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Subject: Th OR I Fluids Et~~j n eeVin}~ Unit Axial Flow_Research F~in

References : Se~ Page 13

A des~ r i p~~ion of the OR!. F l n i ~~; Engineering u n i t  Axial
Flow Research Fan is pre5entc .d ht~rt in. The ~~~~ and
flexibility of th i s faci~ ity are such .is to provldt’ .1
previously unavailable • .p~~~i 1 i t y  for research on the
time-dependent respom;v of axial fl~~ turbomachinery
blade elcmcntc and blade r ’~~ to time or sp~ tla]ly
varying flo~~ . F~~’w~ of th is  type are generated by
1nter~~ tion u’1 ad)acent blade rows or by bI.~de row
renponse to a di !;tnrted Inflow. Consequently, an
understanding of th ’~ phenomena that ~ovcrn blade
response in ~hs e  environments is of considerable
practical sI~ ’iificance.
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INTRODUCTION

A major technical problem in the reduction of noise and vibration from
all classes of turbomachines rests at the source itself , namely at the
compressor , pUII~~ , fan or propeller which is used to supply energy to the
fluid. All o f the~:e d e v i c e”~ generate undesirable sound and vibration due
to the same ba~:ie phenomena — the respon~.e of parts of the machine to a
temporally and spat ially non-uniform flow. The widespread exposure to these
machines has led to an up::ur~ e in public awareness of the deleterious effec t
on the environment of turbomachincrv gt nerated noise and vibration . This
in turn has led to legislative control . The present interpretation of the
gene ration of Pollution of this typo is derived b~ analysis from calculated
result: ; b.r~ed on the application of unsteady isolated airfoil theory . This
theory has not been checked in this application . Consequently, the results
obtained are opea t o  question . The ORL Axia l  Flow R~~carch Fan (AFRF) was
des1pn~-d sjeclt i cal .l v to provide a ca pa b i l i t y  for detailed research which will
define the respoase of axial flow turborachinerv bladc elements and/or blade
rows t o  unsteady ~lows of the type encountc~uJ in practice. Consequently, it
provides :i unique capability for the rcneration of design data and for
pheno~enological studies -aose results can be wed to evaluate the adequacy
of th.or etical models.

NOME~ Cl.A Tt ’~ !~

Cp1 Loca l total pressure coefficient , 
~~ 

—L LOCAL
N Number of inflow disturbance cycles encountered per revolution

~ATM Atmospheric pressure

Reference static pressure measured by pitot—static tube

PTRFF Reference total pressure measured by pitot—static tube

psi Local static pressure measured at  a station in the rotor—
LOCAL Stator region , p 91 p~2 

— 

~~LOCAL 
when probe is

LOCAL
aligned with the flow.

PTLOCAI. Local total pressure measured at a station in the rotor—atator
• region

Outer casing static pressure

2Referenc e dynamic pressure , 1/2p

RCASIW. Outer casing Inside radius , 10.75 inches

L U
_ _ _ _ _  _ _ _ _ _  -
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Local radius

Local velocity

¶ V Averak~t local velocity

2 1/2V
~~F 

Reference vel ocity, ( (p~ 1~~ 
— 

~~REF~
1

JAL I Maximum amplitude of fluctuating lift

Maximum amplitude of fluctuating momen t

Ap Static pro scure difference

ci Local flow angle , Ci 0 for flow in a plane containing the
facility cent erlin e

o Circumfo ri ntial position ~ao.o~ured in a plane normal to the
fac i l i ty  centerl ine , positive for counterclockwise rotation
when looking forward .

A Stagger angle , ang le between airfoil chord line and the axial
directi a

P AtmospherIc density

w Reduced frequency

G F.NF .RAI._ DE S :~ 1 PT~ QN OF THE A X I A l .  I ’LOW RES EARC H FAN

The OR!. Axial Flow Research Fan (AFRF) was designed and built by personnel
of the Fluids ITa~ ineering unit. The facility became operational in January 1972.
An artist ’s concept of the AFRF is presented in Figure 1 , and a photograph of
the facilit y as it appeared in October 1971 is presented in Figure 2. The
facility operates In the stagnation pressure ratio range from 1.01 to 1.11.

Major sections of the AFRF are mounted on welded aluminum angle support
dollies which can be moved along the long itudinal axis of the facility for
confi gurati on changes. The dollies rest on grooved wheels which run on
tracks that, are welded to the upper longitudinal members of the support stand .
This support stand-dolly rotint isp arrangement was adopted for the following
reasons:

(1) H.~jnr sections of the facility , such as the disturbance producing
section and the test section , could be separated easily in the
direction of the axis of the machine for configuration changes.
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(2) The results presented in Reference (1) indicated that flow non—
uniformities due to the presence of an inlet vortex would be present
if the separation between the inlet and any solid boundary, such as the
floor, was i~ ss than .15 inlet diameters . The AFRF centerline is
85—5/8—inches above the floor , which is 3.98 inlet diameters .

(3) Capability to ro ta te  automated probes through a ful.l 3600 in the
region ot the test stage was des ired.

The AFRF Is 19—2 /3 feet iong and consists of an annular flow passage
bounded ii one end by a bellmouti, inlet and at the other end by an exhaust
throttle. The t rward region , from the inlet to a point just upstream of
the test rotor b;.ade dr ive wotor . is bounded by a 9.50—inch dia:~t’ter cylindrical
hub sur!.Ice and a :fl.SO—inch inside diameter cylindircal outer casing . These
surfaces art’ tapered t o  sliphil y larger diamet ers near the downstream end to
permi t ~us~ ng the 70 HP test rotor drive motor inside the hub and to permit
connection to the auxili ary fan outer casing . The 70 HP drive motor is strut
moun ted on its own dolly. The aux iliar y fan is a Joy Nanufacturing Company
Model No. 23 l/.-J~ —3450 Series 1000 Axivano Fan which delivers 15,000 cubic
feet of air per minute at a preseure of 3.5 inches of water gauge at its nominal
opcratiii~ cond itie : . The auxili ary fan drive motor and the 70 HP motor operational
characteristic s can be independently regu]~~t e l  -it any speed up to 3600 RPM
through the use ot two Borg Warner ~lodel  No. BW1200 Solid State Adlustable
Frequency Drive invertt-r units. Wit h a zero steady l i ft rotor of the type to
be used in some ot the initial resea rch pr grarn ., the auxiliary fan will be
used to provide the airflow . In t h i s  r-od - , two methods are available for final
adjustment of the t r ; s ,h f l c,w velocity: (I) frequency adjustment of the
auxiliary fan drive control with fixed throttle setting, or (2) throttle position
adjustr- nt with the auxiliary Ian operating at a fixed speed . Frequency adjust-
ments ar.- normally used ~ i~~h the t hrottle in  the aft or full open position
since this yields the hi ghest throughflow velocit y for a given frequency setting .
A photograph of the exhaust thrott le region with the throttle in the aft position
is sh~~a; in Figure 3. Six inches of throttle travel Is available . Throttle
position is automati (ally set iv operation of a 225 in—ot. torque Slo—Syn type
SS2SO—1027 I~riving P tor which is controlled by a Slow— Syn Present Indexer.
With this system , throttle movement can be limited to a step of 1/3200 inch
or can be as large as a step of 3.472 inches.

The wooden vane system that projects upstream from the beilmouth inlet ,
Figure 2, consists of ei ght 6—foot diameter 1/4-inch plywood vanes. These
vanes were Installe d to remove rotation that could exist in air that is
accelerated into the inlet from supposedly “at rest” conditions within the
Garfield Thomas Water Tunnel Building where the AFRF is located . The AFRF

• 
• share ; a work area that measures approximately 140 x 30 x 40 feet in length,

width and hei ght , is divided into three major floor levels, contains six other
research ‘~-icil ities whose size Is comparable to that of the AFRF or larger,

• and has numerous doors and windows in the outside walls. Consequently, it Is
impossible to restrict activity in this area to achieve “totally controlled”

¶ operating conditions. The inlet anti—rotation vanes were designed as a first
step in the effort to obtain controlled test conditions within the AFRF.

_ _ _ _ _ _ _ _ _ _ _ _ _  — _ _ _  _ _ _ _ _
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The bellmouth inlet measures 53-1/4 inches in outside diameter , 21—1/2 inches
in inside diameter , and is made of laminated mahogany . It contains axial
grooves on Its periphery to permi t install ation of and to provide support
for the anti—rotation vanes . The centt~rhodv t~ose , which is visible in Figure 2,
is made of aluminum in the shape of a length—to—diameter ratio 2 ellipse nose
followed t’v a short 9—1/2 inch diameter cylindircal section .

The two 24—inch long outer casing segments positioned just dc~wnstream of
the beilmouth inlet house the disturbance gent- ratin g section . This 4N—inch
long ficu- path was provided to  permit the deve lopment of distorted f lowf ields ,
generated iv p1.ie1n ~ honeycomb , wir e grid , or cylindrical rod obstructions at
the forward end of the cylindric al annulus , into .i desired pattern at the rotor
inlet. Three disturbanc e generators of the wire grid type are Bhown in Figure 4.
These grids were designed to prov ide a siiiw;o;dal variation of axial velocity
with a peak—to—pe ak variation ~f ±1OZ about a rn-an value of 80 ft/si-c.

The section i ediatt ’lv downstream of the disturbance producing section
huti ;es the test rot or—s t ator st  ape and is the heart of the AF RF . Detailed
photog rts t i~ of this ;~-~- t  ion are ;-rc - :;ented in Figure 5. The outer casing of
the part of this sec t i on  forward o t tin s t a t o r  h ousing is free to rotate about
the AFPF cente r l ine.  This segment of outer ea- ;ing is supported by tva large
bea r i rgs , the housings for wh i ch ar’ shown clearly In Figure Sb. liotat ion is
ContrH l~ d r . i i n u . ; l l y .  at pr t - : ; t n t  . and is accompliI~ -d by t nrnlng the wheel driven
worm gear øhown in Fi gure Sb. This capabilit y was  provided to p rr;iL rotation
of cas1n~. mounted flow surv eying probes , oi the type shown in Fi gure Sa, in
the circum ferential direction .

The phot ii~raphs in Fi gure S were taken during the shakedown test phase.
Consequently , base filler blocks ;‘ecupv the hub slots t i- it would normally
be occupied by rotor blades , Fi gure Sa , or stator blades , Figure Sb. These
hub features are visibl e because one—half of one of the srlit outer casing
sections was rer~ovcd i .r thcse pbotc-pr.iphs. The AFRF design utilizes split
outer casing and hub sections both upstream of and downstream of the stator .
By interchanging sp lit sections of d i f ferent  lengths , it is possible to move
the stator blade row axially relative to the rotor blade row. Thus , tests with
rotor—st-ttor spacings of 3, 6, 9 or 12 inches ai- e easily achieved . For 6—inch
chord blade s • th~- -n-  di rv i -usions correspond to nondimensional rotor—stator spacings
of from 1/2 to 2 blade chord len gth s . When the stator Is moved , part of the
weight of the stator system Is carried by cylindric al shafts that are mounted
externall y on the outer casing . The rema i nder of the weight is carried by a
ball bushing system mounted in the hub . In Figure 6, the external shafts have
been moved to their aft position to permit rotation of the probe .

The only components downstream of the stator at present are the 70 HP

~ 
, rotor drive motor , the .iuxihiary fan , and the throttle. These components were

Intentiona lly located at a downstream distance great enough to permit insertion
of a si l oine r just downstream of the stator and thus upstream of the noise
generating drive motors. An Industri al Acon~ t1cs company Model No. 22 CL 44
Conic—Flow Silencer has been purch v;ed for this purpose . This silencer will be
installed as soon as the adapter hardware is fabricated . An additional silencer
of this type may be located downstream of th e drive motors at a future date.
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INSTRUMENTAT ION AND DATA LOGGiNG

The instrumentation and data logging systems utilized in measuring reference
operating condit ions and mean f low prope r t ie s  in the rotor—atator region are
described lit-rein. These systems wi --re developed for use during the shakedown
test phase . The more soph is t i ca ted  systems required for the measurement of
time—dependent quantit ies will be described in later reports.

A United Sensor E Control Corp . sunilfied Prandtl type pitot—static tube
was used to rveasu rt- reference flow cond itions Just downstream of the. belimouth
inlet. This pr ahe ha~. a head that is fourteen tube diameters long. The probe
total pressur e , PT~~ 1 and static pressure , 

~~REF’ were used to define the AFRF
reference vel ocit y . 

~REF’ at  the annulus mid—radius .

For f l i -~w p r o p - r t  v measure rn ~rs in the rot or— stator region , where a check on
flow angle was .r1~~o de~.ircd , a (‘nited Sensor 6 Control Corp. two—dimensional
type YC probe was used. This is a t hree—hole probe with a prism shaped measuring
sect ion t l r .t permits measurement of t o t a l  and stat ic pres~;ure as well as flow
aug ic .

The out put from tho se p r ota- - . , which  is in the form of a pressure difference ,
was C t P V e L t  cd~~~- vol t ~ ge rcadi ugs through the u;e of Va1ii~ -ne Engineer ing Corporation
~t-’d0l DI’ 15 0.5 PSID V.iriah le Pi lf e rt - ut i a l  i’ rtsstr re Transducers . A ty p ical
calibration record for one of these t ransdurt-rs is  Shown in Figure 6. The
transducer output is linear over an app l i ed d! !lcrun t ial prcst;urc range in excess
of the range covered in norma l AFRF operation .

A block diagram --hewing the data ac q u i s i t i o n  and reduction system used in the
shakedown test  series is shown in F i gure 7. The raw data from the Prandtl and
Type YC probes, and data f ror~ probe position transducers , was recorded on paper
tape for co~upute r ized reduction and in tabul ar form for Inspection as each test
progressed. l hv reduced data was prt-sc nted in  t abular form and in the form of
plots of significant pararwte rs as a function of non—dimenslonalized radius
through use of  a Cal Camp 718 Flat Bed Plot ter .

The probe position tra nsduce rs Indicate the radial and angular position of
the probe u - i d  to ricasure flow propert ies In the ro tor—stator  region. The probe
support mechanism shown in Figure 5a is a bas ic L. C. Smith Company unit that
has been n d i f ie d  by Oi~L personnel to incorporate digital stepping motors .
With the outer caning, and la nce the probe , set at a fixed circumferential angle ,
the probe o~- - ra t t on , both radi al stepping and rotation about the probe axis to
achieve probe alignment with the flow direction , is completely automatic. During
the shakedown teSts , radial traverses we re routinely made in which total and
static pressure and flow direction were recorded in radial steps of 1/4 inch,
i.e., a total of 23 radial positir~n ; , in 25 mInutes. Changes in probe axial
position require withdrawing the probe through a hole in the outer casing ,
sliding the probe support rau-hani ’.m axially, and inserting the probe at the desired
outer casing access port. Access ports are shown in Figure Sa. These ports

_ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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are located at 1/2—inch increments in all major outer casing segments from the
second s-ct fon of the disturbance generating section to the section downstream
of the stator.

SHAKF.DOWN TESTS

The basic operational characteristic s of the facility are shown in Figure 8
where the variation of rt - f e rei i&-e ve- loc i ty,  VREF, as nieasured by a pitot—static
tube located cen tr a ll y in the 6—inch wide annular passag e at a point 12 inches
downstream of the inlet , is pre-se nte d as a function of throttit- position and
auxil i:irv fan luvt-rter t requency. Reference yc-loci tles up to Ill ft/sec are
possibi c. The effect of moving the throttle forward , at a given inverter frequency ,
is a re-du tion in re-len - ace ve loc i ty .  The data show that there is little to be
gained by considering more thi n S inches of th ro t t le  travel or by moving the
throttl e full open position aft in an attempt to raise the maximum reference
velocity .

Additional d a : a  - hawing the effect of throttle pos i t ion on performance is
presented in Figure 9. lien - the o u te r  casing sta t ic  pressure coet ficient ,
(Pw — p \i -~~) / qR ~ F, 

where Pw is the st a tic pressure at the out e r casing (and
across ~~~ annulus s~~sce there is no ro t a t i o n  and no reason for streamline
curvnture except In the vicinity of axial station 158 where the annulus walls
are t ap ered out ud) . PATS’ is atmospheric p ress ure , and q is 1/2 ~V~FF, is
presented as a function of axial station and throttle p o s i t i c a .  T h e  ambient
air de nsit y , .~~, is comp i tel y detei~~~ne -d iv the amb ie -ut. t etnper.-itu re- and
S t ; t L i  pressure. Station zero is the r at  forward point on the plywood inlet
anti--i - et a t~ on v~ines . Fi~~u rc 2. A’; shown in Fi gure 9, the s t a t i c  pressure
decreases linearly in the con Stant ar ea i -gion downs t ream of the’ inlet and
forward oi Stat i : ;  196 ;~he-re the inlet to the auxili ary fan rotor is located ,
with a small p rturbation where the wall taper causes area changes , and then
increases downst ri--am of the rotor to .a leve l th a t  is a function of the throttle
position. The spread in the dat a point symbols in Fi gure 9 represents the
maximern spread obtained f rom analysis of ;i1 1 the teSt conditions shown in
Fi gure 8. The lev el of the wall pressure coef f ic ient  at the throttle entrance ,
Station 231 , represents ava ilable excess back pressure which could be consumed
upstream in disturbance generators or in t her losses, The actual magnitude
of the excess pro-a-ore ’ avai l able is shown In  Figure 10 as a function of VREF
and thr ottle position . The approximate operational limi t boundary was set by
consideration of the sharp drop in velocity at large forward throttle positions
shown In Figure 8. It Is evident that reference velocities as hi gh as 80 ft/sec
could he maintained with additional losses as high as S or 6 inches of water
due to tb- insertion of flow disturbance generators just. downstream of the inlet.
This indicates L i t  the facilit y ha’; a capab ility to i nvestigate- a wide variety
of conditions at the test . rotor—stator station .

During the shakedown tr’sts , mean flow measurements taken near the rotor
exit plane using the United Sensor 6 Controls Corporation Type YC probe
indicated that the flow was unstead y. The fluctuati ons in this flow , which
ehould he su-ady , w~-rr attrib uted to the fac t that the facility was completely
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open to extraneous ambient Influences , and to the possibility that laminar
separation could be occurring on the bellm outh . To isolate the flow within
the annular ri-gi te , th~ anti—rot ation vane, structure- and the exhaust throttle

-- -re cove-r ed with a sing l e layt- r of Sears, Roebuck and Company Ills - n —
glass Itisect Screen. Th is  ~ieldcd some improve -me a t. The anti—rotation waite
structure was linen altered ts cutting away all wood not needed for a framework
for the scre- e-aing , and a sin~~le - laye r ef 1/8—inch thick Scott Filter Foam was
placel on the bellisout it stir fact- . In add itio n , a 1—inch wid e sandpaper boundary
layer trip wa s  pl oed on the beilmouth surface. Subsequent tests showed tIn~t
these mod i icat i n s  had ri-moved he- unsteadine ss. Results of tests made after
these m ’-Jif feat ions were installed .ini- shown in Figni e 11. The-se data were
ta ki--n with the - fo -i lit y oper.iting at a ret ire -a ce velocity of 80 ft/sec and with
the probe lse.ited j u t  forward of tuet ~ rot or inlet plane. The data are plotted
in noit—!lm eits ion - i l  t orm for i i r e  u n f e - r t -n t i~tl position s d i r -  t ly behind the anti —
rotation vane , 0 00, ..5 . 90° and 135° , and midwa; between vanes , 0 337.5°,
22.5°, s7.5° and 112.5° . The test dat a show that t h e centra~ region of uniform
flow is n i t as wide immt-dla t elv behind the ant i— rot ati on vanes as i t  is in the
region between Vane -S. This re-suit was e-~ pec ted.  A minor modification which
should 1l; eove this sit eta t ion has be-en nade s in - c t a- da ta ol ~

- I gore 11 ~::is taken.
This modification consisted f smoothiu~ .- t nd  t i l l i n g  i ll joints and cracks where
the ant i—ro tat ion vanes mate with t he  belim uth. At present , it is -vident that
the t -  - I li~ - - does p r - ~- ide a rt- 1 ; f~-in of ~tuadv uni f e - t s ~ I low t h - t  extends over the
range 0.55 � 

~~~~~~~~~~~~~~ 
0.80 or from RLOc~.l 5.9 inches to RW~~L — 8.6

i tic  h . It 1.s it- ‘ped tha t t. he I .tst mod i i ca tioti • o a t  ed above , ~- 1 11 extend this
region to R~ 

.
~~ 

-. 9.1 inches. Tc~~ts to det e rmine - the new flow characteristics
will b~- conduc t ed during liii- summer of 1972.

TEST ROTOR

The f ir st t e st. rotor fabricated for use in the AFRF is unique in that it
operate-s w i th no b - t i  input at. design condition s . This feature was incorporated
to per-~ft invest igat i -us of unsteady flow effects in the ab~cnce oh steady rotor
lift. l’o s i t iv c  or n ega t i v e  - r e i d ; lift can be produced ; however, by adjusting
the auxil iar fan speed in relati on to the t e s t rotor speed . Thus, the effects
on unsteady flow properties of incidence- , ranging all the way to stall , can be
invest i gi ted.

A photograp h of this rotor with 12 blades installed is shown in Figure 12.
The ‘ - b r  can be assembled with 2, 3, 4, 6 or 12 blades each of which has a
chord o f  6 inches and a span of 5.9 inches. Thus, space chord ratios def ined
at the mean radius of 7.75 inches of 4.058, 2.705, 2.029, 1.353 and 0.676 can
be t e st o h .  The rotor blades have a 10% thick uncanbered Cl profile which has

— the mi x imum th ickness -it the’ 33% chord point. The nomina l stagger angle , A ,
is 45° at the nt - i n radius . Stagger angles of 35° and 55° can also be obtained
by rot at in g Ils’ l’l id~~ within the hin e attachment blocks. The rotor blades are
made of Ren DC—63—64 Plasti c which was cast over a metal base mounting plate .

r 
___________________
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DISTURBA NCE CFNl -~~v I I N r ;  ~:Rr DS

A total of six disturbance produc i ng grids have been designed and fabricated
for mount ing in t he - AFRF inlet . The grid ; were de~ igiteel to produce 1, 2, 3, 4,
S or 6 cycle , 10% amplitude , sin usoidal vt1 ~~ t t io:is in axial velocity at the -
rotor it ; let s t i t  ion . l’hot c ;  i - p hs of t htt• e of t c~ ~ntd s art~ shown in F i g u r e  -~

The grids cons I - - t of a support grid and an o~ er1 :iv i c r  composed of segment B
of screening ~hich ha;; pi- g’ramned v~tr iat ions in w i r e  .ini mesh si ~e . The cir—
cuaferent Ia I ext c - S of lie -se - grt;e -fl t has t’e-en ccI j us t ~-d ~ 

r e v ide a ci rcum—

fe’rent i tllv v ;irving loss in total pre;;urc . Under Ideal condi Ions , this seg-
mented loss in t ~‘t  -ii O r e - - S L I t  e a t  the’ ,.e - Fe - c f l  w il l h- ’. e mi xed to farm a s inusoid il
vari at ion  in ~~‘ t - i 1 pressure • and lu-Se e~ ax ial ye loci : v , by the ime t ho  flow
ti- ac -he - - t h e rotor In 1e~ stat ion . The ex t  t’nt to whi i i i  thi s is i cal ized is shown
in Figure - 1 1. iht’:.e• me;isurements ;.c - - th e - fi s t t .d - i - i  wi t1 t h e  screens and do net
to! it -c t impn. eve -t:e nt in ito sinusoidal i-ot t o r e  oh the ow which has been r e a l  i;’(d

due t o  minor wod i (icatio:ts aimed at elisin:;t log lat h slight gaps and - li ght
overlapping at over lay se-grient boundar ic - . Font -  l e t  analysis ha - , shown t hat  th~-
fl ow is de -ntln.it ed by the unda~-t-ntal in i tch a - -a . ihe nominal me~ - ;ired amp ] i tude
~s i n i a t i e - : c  I -  •bI.

I’ ;s i ~U — ~:. ’~r \ T r ~~’-; ~~ e v’ ji. 1 R~3IO~ FOP. INI TIAL__SERT°~ t~ h - PL\ D i.  r’~1’~i i~LSPO~ Sl-. TESTS

Ta is 5cr i i ’ - ; t i - s t  s is being conduc t eel to provide - i d i r  t neasurement
of fluc’tu. ing l i t and moment d v ~ loped on a r;1d—s~ ari ~- h- t - 1s-1se segment of a
blade en the AFRF ;‘cr- ’ mean lift rat~~r due to oFeration in v~~Iocit y fields that
cont tin -i si a u- a l  d.t I I-.- varying axi al component . n~-~-~- d .i~ :1 w i l l  he u- -ed
evaluate - t i e  ndeq u -ecv of vin ci -; t i ,.’are -t ic -al ~-~~.1e1s . such aS t hose due t o

Sears (Ri - f erence 2), lh’riock (Refer s i  3). and ~ aum ann (Re~~-s nce 4). which
predict isola~ -. - .i airfoil response f~~r various go t fairfoil inter actions . Through
relatively simple m e s hi f i c at  j o int;  in AFRF configuration and c -p er t lug conditions .
it w ill be possible to define- t he e f f e c t  of change,; in rot or sp ice- chord rat io,
rejuced requency , blade stagg- -r angi ’ and blade n*-n; inc idencc- .

The AYRF conf i guration for these t c - s t .~ ; is  identical to the basic configuration
illustr,-itcd in Figure 1 except for the following :

(2) A 1— , 2— , 3— , ~~
— , 5— or ( ‘—ev e - l i -  wit- i gr id disturban ce producing screen ,

of the vpe sh own in Figtie - e ~ , wil I 1’~’ ~s’unted a t  the -  upstream end
of the disturbance g. - c ’ e t  tug section.

(2) A rotni hub c .mrrvhi g 2, 3, 4, 6 or 12 b I,; i . - - s e t  at 35°, 45 or 55°
St agger it he mid—rad i cii ; will be i n - h  al l~ with a single blade
instrurented for measurement of f l uc t u a t i n g  lift and pitching moment.

(3) A multi—channe l sli p—r ing em it wi ll he i ns ta l le d  over the rotor shaft
and within the 9.50 inch di emeter centerbod y for transmission of power
to an! si gnals f r e rn the instrwnented blade.
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The range of re-d uct-el fre~ uencics , , possible ct zero mean incidence with the
noted v .e r i a t  i t ;  in st i-pe r ;i:ir.le .iuieI number of inflow disturbance cycles , N ,
is shown i n  Fi gure i~ for the mid—radius I ’~ ~ t ion . Test ing at po- - i t ive incidence
it -ad s to slightly hi ghe r vilut ;; of w ,~ t ozlee-rwt? ’e identi cal c ot i d i t  ion;.. Va riations
i n  incident - c c- .ett be rxte-nde ;d into tht ’  blad~- st all t ~-eio n . ‘rite sptcc -—-ch ord rat los
to be t e : ; t e d  ; ;cart lie range from “isoli ted airfoil ” at 4.058 to “strong bl ade
ifltei ie t ion ” at 0.676.

A schema tic .hmowing t h e ’  fe’ature -~ of th e - system t b -mt will be li - e e l  to inc - b urt’
ro t o r  blade - - c at ion lem e tuc ti tip li t t and pit ch ing moment i: pre- ; ; - i t t e  ~l in Fi gnie - 15.
liii ’ iii I & i t  c rea of this svs c  em ni t - :

(1) A 1— inch span blad e se ’ g t - ; e n t  is can I lcve’red from the bi -id ’ hub at
ha - miJ— c-hord posit ic -n Icy mt’aTi;; of a beam that  has thic’ lower

portion of its 1 , - sib m a c h i n e d a~ a t toci ~ t ub& and th e - upper pc ’r t j e t ;

ot i tt ; I engt ft nachtned , : 
~ f i r e - c - cube . ~he’ e:&’n; - -r section of the

bl .slc - se - g t e ;;: It; located it the mea t r i d! tic , 7.75 inches . The torque
tube and force ; uI ’e- have been Inst ru’nc’n t el using I c  ro—I-Ica;;urement
120 coo n Foil lvpe 1- c ’c i~~inn htr ,-il n Cages.

(2) Tin.’ — inch sç -in :;e-gsn-nt is made ot ;‘i~:nesium to t-inimin e ’ s i - s  and
n ‘~ent of in; r: i a and ii; at t- n~-t u ra l  ly isde-pen dent ci !  th e re’tor blade-
except or t lie c antil eve r n, a’;: . i c c - alt~~inutti i - c i t  or par: ion c - f the
b 1ad~ ~ t t.e,’hce ’; to ;‘ - - - : on t a- aluminum hub section whIch pass the r e -ugh
slob . ft t o -  m etro’- ntcel si - Ct  ton . it ch a r - t a c o  a; 0.005 Inches
min ico ’n ha’; b c c t i  nj ’e-ci fie’et for e’ .uh v - it fop surface for the ini ti a l
measure ment at tempts . Thee mipine- ;; I on - - : r’-i; has i- ten m a- - - - — b - i l - S C  ‘d
to pr , -- lude s it-von displacement.

(3) Input ;‘ ‘;-s’r .—end s inoil tran; -;nissi,-’;; l it - a- wi.1 1 t in; from ti ro t o t -
bi do thmroem gh ~s - - -r hub to the I;-~1 low rot or ‘;la ft , dovnst ream
through the shaft to an ‘- ‘.-cr—s haf t sli p ring un it , and t l i  a out
t hire c eig le hole-s drilled in the aft support fins shown in Figure 1..

An instrument - tie’n schematic e’f the tat fC ii ’ate ’e! set—up for these tests Is shown
in Figure 16, ihe ’ re- .ci ~ ts of static and dynamic ~-~

‘hibr ,it 1on tes t S of the torque
tub~ /f e-r e~ cube se nsor a r - shown In Fi guros 37 and 38 , i- c - r e ’~ 

lve ] ’e’. Pilo t
tests of thi s system i n  the AFRF are sc! ;c-dcmlo -l for Sept - P~ r 1972. ihese tests
will be m i  tated using the 1—cycle d i ;t urb ane -c ge -rn -rat log screen and a toter

on the order ot 1 200 RPH. Thus, the frequency ‘i th which the I-lade moves
through the d is t itba nce will be on the order ‘f 20 cycles/see . Th is  frequency
£ n low c-nc-ri” hi to ,-tvceid any compile-it ions due ti c the Lonqen- t iibe/ force cube system
resonance at 178 cycles/sce.

Cal ulat ions of the estimated lift and in neat output have been ri - id e using
- ;  . the me t hod of Reference 1 for the zero mean incid ence case w i t h  a mean throughflow

velocity of ~;O ft/sec . A ‘6~ velocity variation due to  the action of the
d i t  sri- rn-c producing screens was u ~ - I  In t hese cal’ slat Ions. Thc fluctuat lag
lilt was assemmed to act. at I ’  quart or—chord point  in making the moment estimates.
This is in ,‘u-cnrd with the tb - c ry of Refere nce ’ 2. ilic re-omits of these calculations
and t 1 -  estimated ctr ‘in gage output ,-erc p re se n t e d  in the following tabul ation : 

-~~~~ -- ~~~~~~~~~ r n- --  ~~~ .-~~-- -
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No. of Disturbance ~ 
/.ij Estimated Strain I~M I Estimated Strain

Cyc le ’;; Gape’ Output I~ue’ Gage Output Due
to J AI. f to IAM I

oz. volts in.—oz . volts

1 0.276 ].2b5 0.151 1.889 0.106
3 0.821 0.8lti 0.097 1.232 0.069
6 1.642 (1.592 0.070 0.897 0.050

The 1 ~-v~- h of thi s output voltage - is I .ergt- enoug h for accurate measurement

Wh~-o the ’ t e s t S  cic~~e i - fbi -,! above have been compl ete-el and th e- validity of the
tO St i c - t i l ts  tins be’t’n c le t e r ; ; l ne ’ c l , the t i - i .  of sc i- .c;r ing the chordulse distribution
of u ; i s t c idv d i f to r c - ,;t m l  ps -a ,::a- on t il e - rotor will i ce- initiated. Prelir : i ;oiry

c- st of this system and I , - neil ; -  ci the ~;; - t ~l1at ion have’ bc-en complet e’ei

However , these te’;;t s a r c - being held i t ; ,il ’e-v ~il ne’e unt ii results fr - tn the f ’ r e
and moan-ict measurement t i  - t a  l iv e - be-~-n obta ined.

SUMMARY

A ~ie  - - i-~ pt I an - - t e e  ORL :\x m l  Fl c-i.’ Pm-sear ch Fan has been pr c - ed . This
f .z e i I i ty  he -~- , n ~- operil : ioral in t , inui tv  1 c 1~~2 , liii’ fa c fli: v w as de ;1b’;ie -d speci—
f icall y : -  p rovide- a c:- . e b i hitv for detailed rn -c - i t c h  w hich will inc t In.-

re- o p -s. e et C cIX i al I lu -i t,ic!— —~ ichi ‘~‘ry blade ‘ ements and/or hi ,51o ia~ c ; to u n s t e a dy
f i c ’.: of t lit ’ type encoun t e r ;  -~ ifl i O u  t ic- c. 1hii ~ • i t  prov ide- s a unique capabil it \’
for the generat ic’S 0! desi gn dat a and for pt;e ’n~~inc- i io l  Ogi c a l  : 1  tidIes w hose re - t u l  ts
can be used to ev.i tic t e the ade~ uacv - 2  thie’ol ’ ’’t ical r,’ele-ls of these flows .

The i- c- p o rt elso m d c i ! c i  d c - c c r i p t  l e lin of the i i - ; t re~ entntion used in the
sha ke - I ’;-- ;; t e- ; t r-!,ase and ti ;’ r~-sul t - - of il; , shakedown tes t  , In addition .
c e ’ r z - n sps - c i a l i , - * - .i f a c i l i t - . C - S I c - ; ;  i t s  and t i ’ ; - t  j ’ t c ’~~1’ :1ins are de - - cr il-e-d in
detail. The-se ir;Cl~~~Ie ’ t h e’ Ii m at c - s t  rotor , the f low disc c ir l - ce c e generating
grids , and the test program t o  measure unsteady lift and n - n c - n ’ on a rotor
blade’ segment.

H
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