y over t he rear bl a des, w~ ich arose from t~e 

rot a tion i ~pa=ted to t. e ~ ir by the front rotor . This 
effe ct i s si mi la r to tile effect o~ contravanes on a sinele­
s t 3~e fan. At ~/nJ3 values l c r ~e r t~~n 0.3 this arra~ge­
ment of adjustin,; L18 bl aCl.8s .p"'.' ov i ued higher pr e ss ur es t~lan 

eit he r of the other arr an~ e me nts teste d . The slope of the 
pressure c u rves is , ~owev2r , vary s t eep . I f the f an is 
required to ope r a te at anyth ing oth e r than a f i 1ed ~/nD3 , 
thi s a ri a tion of pressuro i s a disadvantagd . 

In ord e r to brin ~ t he blada ang l e s mora cl os0 1y to­
go t ~10r , to d.ecrease ti. e slope of t ile p r ess 'uG curv e s , and 
to kee p th o torques of t ho front cUhi rear rotors mor e n OR rly 
equ a l , sov~ral tdSts we r e run wi t h b l clde nng1 0s t he same on 
fr o n tan d r ea r G. n d '·r i t h 2 ·1 b Ll. d. \) s ( (J = O. 8 6) i nth e fro n t 
rot or I1.n d 12 bla(ll3s «(J = 0 . 43 ) in tilL: r ea r rotor. Tln r e ­
sults of these tosts , g i ven in figurus 7( 0. ) to 7(d) , sh ow 
th a t th e slope of t~ o prossur e curv os hRS h~en decre asod b ut 
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t he re a r fan i s still dra~ing more power . Although the 
rear fan is operating wit h on l y one ha l f as many blades 
as the front fan , the p 0 1e r it absorbs differs from that 
of t h e f ro nt fan by an auount that i s about the same over 
the oper a tin 6 range. The maximum pressure available is no t 
so g re a t with t h is arrangement as with the arrangement hav in g 
21 blade s i ~ each ~oto r at values of Q/nD3 larger than 0 . 3 
but is sl i ghtly greB t er a t value s of ~!nD3 less than 0.3. 
The max i mum eff i c i en c y is 2 bout 2 or 3 pe rcent lower. 

I n order to o r ing the powG r r aq~ir ements of the two fans 
more cl osely togethe r and to dete r mine the effect on the 
e~fic i en cy , sovaral tests wero run Ji t ~ 24 bl ades in the f ront 
hub , 12 b l ades i n the ri..!C'.r hub , ,-ud wit h th;:; blade n.nglc s of 
t ne rear rotor adju s t e~ to abs orb torque equal to t hat of the 
front roto r ~t maximum p ressure. The results of these tests 
are given in f i gure 8 . F i g ure 8(a) shows that, at the lower 
blade angles , the to r ques of the front and the rear rotors 
were practically equa l fo r the ra~ ~e of operation . The 
slopes and the maximu m values of the pressure -co efficient 
curves and the maximum eff ici ency were about the same as with 
front and re e r blade a~ g les set 3qual. For t hG test with 
SF = 50 0 and S. = 41° the tor que ras at equ a l over the oper­
ating ran ge bu~ the maximum efficie~cy was about 5 percent 
higher than with equal h lade angles . Some other solidity 
r a tio between fro n t and rear m i g~ t have brought the SF = 50 0 

curve to the desired condition. 

A compar iso n of t he p ressure coeffic ients of th e dual ­
rotati on fan with 24 ~lades in each .ub with the p ressure 
coefficie~ts of the single - rotation fan of reference 1 shows 
that t he max imam pressure coefficients of the dua l-rotation 
fan a re more than tw ic e as g r ea t as for the s i ngle - staGe fan 
without co ntravanes an~ about equal to the sum of the max imum 
pressur es of this fa~ wit ho ut cOlltravanes and this fan with 
contravane s set 70°. The maxim'~m efficienc~T of the dua l­
rotation fan was sl i ghtly l ess t han the sin~le -r otation fan 
with contravanes set 70° . It ap~ears that still higler pres ­
sures might be obtai~ed from a dual -r otation fan if cOLtra­
vanes we~e in stnll ed ahead of the front rotor. This instal­
lation would have the effect of loading the front rotor and 
unlo ad in g the re~r rotor . The ~ront and reer blade ang les 
c ould then be b r ought more closely to ge th e r. 

SUM~ARY OF RESULrS 

From tests of an exial - flo w fan hav ing two oppositely 
t urnin g rotors wi th vari able num ber of blades, and previous 
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tests on a single - st~~e [qn , tha fo l l~win g resu l ts were 
obtai:lecl : 

1 . For quan ti ty coeffici ento above 0 . 3 the greatest 
pressure rise was obtained from 24 blades in each rotor 
with the blades adjuste~ to absorb equal torque at maximum 
pressure . The efficiency of t ~ e dual - rotation fan was 
sliehtly less t ~Rn t~e maxi~um efficiency of t~e single ­
s t age fan with contravanes . 

2 . The slope of tte J r es surc curves was made less 
s t eep by reducing the number of blades in the rear rotor . 

3 • The tor que c 0 e f f i c i e n t s 0 f t 11 e :t' ron t an d t h a r a a r 
rotor were made nearly equal over t~oparating ran~G by re ­
ducing th " number of blades in the re a_ rotor and adjustinf,; 
th a ~ lada angles of the r enr rotor . 

4 . The dual - rotation fa~ p~ovidGd more than twice as 
much pressuro rise at the same quantity of a ir flow a s the 
previously test ed single - staga f~n without contravancs . 

La n g ley Memorial Aeronau tic~l Laborato ry , 
Nat i onal Advisory Committce for Aeronautics , 

Langley Fi e ld , Va . 

1 . B-.lll , E . Barton : 
Fan . R<3p . No . 
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Figure 1.- Three-quarter front view of dual-rotation aXial-fan test arrangement. ~ 



N~A Figs. 2,4 

Figure 2.- Side vie. of dual-rotation axial-flo. fan test section. 

Figure 4.- Rotors of dual-rotation axial-flow fan, 24 blades in front rotor, 
12 blades in rear rotor. 

J 



NACA 

~ 
i:::: 

~ 

I 
~ 

~ 
!:l 
~ 

h. 
~ 
Cl 

~ 
~ 

I':: 

~ 
~ 
" ~ 

:.-

/ 

1 
] 

Fi8 3 

I 

~ ... 
>::~ 

~~ 
~~ .....; 

t:: 
QJ 

~ 
QJ 

~ 
~ 
tl 

....... 
~ ....... 

§ 
~ 
....:... 
.\:) 
~ 1::! 

~ 
1:::; 

~ 
~ 
I ....... 
(') 

cS 
I 

("() 

il 

~ 



Pl g.o 5 a. 

,.r·f • FJe* 

__ "r I 
-.;cr I--

3 0· 

11- 0
' 
•• 

- 1--

l..i: ~45· .- f--
r6'!'F 28" ... ~., 

• I"" 

~ 
uIib 

g[b'-GlJi ail 

40· 
cal:! 2S; " 

I 

~ " 3S 
118 "" 23· 

CI~ 
30~ bar ill - -cOJo I 

I 

-~ 2S· I 
171· J 

I I 
I 

I I 

I , 

~ 20· I 
I 

~ 1/9- ' ! 1 
; 

I 

---- I-- - I I --j , I 

I -- -
lM A )/S' 

-J 
I I 

I 

~ ~I j00 

--1---- 1--- ---~-t--+_· ~ -1.' L_~_~ 



~-- ~--

NACA 

I .. 

1-& -
Q Q 

-~~ " " w. 
I .. 
lI -
m 
II 

I 

• ~ . a 

~~ • -.. 
II II. 

= 
1: 

: b 
II ~ 

•• ~ - l! 

iii ~ 
• II IF 

• 'W . 
• iii 

B 
D 
If 

C) 0\ Cl 0) ....... ......... 
() () Ol ~ ~ 0) -' --: '-..: ...... 

0 

~Q 
h) 

~ 

I~ 

; 
~ 
i 

• 
r:I 

i-

Q 

! ... 

~ 
......... 
<::) 
......... -U 
.!Iu.. 

• 
t\J~ ,,\1 

~~ 
! 

EI I!l 

• 10", 

II 

~ ~ 
, 

~ ~ '-..: 

0"\ 
~ 

F~5b 

~ 

() 

l 

J 



/01 

./00 

.9r 

1.01 

1 ()() 

.99 

./.0./ 

I 
./.00 

~s::: .99 

1.01 

1.00 

.9'1 

R=L' 
- I 

l 

A 

L-303 

~ 
~ 

Q/nD3 ~ 
.(e) Tests wiThc4- blac:/es in front rotor, It? blades in rear rotor; CTF =CTR af Cp,.no; : 

Figure 5. - Conc/(,(ded. () 



NACA Fig 6a 
~4~--~~~~~~~~~~~~~~~~~~~~~ 

~V~~~-+-+-+-1~--~~+-~~~-1~~~~+-+-~~~ 

/ / \ . 
5.~~~+-+-~~-r-r-+-+-+/r;~r-~r-r-+-+-~~-r-

'. ' 

\A. 
s.2~~~~~+-~r~~L~1~~\~~~~~~~ 

\, 

4,':; / \ '~'-.r---+I 'tr-1J::85 ;Due-eat: I 
~~~+-+-+-+-~~~-r~-r-r~r( · ---- -- T--

V 

36 

cp 
3.2 

/6 

/2 

o ./ .2 .3 .4 .5 .6
0

/ ,/ .8 . .9 
znDJ 

(aJ Pressure codficiellls showi/Jg lines of consta n r e fflclenry • 
Figure C;.- 7e5ts with 24 b/aq'es in fronl and rear rotor; elF "C~ at CPm<1K 

1.0 



I. > 

NACA 

1 -
.26 1-----1-- ---,-- --

I 
I 1 i~-

.241--"':-'---;--1 t----J 
I--! ; I I 

I I +--- : 
I 
1 

I 
-J- ___ r 

! ,I 
./8 

I 
./ 6 I---l---!-, ---1---+-+ --

i I -1-

14 1 

~ , 

./C'f-
1 

lor, -
I---- _. 

081 t 
06 1 --

.04 

02 

Fig.6b 

--I-I-\--+----+--r---r C TF -0--0-- ~---+---l 

1 C <>-1r-

1 I r;e -+---+---l 

IL+--l -+-~---+---___' 
I 

----I--

- --.---+-~ 
1 

(.6) Individ ual forque coerr/ci~nI5 6}, Z4 " BR ,24 . 
rigure 0 .- Confinued. 



- ~--. _ ... _-----

('1\ t-JACA 
0 
('1\ 

I 
~ 

£>4-

/00 

.5"h 

I 

I I I I 
.S~ I 

I· ~ \ I 

.4-8 
! 

I I 

~ I. I t---t---t---r-.--t--+--!f---t----+-\J--+--l-. - -.,.- - r- -1---4--

\, I I ~ I 
-

I ! I 
I 

~4-

! . I 
I ! 

i 
I 

" I. ~I _--+ 

r-~~~:-t~~~~~~\1 I ~ 14-~-+~ 
.4-0 

I 

I , I -"--~---'-~.-,r - ~-rl 

I "I !\. __ -

I -

.3 ~ 

.32 

~-_t___+__-,..-~-____\!I.~I r \ . W~ l ~- -
-j--~~.-_JL- 30', I 

I 

I 

I I 

Cr 

.28 

I--- ~ 

.24 I---

. 
ZO 

./z 

.04- 1 
1 

(c) -.1 

I 

o ~/---L--!L-.l.--+-. 
o 

~ 1 
--r-

--~ i 

I _ 

\ 

loe 

. 
(c) To/ol to~ue. 
coef f/c /ents 
FI " l.Ire /D . ­
C : '7 f"'1ued 

I I \:::-

o 

35' 
23' 

.s 

I 
40' 
25f 

I 
.6 

~ q. (; - [of/eluded (d) ran efficiencies B,,) 2"1 j B~ )2""'1. 

- }O'\ p7 
. 30' 

~_l u 
.8 7 



(') 

0 
(') 

I 
~ 

NA A 

S,2 
I.... ~. 

4.8 
i/ / · ,,-. 

[/ V ~ 

4. 4-
1/ V \ 

40 
V / / VII/ 1\\ \ \ \ 

03.6 

3.2 

c.8 
Cp 

2.4 

20 

L6 

12 

.8 [ ~ 1\ ! 

.4 I---+-~ jJ,(ncI !R 1 2f++--+-+-+ 3f-~ ~-+--+4d.rl\rl---+----l - - -+ 

[ [ \ \ 1-
0 0 

80 

..... 60 
~ 
\) 

~ 
~ 4 0 
, 
~ 

20 

o 0 

.3 ~ .s .6 7 .8 . .9 1.0 /./ IE 1.3 
Q~D3 

(a)Pr~55w7 coeffic. ients .showing lines of cOl'lSfanf efficiency. 
rigqrv T- Te.stJ WIf/I Z4 I;hdes in {'ron! rofor and Ie h lades ill r?ar rdor i fl,,' /i.e' 

/ 

.... ~ 
~ 

'U 

~ 1;8 
I' . j, 

,4 ~n"fl/ , 2~ 

I 
.Z ., ~ 

rei) /Qn ~rrici~ncl.3. 
I?gure 7,- conc/wd,d . 

1/ 

f---

l... 
.-

1/ ....... 
P'\ -~ ~ l\ ~ ~ 

i-
~¥'" \ ~ 
If I <;/: =\ 

.- 40· /\ 
\ \ 

3, \ 
-I--~ 

.6 7 8 .9 to 1./ Ie 

--- .-~ 

! 

f--

I 

II 
J. 3 



I , 

I 

l . 
l 

I 

I 

r<'I 
o 
r<'I 

I 
H 

L_ 

- ---------- -- " ~ ----

~ 
.38'~~~-+~~~+-+-~~~-+~~~+-+-*~~~+-+-~1--~ 

~ 
3b~~~-+~~~+-+-~~~-+~~~+-+-~~~-+~- -1-1 

.~~-+~~+-~~-+~4-+-~-+~~+-+-~~~~+-+-4 ~ ~ 
o J>. v"" .\ I I 

- --
~ 

~-

~ ;H i 
12 1.3 1.4 

--~ --- ----------'--" 

l 
I 

I 

J 



('f"\ 

o 
('f"\ 

I 
H 

NACA 

~ .8 

.8 ~ 

i(; .7< 

"2 .7. 

.6 '0 

.6 ·If 

0 .6 

~ .5i 

:z .5. 

.4 8 

.4 '4 

.4 ~ 

3 , 
32 

.28 

'" 
20 

I i? 

.C8 

o 0 ./ 

----- ~ - ~---

p.r 

Jr I.{ 
Ic?p 

-

.A 

~ 
~ \. 

~ 

\ , 
1\ , , 

~ ~ 

1\ , 
I, 
'\ 
\ 
~ 

~ (!r"t r\ ~ 

\ '\ 
r. ]0' ! 
1\ 

4 al7ti ~ ,2(7' \ 

.4 .<:; .7 

!"ig 7c 

'~ ::« 
..., 0 

\. 
'\ 

\ 
~ 

1\ 
\ 

t 
~ 

'" ~ 
\ 
~ 

Sr?' ~ 1 

I 

I I 

~ 
\ 
\ I , 

I 

40" 

- I -, 
I 

- J 

J -, - -1 
I I 

-~ -- - ,-- --
- - - t - --t- ~-r- r-- - .--I 

- -1 

I I - --

.8 . .9 10 /./ /.2 /. 3' 1.4 



NAf.::A Fjgs 8a,8d 

5.'.-r-r-r-r-r-r-r-r-r-r-r-'-'-'--'-~~~~~~~~--r-

r-~~+-+-+-+-4-4-4-~~~~~~-+-+-+-+~-4-4~~~ L_ 

c,.. 

1--__ 

-t"- -- n, +1--- <> 
~ ... -80 

... - """ 
~ ~ ,I)' t~ ~ "\ 

-\.... - -+50· (:: , 1\ " -L- 1-1"_ 
t~o t \ 'f0 H I 

30 0 3.5· --
~ V ,,20' E8' , 

40 i3H' /7' U--- - -- -

cO ' -- t\ 

rt 
f=L~ 

I 

o 0 ./ .2 . .3 .4 .5 .6 .7 
(eI) Fan ef"f/Cle nCles . 9.: 
Figure B.- Concluded. hU 

B 9 /. 0 /1 /2. 



NACA 

.34t--+--+--+--t--lf--+--+--+----!--I--

.30 

.28 

.2~ 

.24 

-t---- 1 
22 ~-i- r--t---:;~ 

.20 - - 1 -----< 

./8 --

./6 

.14 

./21---~--

! 
I 

/0 f----;------~L j 
.0. 

.00~.~1----

o I I 

o ./ 

1 - -

I {3r,20· 
-(3R 17 :--J---L­

I 

(.6) Indlv/dua l torque coerficients. 
Figure 8 .- CCY7ti"u~d 

_--c ___ _ 

~~ -t 

.9 /0 

n .8b 

~ ___ I 
Cr:~ l +-ti ! I 

~ 1 I 
I 1 

I j 

I 

r 1 
I 

- -+-- --1 
I I 

/ 1 

I 

I 
I 

\ - .. ~-



L _ _ _ 

~f',~ 
·~~~~~-+-r-r-r;-~+-r-~-1~~-+-r-r-r;-~+-+-~1 

r\ .00r-r-+-+-+-+-~~~_r~~_+-+-+~_1~H-~~_r~~_+-+-4~ 

\ .5br-r-+-+-+-+-~~~_r~~_+-+-+~_1~-~~_r~~-+-+~-4 

.52~+- t --r~~+-+-+-~~~~-4-+-+~~I\~\ ~4-4-+-~ 

.48 --t--T.--t-t--j----,r-t--r--t-+---t-+-~~__t__+____t_~__l'"I:\-+-+-t--. - - >---

---.+_+-. - - -t- --j--..,I--t__r--+__+--+--+--+---+---+--+--+----t-++--+--+-+--+-----1 

\ I . 441--t__+__+--+--+--+---+---+--+----t-~~~-+-+--+-+-+--+--j--j~~t--t--+--+-+1 -4 

r-~--r-r-~~~~. I~~~I ~ ~ _+_t-t~_1_1_1~~~~~~ 
1 I I I _+--+-~':~---'- ~ ~ ! ' 

40 -J _ ~--t- l- r--+' _ .~_I __ +-'j -+--t---'-lI'-\----r-1 --+---+---+' ---+---+-+-..\\.-+5(41°]: I I 
, , , : I , i \ I J 

36 1-- I ~-~ I I I I \ ' , 
::r .-- --!.-.+-- ~1 ---- --+--+-_+-+--"r---t_1--j----jt--t--t-----t---r---+_-+'--,1 

:::~~I : II :1, ' : \~ . ! I ; : 
I I I 1 \ I ' ! 

.24r---~~--~~~~~\~~-+-+--~~\ ~~~~~~+-+-~ 
; I: , ' 1400 I 1 - ---01 - ' I ' I 1 1J---+---+-__t_--'-----rl~ -t--t--t----+_+-+_~' 

ZO ~-
, 1 I I! \ 35

0 

I ,- -~-- -;-T-T \ 1_. \ ~ -- --~l 

Ib :===:' -=-~~~;~~ .. :~-=--=--:!r-_-_I--_---J--_-_-_\.--f\~,+_---t-H--I-·=-~'I_ I" - +-~:f I 
I \ 3 0· ' i .12 r----- - - -----t----'- . - ------ - t- 2 8° " - -- - - - t - - , 

:=======:=:=:\::~~'_-_·~'I~·--~~+_+I _+l _,~i_1__j--r· I I ~I ~~11 
.06 \ I 1 • I ' ~ 

1--------+--+__~~+~, 20_· ~~t----+_+-~~~--+-~~_r~-._--1 
I , "1> 1.6' I r ' ! I 

O~~~----+--r-i ~l r ~' -+I, -+-+-t~~---t-I _+_~-r-+--+~-t! --+__j 

~t----=--- -+-I -+--~-+--+-+-t-+-+--+I--+~ ~I -' -- -r-r·.,--:+ ··r-'l 
o 0 ./ .2 J .4 .S .6 .7 .8 .3 

'YnD' 
(c) ToTal to.rqt.l~ coefflCl~nrs 
FtSll'/~ B. - CoI7 ftnt.l~d . 

I. -:: 1./ 12 


