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.ATIOBAL ADVISORY COMMITTED ~OB AEBOBAUTICS 

·ADVANCE :aBSTBIC~JID BEPOBT 

TEST OF A DUAL-ROTATION AXIAL-FLOW FAN 

~7 E. Barton ~ell and Lucas J. DeXoster 

SUMMARY 

A dual-rotation axial-flow.fan composed of two 
oppositely rotating a4-bla~rotors was built and tested. 
The outside diameter was al inches and the hub diameter 
was 14~ inches, The fan vas tested with various combina­
tions of front and rear blade angles and with two combina­
tions of front end rear solidities. Pressure and torque 
coefficients and efficiency were determined end are pre­
sented as functions of a quantity coefficient. 

In order to have tho torque coafficients of the front 
and rear rotors ramain noarly equal ovar the operating range 
with fixed blade angles, it was nocossary to reduc~ the num­
ber of blades in the rear rotor to one-h~lf the number of 
blades in the front rotor. More than twice as much pressure 
rise was obt~ined rrom t~e ~ual-rotatiou fan as from a pre­
viously testP.d aia~le-stu~e f~n without coutravanes. The 
maximum efficiency of the dual-rotation fan was slightly 
lower than the efficiency of a si~gle-sta~e fan with contra­
vanes and higher than the maximum efficienc7 of a single­
sta&e fan without contravanes. 

I::iTRO:UUCT I ON 

Previous NACA tests of axial-flo~ f~ns reported in 
references 1 and a were restricted to a single-stage fan 
oparated wi~h and without cJntravanes. Ref~rence 1 for a 
aingle-stago fan with a4 blades indic~tud that hi~her pres­
sures wore obtainabla with thnn without contrnvanes. Bofer­
enoe a indicated that n~much increase in pressure could be 
expected from an increase in the solidity above the value 
of 0.86 for 24 blades. In order to get pressures appreciably 
higher than those obtainable with a fan such as was used in 
reference 1, it is therefore necessary to use more than one 
stage. A simple multistage arrangement involves the use of 
two rotors turning in opposite directions. Such a fan hes 
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been built and tested b7 the propeller-research section. 
Tha prog~a~ includad tests with various combinations of 
front a~d rear blade angle and with two combinations of 
frout and rear solidit7. 

D~SC~IFTION OF ArPAaATUS 

Th3 nual-rota~i~n f~n was com~osad of two similar 
sinn:lE.-rOtP.ti:-u fans u:ounted uith ~heir !"Otor ends to(.ethor. 
Tba spaci4g b~twee• tne c~nter li~eG of the bla~es in the 
front a.n:'l. thB rear hubs w.r.s 3~ ir'.c~es. ~!-.e ~u~side diam­
eter and the hub di~cet~r wer~y31 ~~etas Pnd 14~ i~ches, 
re·p~ctively; :n or~er ~0 ffiake t~d~a f~~s intercha~,~eble 

wit~ th~ fan ~r !"3fcte~~~ 1. TLe &on~r~l ~rrhnramant of 
t~l<l ia.n :u.d t·1&t ~;t.-·u_;~ :;.e- :::1-totf:U i1 :ii;u:--es 1 to 3. Tho 
bl~~as o: R.A.~. ~ G~c~ion us~d i~ nc~ ~otor ~~ra alika 
exc.::pt t~:Ht -r..:~-7 ''! il"O o: cp:po:lsito h::o.nd. Th~ ".ll~.dea in the 
raar rotor •·:A .. '\:1 t:u bl-1 ~ ;;; u.;.·lt i.a. •.;:C.e ~l'LI! o"" ref :lr•n:..co 1. 
Eac~ hub had a1aca. fo~ 3~ bl ·d~s. P~r o~cr~~ion with lJ 
bl.•dcs, ... ro-b.c:.i.!' ~:!·) bla." . .;s ~:.l:i.'O r . .:w.ovud iro:.1 r. 2·1:-bla.dll 
rotor aud thl 'ol::s wero fill.Jd wit"1 stuol :plug:s, •·rhich 
gave su:;.·:t'acco !l"'.l:l't wit"t t.~c hub. 

Po,-!er wn.;. 3U"?_>lis:i to e~c~. r.:>tc:- b~T a 25-J:.oraepotrcr 
tl1ree-p~1:•se ~:~.lter;ln,"ti:l~-cul're::J.t inr1.uctiou motor. Tr.ese 
motors ~ere su~plied froru a common source with altarnatine 
current of Yd!"iablo freq~enoy. A water rheo~tat for eac~ 
ph•~se of t:lia va.ri:•.ble-:'requ~ncy SU:;?pl;r ··•as connected i~ 
s~ries witb 3ach mJtor. ~~e vclt~~e drop across t~e motors 
could be indeyende~tl~ vari~J b7 vnryin.~ the resist?nce of 
t~eaa rheostAte; t~is ~rraug~~ent ~avo a. small amount of 
differantial spe~d control. ~he front motor was air coolad 
and the rear ~otor w~s water cool3d. 

~~G motors ~are supportod inaida t~~ st~ol fan casing 
o~ fou~ radial str~amli~e st~uts. ~he struts supporting 
t~e front ~otor w~~o drilloi ~or s~atic orifices for moasur­
in~ tho prcssur~ ~o b~ us~d to d~turmin~ qu~utity of nir flow. 
All el~ctricnl co~ncctionF t~ th~ ~~tor~ •ore cerriod through 
tha struts. ~he t~n cc~in~ ~1\3 m~chino-finished on the in­
side to e diamet)r of 21 inch~s. At t~a location of tho 
rotors tho dinmotor 1of:'..S r.:;li·J?Od tor. di.-:-.mot\!r of 21-fi 
inches. w~ich gava 1/32-inch cl3nrancc at tho tips of the 
blados. 

T~c tvo parte of tho ~ultist~~e f~n wer~ bolted Bnd 
doweloi to~nthar Rnd ~o~nt~d on A ste~l fr~~o. This frame 



was supported on four rollers, which rested on hardened 
and ground stool trecks. The frame was restrained from 
rolling foro-and-aft by a thrust wiro, ono ond""of which 
was carr1od ov~r a pulley to a dial balance. Tho other 
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ond wBs connected to counterweights through e boll crRnk. 
Tho entrance bell and exit cones were separately supported 
free of the fan. A cylinder having the diameter of the 
hub was extended upstream beyond the pressure field of the 
entrance. The flo~ through the ·teat section was therefore 
confined between the cylindrical hub fairing and the cylin­
drical outer casing. 

A diffuser extended downstream of the fan. At the 
outlet of the diffuser a variable re~triction consisting 
of a number of overlappin~ movable streamline slats con­
trolled the preasura rise through th~ fan. T~e air was 
exhausted through t~1is restriction into a muffler. 

METRO~ OF T~STiaG 

Pruc~din~ thu actual testA of tho fan, tho torque 
out~ut of oac~ motor was calib~atod with R Prony brako 
again~t wattm3t~r and voltmeter roBdings. Tho ol~ctric 
tac~omct~rs, on~ on d~Ch ~otor, waro calibratad againPt 
co~mcrcial 6~-cycl~ ~lta=n~ti~~ currant. Th~ tacho~otcr 
calibr~ti~ns w~ro c~ockoi nt v~rious ti~as during tho tost­
ing. Tha pressure Qrifi~os f~r determiniue quantit~ of air 
flow immediately a~e~d of the !ront rota~ were calib~ated 
by ru~~in~ the fan in series with a previousl~ calibrated 
venturi. 

As in references 1 and 2, the pressure rise across 
the fan was assumed to be tbe thrust on the effective disk 
area divided by tha effective disk area. The thrust on the 
disk area vas obtained from balance and counterweight read­
in~s corrActed for the force due to the prossure inside the 
hub diffuoer cone. For cor.ditions in which tho torques on 
th3 fro~t ana the roar rotors are unequal, t~a prdssuro coef• 
ficients ~ay bo som~what affectad b~ tha rear-motor support~ 
ing struts. Far unequal-torqua conditio~s, t~are ~ill bo 
twist in tho air bahind the roar rotor alld ah~ad ~f thuso 
struts. This twist will produce liit a~d drag on the struts. 
Whether trere is a ~ositive pressure or negative pressure 
conpone~t to the reoultant of this lift-and-drag force de­
pends oa the magnitude ~f the twist in the air. F~r no 
twist (equal torque) there is only drag on these struts and 
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the pressures are conservative. Under ~~~t test Clnditions 
this effect will be Hmall and has therefore bean neglectod 
in the calculati,ns of t~e pressure coefficients. 

Three series of tests were made. One series consisted 
of a number of tests with the blade angles in the front rotor 
var~ing in 5° incrementa from 150 to 50° and the blade anf·les 
in the rear rotor so adjusted that the reer rotor would aosorb 
a~~roximately the same torque as the fr~nt r~tor at maximum 
prassuro. Twenty-four blades were used in each rotor during 
th~se tests. Another series of tests was made with the front 
and rear blade angles e~ual but with 24 blades in tha front 
rotor and 13 blades in the ruar rotor. This rotor arrau~e­
mont is shown in figure 4. A thir~ s~rias was maie with 12 
blades in tha rear rotor so adjuatod that th~ torquo at maxi­
mu~ prnssuro was tho s~m~ as that of tho frout rotor with 
24 bl.:~.dos. 

T!J.~ pr.Jssu:L"3 c..·:d thn :pw.ntity of t..ir "'cro variai durint:; 
~nch test by adjusting the nlPts in the vari.~le ~astriction. 
Tha following obs~rv3tions ~~re onde ~t e~ch test point: volt­
mater, wattMatcr, ~nd t~chomotor rd~din~e for cnch motor; 
manomotur ro~dia~s of pr~ssuro Rt st~tic orifices ~nd inside 
tho hub diffus~r; balauco r~edi~g ani ~~cunt of counterweight; 
wet ~nd dry bulb t~m~~rcturos: nn~ bR~o~~tric pressuru. All 
t.:-sta •ruro run ..... t rot:•.tio!l..\.1 spuccis b.1twoen 3000 r-.nd 3600 rpm. 

R~SULTS A~D ~ISCUSSION 

The l'csults of ti~ia iuvuatigntion t•.ru prasontud in tcrLIS 
of t~e f~u co9fficiants u~od i~ raf3rencas l ~~d 2. ~orquo 
coafficiJnts ·ro Giv~n :o:L" ti1a iudividu~l components ~f th~ 
f~n rnd for t~e f~n ~s ~ w~ol~. Those couificients ~nd tho 
symbols ur.od ·ro d~fined ~c follows: 

prossur~ coJfficia~t 

torqua coofficiQnt, front rotor 

torque coofficiant, rJnr rotor 



pnBD5 total"torque coefficient 

, = _:_ ~ _3._ efficiency 21T OT nD 3 

quantit7 coefficient 

where 

6p pressure rise across fan, pounds per square foot 

p mass densit7 of air, slugs per cubic foot 

n average rotational speed,·revolutions per second 
( (nr + n:a) /2] 
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nF rotational speed front rotor, revolutions per second 

na rotational speed rear rotor, revolutions per second 

D fan diameter (1.75 ft) 

T total torque (TF + TR), foot-po~nda 

TF torque on front rotor, foot-pounds 

T:a t.orque on reRr rotor, foot-pounds 

~ quantity rate of flow, cubic feet per second 

The following additto~al e~mbola are used in the text 
and f i gur e a : 

R radiu3 to outsid.e of fan (D/2) 

ro rE-dius of hub (0.69R) 

cr solidit7 1 Bb 

~r,.TTR(l + r 0 /R) J 
B number of blades 

'B:r number of bladas in front rotor 

:B:a number of blades in rear rotor 

b blade width 
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aF blade Angle on front rotor at 0.714R, degrees 

aR blade a~gle on rear. rotor at 0.714R, degrees 

All coefficients are presented on tha basis of an 
avera~e rotational speed because, with available equip­
ment, it was inpossibl~ to aynchronizo the two motors if 
the loads were ~ppreciably different. This met~od of 
calcul~ting the coefficient 13ads to a small error in all 
cases where tho torque is appreciably different bet~oon 
the rotors. Uaing an avernee rotational s~Ged has the 
effect of uecreasj~g the hie,h torque coefficient and in­
creasing the lo~ torque coefficient. The !n~ividual curves, 
in terms of Q/nD 3 , are also b~ought ~ore cloael~ together 
thau when individual ~pee~q ~era used. The ma~nituie of 
this disc~e~ancy is ucuall~ very small beca~se it was pos­
sibla to keep t~a t~o com~onent~ of tha fan s~nchronized 
over most of ta~ ranga of op~retion. The deviations from 
synchroniz~tion for all t~e coaditions tested are shown 
in f'i~ure 5. 

Tha ~~sults of t~e t~st ~ith ~4 blad3s in ~oth front 
and. rear rotors and with t!•e raar blae.e; a.:.;.~las fl.c::""J.atud to 
giva approxim~taly ..3q1:.el torqu-3 r.t r:~.a.~·l'"''lm pr3SZ"L.re .-..rc 
sho~n in figure 6. ~ha individual to~qnJ curvea (!!~. 6(b)) 
show the larga diff~rcnc~~ in torquJ ou thL two roto~s at 
any ct~ndition ot:-tur t}lan lihro.t for .,..c.!ch t!lu~ w.lro sot. In 
orior to obtain ~qu3l torqn~ ~t mpxi~um ~rassu~o, it was 
nocJosary to sut D lergu ciiffe~e~~u ln blGd~ a~r.lo botwoon 
front P~i rear rotors. Thie fact is explainable by the in­
cre~sed velocity over the rear bl~dss, w~ich arose fro~ t~e 
rotation ir.:.p~:~ .. ·ted to t~.e :>.i!" b;r t: ~ f:.:·ont :!:c.tor. ~!lir. 

effect i~ similar t~ t2e effe~t ol cn~travarss ~n a si~gle­
st"3.;e fa.a . .P~t ~/u"J 3 va.l1:es lL.r:-er t::.A.n 0.3 thi& ar:;.·a~ge-. 
me:u.t of '\djustln,~ t~o bl;L~.e:.c- p~cv.l1~ed :i:li:;hAr pres::ures til.a.n 
eilihur o? tf!e \Jther n.rr3..n.:;euents tested. !!'he slope of the 
rrels~re c~rvas is1 ~owev)r, vary steop. If the fan is 
rea_...:.i:i.e-1 to o_,;>~rate at auyt1:.1ng other than a fiJLed ~/nD 3 1 
thia ~arlation of p~e~su~~ ie a disadvantasd. 

In order to brins th~ blad~ angles more closely to­
got~cr, to de~raase t~e slope ~f t~a praasnra curves, ~~d 
to '':ocp th<:' torqul3s of th'l front t'.lld rear rotors mor·:l nonrly 
equal, sJv~ral t..3sts wnre rua wit~ blade ~nglos th3 s~me on 
fr'lnt ~nd r..3~r and with 24 bl~das (a= 0.86) in the front 
rotor 1\nd 12 ola.d~s (a= 0.43) in thu rGa.r rotor. Tho ro­
sults of thas~ tests, givon in figuros ?(a) to ?(d), show 
that the slope of tao pr\)asurd curves h~s h3o• docron.sod but 
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the rear fan is still drawing more power. Although the 
rear fan is operating with only one half as many blades 
as the front fan, the power it absorbs differs from that 
of the front f~n by an amount that is about the same over 
the operating range. 'he ma%imum pressure available is not 
so great with this arrangement as with the arrangement having 
24 bladea in each rotor at values of Q/nD3 larger than 0.3 
but is slight.ly greeter at values of QjnD3 less than 0.3. 
The ma%imum efficiency is about 2 or 3_percent lower. 

In order to bring the power requirements of the two fans 
more closely together and to determine the effect on the 
efficiency, several tests were run with 24 blades in the front 
hub, 12 blades in the rur-r hub, ~nd with tha blade angles of 
the rear rotor adjusted to absorb torque equal to that of the 
front rotor at ma:imum pressure. 'he results of these tests 
are given in figure e. Figure B(a) shows that, at the lower 
blade angles, the torques of the front and the rear rotors 
were practically equal for the range of operation. 'he 
slopes and the maximum values of the pressure-coefficient 
curves and the maximum efficiency were about the same as with 
front and re~r blade angles set 3qual. For the test with 
PF = 50° and PR = 41° the torque ~as not equal over tha oper­
ating range bu~ the maximum efficiency was about 5 percent 
higher than with equal blade angles. Some other solidity 
ratio between front and rear mig~t have brought the PF = 50° 
aurve to the desired condition. 

A comparison of the pressure coefficients of tha dual­
rotation fan with 24 bl~des in each hub with the pressure 
coefficients of the single-rotation fan of reference l shows 
that the m~xi~a~ pressure coefficients of the dual-rotation 
fan are more than twice as great as for the single-stabe fan 
without contravanes an~ about equal to the sum of the ma%imum 
pressures of this fa~ witaout coutravanes and this fan with 
contravanes set 70°. The ma%imum efficiency of the dual­
rotation fan was slightly less than the single-rotation fan 
with contravanes set 70°. It appears that still higher pres­
sures might be obtained from a dual-rotation fan if contra­
vanes were installed ahead of the front rotor. This instal­
lation would have the effect of loading the front rotor and 

·unloading the rear rotor. The front and rear blade angles 
could than be brought more closely together. 

SUMMARY OF RESULTS 

From tests of a~ exial-flow fan having two oppositely 
turning rotors with variable ~umber of blades, and previous 
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tests on a singla-stage fan, tha following results were 
obtained: 

1. For quantity coefficients above 0.3 the greatest 
pressure rise was obtained from 24 blades in each rotor 
with the blades adjusted to absorb equal torque at maximum 
pressure. The efficiency of the dual-rotation fan was 
sliBhtly leRs than the maximum efficiency of t~e single­
stage fan with contravanes. 

2. The slope of the pressure curves was made less 
steap by reducing tha number of blades in the rear rotor. 

3. The torque coefficients of the front and tha rear 
rotor \1ere made nearly eq·tJ.a.l over tao operating ran~;:e by re­
ducing tha number of blades in the raar rotor and adjusting 
thd ~lada angl~s of the rear rotor. 

4. Tho dual-rotation fac proYidod more than twice as 
much pressuro rise at the seme quantity of air flow as tha 
previously tested single-stagd fan without contravnnes. 

Lengloy Momoridl Aeronautic~! Laboratory, 
National Advisory Committae for Aaronautics, 

Langl~y Fiel~, Va. 

1. EJll, :m. 
Fan. 
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Figure 1.- Three-quarter front view of dual-rotation axial-fan test arrangement. ~ 



HACA Figs. 2,4 

Figure 2.- Side view of dual-rotation axial-flow fan test section. 

Figure 4.- Rotors of dual-rotation axial-flow fan 1 24 blades in front rotor, 
12 blades in rear rotor. 
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