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TEST OF A DUAL—EOTA&IOH AXIAL-FLOW FAW

By BE. Barton Bell and lLucas J. DeKoster
SUMMARY

A dual~rotation axial-flow fan composed of two
oppositely rotating 24-blade rotors was bullt and tested.
The outside dlemeter was 21 inches and the hub dlameter
was 14% inchesy The fan was tested wlth various combina-
tions of front and rear blade angles and with two combina-
tions of front mnd rear solidities. Pressure and torque
coefficlents and efficlency were determined 2nd are pre-
sented as functlona of a quantlty coefficlent.

In order to have the torque coafficients of the front
and rear rotors ramaln ncarly equal over the operatling range
with flxed blade angles, it was necossary to reduce the aum-
ber of blades 1n the rear rotor to one~h:lf the number of
blades 1a the front rotor. More than twice as much pressure
rise was obtnined Tfrom the dual-rotation fan as from a pre-
viously tested siagle~stuge fan without contravanes. The
maximum efficiency of the dual-rotatlon fan was slightly
lower than the efflciency of a slagle-stage fan with contra-
vanes and higher than the maximum efficlency of a slngle~
stage fan without contravanes.

INTROOUCTION

Previous NACA tests of axlial-flow fans reported in
references 1 and 2 were restricted to a single-stage fan
opaorated with and wlithout contravanes. Refasrence 1 for a
gsingle~-stage fan wlth 24 blades 1lndicated that hizher pres-
sures wore obtalnabls with than without contravanes. BRefer-
ence 2 lndicated that not much lncrease 1n pressure could be
expected from an increase in the solidity above the value
of 0,86 for 24 blades. In order to get preasures apprsecladbly
higher than those obtainable with & fan such as was used in
reference 1, it is therefore necessary to use more than one
stage. A silmple multistage arrangement involves the use of
two rotors turning iln opposite directione. Such a fan hes
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been bullt and tested by the propeller~research section.
The program includad tests wlth various comblanations of
front and rear blade angle and with two combinatlions of
frout and rear solldity.

Z5C2IFTIOF OF ATPARATUS

Ths dual-rotaticn fan was compnosad nf two simllar
slnsle-rotatirn fans mwounted with thelr rotor emnds to;,ethar.
Ths spaciag batweer the center lines of the blades 1ln the
front anl tho rear hubs wae 3% incies, Mhe oujlside dlam-
eter end the hudb disnetar were 21 luclies end 147 iackes,
re-pachtively. 'n order o> make tihaz3s fuis intverchaageabhle
witn tha fan ~f r3fcrence 1, Plhe goneral errancawent of
tho Tan and bt2st g:t-up e shown 11 fizures 1 to0 3. The
blaudtes ofF R.,A. Y. B seciion usad in  ach rotor were allkxa
excopt tl:at vihiy wire of cpposite hand., Phe Hlades in the
roar rotor wero tho Tlalsg us-d 1a the far of refaronce 1,
Eaci. hub had 3yazs. for 3« Dl .des. For opcraision with 12
blades; ovro-haif $.:0 bla‘cos wvare ronoved Ifrou r 24-dlado
rotor and thi "olss wero fillod with stuol plugs, which
gave surtaces rlus™r wilt't the hub.

Power wnas 3um)lisi to eacu rotcr b7y a 25-boraevover
taree-phree alternatiaz-current incduction motor., These
motors were surplied from a common source wlth alternating
current of varladla fragrener. A water rheostat for eacn
phi.se of $hls varirble~"requency supply was connecied in
garles with 3ach motor. The veltare drop across the motors
could be 1ndependertly variel by varyin: the resistence of
these rheostnte; tals arrangument gave a small amount of
differential specd control., The front motor was alr cooled
and the rear motor was water coolsd.,

The motors ware supportod inaide ta. staol fan casing
on four radial strcamliue stirunts., The struts supporting
the front motor wore arillod for statlic orifices for moeasur-
ins; the pressure %o ba usad to determinc quantity of air flow,
All elcctricnl councetlons to ths ictors were caerried through
the struts. The nn ceesing a3 iknchlno-flnished on the in-—
slda to & diametar of 21 inchoes. At the location of tha
rotors tho diamotor wns ruoliuvaed to r~ dicmotor of 21g

inchaes, waich gave 1/32-1inch claarancc at the tips of the
blades.

The tuo parte of the multistnge fan wers bolted ond
doweled togather and mountod on A ste:l framo. This frame
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was supported on four rollers, which rested on hardenod
and ground steol tracke. The frame was rostralned from
rolling foro~and-aft by a thrust wiro, ono ond of which
was carried ovur a pulley to a dial balance. Tho othor
ond wns connected to counterwelghts through =2 bell crank.
The 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 fleld of the
entrance. The flow through the -test sectlon was therefore
confined between the cylindrical hud falrling and the cylin-
drical outer casing,

A diffuser extended downgtream of the fan. At the
outlet of the diffuser a vaeriable restriction consisting
of a number of overlapping movable streamlline slats con-
trolled the prassura rise through thuy fan, The alr was
exhaustod through tuls rostriction into a muffler.

METHOD OF TESTIAS

Procedlng the sctual tests of tho fan, the torque
outnut o0? ocach motor was calibrated with & Prony bdbrake
ezalnst wattmoater and volitmcter roadings, Tho eslactric
tacunometors, onu on ench motor, wero calidbrated againet
commarclal €609-cycle eltorn~tlas curront. The tachometer
calibrrtions wore cieckol at vnrious times durlng the tost-
ing. The pressure orlficns fuor determining quantity of alr
flow immediately ahead of ths front rotor were callibrated
ty ruc-ninesg the fan in series with a previously calibrated
venturl,

As 1n references 1 and 2, the pressure rise across
the fan was assumed to bs the thrust on the effective disk
area divided by ths effactive disk area. The thrust on the
dlsk area was obtelned from balance and counterwelght read-
lngs corracted for the force due to the pressure inside the
hub diffuser cone. For cordliions in which the torques on
th2 froat and the rocar rotore ars uneqgual, tiae pressure coef-
ficients may bs somuwhat affectsd by tha rear-motor support+
ing struts. Tor unequal-torquo conditilons, thare will be
twiget 1n the alr bshlnd the roear rotor and ahvad of thoso
struts., Thils twlst will produce 1lirt aand drag on the struts,.
Whether there 1s a posltive pressure or negative pressure
compone1t to the resultant of this lift-and-drag force de-~
pends on the magnitude nf the twlst 1n the air. For no
twist (equal torque) there is only drag on these struts and
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the pressures are conservative, Under moet test conditlons
thie effect will be usmall and has therefore becon neglectod
in the calculations of the pressure coefflcients.

Three serles of tests were made, One series consisted
of a number of tests with the blade angles in the front rotor
varring in 5° increments from 15° to 50° and the blade an,les
in the rear rotor so adjusted that the reer rotor would absord
apnroximately the same torque as the front rotor at maxlmum
prassuro, Twenty-four blades were used in each rotor during
thuse tosts. Another serles of taste was made with the front
and rear blade angles equal but with 24 bHladee 1n the front
rotor and 12 bdlades in the rear rotor., Thils rotor arrange=-
mant 1s shown in fizure 4. A thilrd scrlies was made with 12
blades 1n the rear rotor so adjusted that the torquo at mexi-
mum prassure was tho samc as that of tho frout rotor with
24 blados.

The prossura asqd tha quentliy of wuilr were variei during
cach tcst by adJusting the slets in the vari.ble restriction,
. Tha following obsarvatlons were nnde at each test point: volt-
mater, wattneter, and techometor rerdiage for cach motor;
manomator wrerdliags of prassure At stotic orifices ~nd 1lnslde
tho hub dlifuser; balonecc resdiag and :mcunt of countorwelight;
wet nd dry buld tomporcturcs; and barcorctric pressure, Ail
tosts wero run ~t rotatlioanal spocds batwoen 3000 ~nd 3600 rpm,

RESULTS AXD DISCUSSION

The resulbts of ti:la luvustigntion orvo presentud 1n torus
of the fna cosfflecionts used in raforences 1 nad 2. Morque
coaefficliants -re gilv.on for the iandividunl componcants of the
fan rnd for tae fan .8 ~ wiola, Thase coarficlents nnd the
symbols usod -re defined 1c follows:

Cp = ;;g%; prossurs coafficlart
12

Ip
C —35—¢ %torgqua cogefficicent, front rotor
Ty pna:)5 - CEEe

Cn_ =—a-g torque coofficlont, raar rotor
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= pnaDs

total torque coefflcilent

1 ¢
n = — 3 _3_ efficiency

Q/aD®
where
Ap

[+}

n

o

op

t3

2w Cp nD3

quantlity coefficlent

pressure rise aoross fan, pounds per square foot

mass denslty of alr, slugs per cubic foot

average rotational speed, revolutions per second
[(np + nR)/2]

rotational speed front rotor, revolutions per second

rotational speed rear rotor, revolutions per second

fan dlameter (1.75 ft)

totel torque (T + Tg), foot-pounds

torque on frort rotor, fooit-pounds

torque on rear rotor, foot-pounds

quentlity rate of flow, cublc feet per second

The fullowing additional symbols are used in the text

and flgures:

R

To

o

radius to outside of fan (D/2)

redius of hud (0,69R)

solidity [ Bb ]
LTR(1 + I‘O/R)

number of blades
numbar of blades in front rotor
number of blades in rear rotor

blade width



By blade angle on front rotor at 0,714R, degrees
Br blade aagle on rear rotor at 0.714R, degrees

All coefficlents are presented on thos Dbasls of an
average rotational speed because, with avallable equlp-
ment, it was 1impoeslble to synchronlze the two motors 1f
the loads were appreclably different., This metlod of
calculsting the coefflicient loads to a emall error in all
cases where tho torgque 1s appreciadly different bvetwoen
the rotors. Uslng an average rotational snced has the
effect of decreasing the high torque coefficient end in-
creasing the low torgque coefflclient., The inélvidual curves,
in terms of Q/uD3, are also brought more cloasely together
thau when individual npeelds wers used. The mazaltuie of
thls discrepancy 1is usually very small becavse 1t was pos~
elbls to keep tha two commonents of the fan synchronlzed
over moet of tua range of operatlion., The deviations from
syncaroalgatisn for all tlie condltlions tested are shown
in figure &.

Ths =m2sults of thke test with 24 bladss 1a bdoth front
and rear rotors and with tlie rsar bladc augles acdjusbed to
give approximataly oquel torqua ot aarimam prassire are
shown in figure 6. Mac individuel toraus curves {fi;. 6(d))
show the large differcne2s in torquo oun the two rotors at
any condltion otior than that for waich they woare sct. In
orior to obtaln cqual torgnu 2t meximum vpressurc, 1t was
nccoiassary to sot o large differerce in bdlade z2arle boitweoen
front end rear rotors. This fact 1s explainable by the in-
creased veloclty over the rear blrsdas, which arose fror tae
rotation irnps_-ted to tte oir by tle¢ front rctor., Mhic
effect is similar io the eoffest oif cnuatravarss =n a single-
staze faa. Af$ Q/333 valves lir-er tnan 0.2 this arrange-—,
ment of adjusting tae dlades: previded hlghar preszures tiaan
eithur 07 the other arranyeresnts tegsted. T™he slopse of the
pressare ciurvas ls, howevar, vary steew. If the fan 1s
reqxiiedi toc oparate at suytiing cther tham a fixed Q/nD3,
this —warlatlon of pressuro 1s a disadvantage.

Iz order to briang th= blade angles mors closaly to-
gother, t0 decroase tue slope of the pPreasnre curves, aad
to 'mucp the torques of ths front omnd roar rotors mor: noarly
equal, sov.ral tusts were rua with blade onglos tha same on
froat and rear end with 24 blndes ( o= 0.86) in ths front
rotor and 12 bladas (0= 0,43) in ths roar rotor., The ro-
sults of thos=2 tests, givon in figurcvs 7(a) to 7(d), show
that the slope of tiao preossure curves has hzen decroasocd but



the rear fan 1s still drawing more power. Although the

rear fan is operating with only one half as many blades

as the front fan, the power 1t absorbs differs from that

of the front fen by an amount that 1s about the same over

the operating range. The maxlimum pressure available is not
80 gréat with this arrangement as with the arrangement having
24 blades 1n each rotor at values of Q/nD3 larger than 0.3
but 1s slightly greater at values of Q/nD3 1less than 0,3.
The maximum sfficiency 1ls abount 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
efficlency, several tests were run with 24 blades in the front
hub, 12 blades 1ln the ruer hub, and with the blade angles of
the rear rotor adjusted to absorb torque equal to that of the
front rotor at maxzimum pressure. The results of these tests
are glven in figure 8, Figure 8(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. The
slopes and the maximum values of the pressure-coefficient
curvee and the maximum effilclency were about the same as with
front and recr blade angles set squal. For the test with
By = 50° aud By = 41° the torque was not equal over ths oper-
ating range but the maximum efficliency was about 5 percent
higher than with equal blade angles. Some other solidity
ratio between front and rear might have brought the Bp = 500
curve to the desired conditlon,

A comparlson of the pressure coefficlents of the dual-~
rotation fan with 24 blades in each hud with the pressurse
coefflclents of the single-rotation fan of reference 1 shows
that the maxlimum pressure coefflclents of the dual-rotation
fan are more than twice as great as for the single-staze fan
wlthout contravanes anéd adbout equal to the sum of the maximum
pressures of this faa witnout contravanes and this fan with
contravanes set 70°., The maximum 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 obtalned from a dual-rotation fan if contra-
vanes were installed shead of the froant rotor. This instal-
lation would have the effect of loading the front rotor and

‘unloading the reer rotor. Ths front and rear blade angles

could then be brought more closely together.
SUMMARY OF RESULTS

From tests of ar pximsl-flow fan having two oppositely
turning rotors with variable number of blades, and previous



tests on a singlo-stage fan, tha followlng results were
obtalned:

1, Tor quantity coefficlents above 0,3 the greatest
pressure rise was obtained from 24 blades in each rotor
with the blades adjusted to absord equal torque at maximum
pressure, The efflclency of the dual-rotation fan was
slightly less than the maximum efficlency of tae single-
etage fan with contravanes.

2. The slope of the pressure curves was made less
steap by reducing the number of blades 1ln the rear rotor,

3. The torque cosfficlents of the front and the rear
rotor were made nearly egual over tlr operating range by re-
ducing tha number of blades in the reoar rotor and adjusting
the blade anglaes of the rear rotor.

4, The dual-rotatlion far providoed more than twlce as
much pressuro rise at the seme quantity of alr flow =28 the
previously tested single-stages fan without contravanes,

Lengley Momorial Asromautlcecl Ladboratory,
Nationzl Advisory Committoe for Asronautlces,
Langloy FTleld, Va.
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Fig. 1

Figure 1.~ Three-quarter front view of dual-rotation axial-fan test arrangement.




NACA Figs. 2,4
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Figure 4.~ Rotors of dual-rotation axial-flow fansy 84 blades in front rotor,
12 blades in rear rotor.
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