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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

THE LANGLEY TRANSONIC DYNAMICS TUNNEL

by Staff of the AeroelasticityBranch

INTRODUCTION -.

The Langley transonic dynamics tunnel was designed to fill the need for
a transonic wind tunnel capable of testing dynamic models of a size large
enough to allow simulation of important strUctural properties of aircraft or
spacecraft. Aeroelastic research conducted in this facility includes the
study of flutter, aerodynamic loads, and input response. The wind tunnel is
a continuous-flow tunnel which operates from Mach numbers near Oto 1. 20 at
pressures ranging from about 0.2 psia to atmospheric pressure 'Wi.thin the
limitsshowin figure I ·for the tunnel empty condition. .Either air or
Freon-12 is used as a test medium. Freon-l2(dichlorodifluoromethane) is a
heavy gas with a low speed of sound. It has advantages Over air in aero
elastic research such as making possible less difficult model construction,

_. -of'~'s'impliry:rri'g"--"dat'a- --re'ad'~olit"b-ecaiis e"' -or···-s16.wer·--ti·me····sfcBJ...:e·~'·_· ,'of'"- perm"t"ting.-- .~ -- _- .
closer simulation of Froude number, and of higher Reynolds numbers for a
given amount of drive motor power. More detailed information on Freon-12
properties and computing procedures applying to its use is given in Appendix I.
The use of Freon-12 asa test medium is discussed in referencesl"'4. The
tunnel is located at building 648, on the corner of Dodd Boulevard and Mathis
Road, in the east area of Langley Air Force Base, Hampton, Virginia.

DESCRIPTION

The major elements of the Langley transonic dynaIllics tunnel, as shown in
figures 2 and 3, are the pressure-tight steel shell, electric motor drive
system, cooling system, gas-handling systexn,tunnel control room and obser
vation chamber, transonic test section, and model calibration laboratory.

The drive system consists of a two-speed range wound-rotor induction
motor directly connected to a single stage fan, adjustable prerotation and
stator vanes, and motor speed control system. The ran speed ranges are about
15 to 235. rps for operation in Freon-12 and 15 to 470 rps for operation in air.
Motor speed is automatically controlled by the use or a liquid rheostat and
eddy current brake to better than ±l/4 percent. In each speed range the
maximum shaft output is 20, OOO-horsepower continuousrating~Testsection

Mach number, which depends on compression ratio ac:i:"OSS the fan, is controlled



by varying the: motor rpm and/or remotely varying the angle of prerotation
vanes located "."!:lead of the fan. Amore detailed description of the drive
system is given in Appen~ix II.

. The tunnel cooling system consists of a cooling tower, pumps, and a
two-row, vertical-finned tube cooler across the \dnd stream. (fig. 2), through

.which water is circulated to maintain a test section stagnation temperature
of less than 1400 Fahrenheit. Representative tunnel stagnation temperature
variation \dth power is shown in figure 4.

A large capacity pumping and gas separating system is used to vary tunnel
pressure and ch~ge test medium. Valves are loca.ted upstream and downstream
of the test section, as shown in figure 2, which may be closed to isolate tJ:?e
test section and surrounding chamber, thereby permitting more rapid access to
the model by reducing the volUme.of gas which .must. be· handled. Average- times
for performing these operations are shown in Table I. It should be noted that
these gas~hand1ing operations can extend testing time considerably for progre.:ms
requiring frequent model adjustments. A typical flutter run,for example, may
take two to four hours overall time when Freon-12 is used and tunnel access. is
required between runs.

The test section and surrounding 6O-foot-diametertest chamber are sho~.,.'Il
in figures 2,)" 5, and. 6. The test section is about 16-feet square with
filleted corners, giving a nominal cross-sectional area of 248 square feet.
The ratio of area cOI;l.traction of the entrance section is 8.9;1. . The test
section has. a fairly uniform flow region whicnvaries in length from abo~t
30 feet at.the lower subsoD.:i.c Mach numbers to about 10 feet at the highest
Mach numbers. Through this. region the centerline Mach number variation is,
at mo.st,about.±0.Ol4 above Mach 1.0 and isgenerallylessthan± 0.005 below
Mach 1.0. A description ot flow characteristics and calibrations 'isgiven in
Appendix III. Transonic flow is generated qy. means of three slots in both
the ceiling and the floor of the test section giving an open area of 2.1
percent in'thE!.testregion.Toalleviatemodel blockage effects, tvoshort
auxiliary slots 'are located .on eacb of the two sidewaJ,ls giving an additi.onal
2.3 percent open area. Tunnel wall corrections based on methods of reference 5
for the average model in this test section are small and are usually disre
garded. Correction factors to the measured stagnation and static pressures
are also relatively small and are usually not applied (see Appendix III).
Double-hinged diffuser flaps across the width of the test section at the
downstream ends Of the slots in both the floor and the ceiling control flow
reentry.. T.ije lower slots maybe. closed along the downstream 20 feet of their
length when work on a model is in progress to prevent personnel from stepping
through. For model and equipment installation a section of the test section
floor, 12 x 35 feet in size, may be lowered as an elevator to the level of
the second floor shop. .A 6.4 x 14-foot hatchgives entrance through the
tunnel shell. .To facilitate. handling of beavy equipment and models, a 6-ton
cr8.!le is provided in the test chamber above the test section.

. . ...

A device has been provided to quickly reduce the test section Mach
number and dyn811d.c •pressure. This device consists of four. quiclt-opening
valves located in bwPass,lines which connect the test chamber and the tunnel
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return leg downstream of the,~i:ve motor nacelle (figs. 2 and 3). Information
on the reduction to be expected is givenin.A.ppendix III.

All tunnel controls are mounted in a 32-foot-long, 15-foot-diameter
controlrool1l :Lo~ated.v.i.thin thetestcha.mberldong~idethete~:tsection
(fig. 2).. The control room 'is 90nnected to the 'ljhirdf:Lporof.the1:>1J:ilding by
a corridpr:f;UlQ. r~ns. at atmospl;leri() pressure. DuTing> tests the model
contro:Lsand:i.~t,rUmEmt~tion"are located in th.e control,:roomo:r:i.n ,the ,data
instrume~troomonthethirdfloor.,A floor plan of the:controlroom,~awn

"to the,scaleindi()ated,~sgiven infigure'('to facilitate,instrumen'lj
locati,Qn~:Lf;UlIli:qg: ,Direct ,visual observati()n.ofthemQq:~':f:rom ~e. control
room, ispr6'lTided f:romthe side by eleven wind.0Vl13,·e~chlSx24 inches, .from
a 3/4 front, ,position. by a l2-inch-diameterv.i.ndow, •• andfroma: 7/Srear view
by., a sm:a.ll, obseJ;'VatiQn dome projecting into the airstreamjus'ljforward of
thedoymstreamisol~tionva.lve.,

To PElrmitm6vi.ephotography, the test ,section bas 60 kilowatts ,of built
in lighting to provide up to 600 foot-eandles.o:f:i:Llu.mi~tion:f:romthe.front,
rear, and., side in the .volume occupied by the ,usuEl.1.model.,Severall6mm
cameras using 400-foot reels are available for taking mQviesatsevera.1: .frame
rates from 24 'to 400 frames per second. SpeciaJ.izedcameras can be' made
available when required. . "

AIRSTREAM OSCILLATOR SYSTEM

. ' ,

A si.Inulatedgustfield may be applied to the test 'sec'lj:i.on:f::l;owj.nthe
form of ,a sinusoidSJ. os,ciUation of the flow direction. ,.,Th.isosci,llating
flow" is' gene;.ated by a 'biplane arrangement of vanesone:i.tp:E9rE3ic1e' pfthe
entrancesectionasshoVlIl.in figures 2 and S.Frequency is,V'!1riable:f:romoO
to 20 cps,andthe:two 13ides may be 9perated either in phase or up to 180
out of pl;lase.: Va.rie~litude is manually adjustable (va.lles,notoperatiIl.g)
from 00t~12°. The operation of the vanes is power1.i.1Dited such that at
20 'cpstheIDB.XilIIUIIl.tunneI dynamic pressure is about 60 psf .for 1:20 vane
angle .anda.Qout350 :ps.ffor 30 vane angle. The variation of gtlst char,'ac
teri13tics, wi,;thfrequency and position is discussed in Appendix III.· In
general, ,more specific information on airstream. inputsforagivengu.st
research p:rqgramwill be obtained from measurements during the investigation
at applicable'jjestco,nditions. More detailed information about the use o.f the
system is also given in ,reference 6.
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MODEL SUPPORT SYSTEMS

The :..devarit':"'Cyofmadelconfigurations which have been investigated in
this wine.. ~unnel has required the use of numerous different support systems
to meet the speciilreqtii.rements of each, model. ,Several of ,the most frequently
used systemsEli'e described ,in the followingl'aragraphs.Model confi~ations

which require support in some other manner (rods, wires, etc. )me.yalso be,
tested but approvil of the design prior to construction is required. Stress
anilysis of ill mounting systems, vhere applicable, mustbesulJmittedprior
to testing. For ill dynamic models supported ina manner which per!llits body
freedoms, a stability analysis of the model on the mount system must also be
submitted prior to ,testing. If the mounting incorporates a snubbing, system
for emergency restraint, . thifT"'condition must also ·be,.included in theanilysis.
These requirements are described in detail in a document available from this
facility"entitled "Requirements for a ,'Model Integrity Report' for Models to
be Used in the Langley Transonic Dynamics Tunnel." This model. integrity
report IlIllSt be submitted prior to construction of models and support systems
to be tested in this 1i1indtunnel.

Although not a critical consideration for many tests, support systems
and model configurations having unusually high drag characteristics will
appreciably decrease the tunnel Ma.ch number capabilities and inc.rease power
requirements. This is especially evident with bluff or cylindrical supports
and struts perp~ndicular to the windstream at supercriticil Mach numbers. .An
estimate of the decrease in Mach number to be expected below that of the
corresponding tunllelempty valve shown in fi~,esl(b) ,and l(c) may be made
from figure·9. ",This figure shows the approxima.teMachriumberdecrease, &-1,
vs. ,a~agparameter, rCnA,where r :~resents the sum ofeac:harea ~

multiplied·blthe respectJ.ve drag coeffJ.cJ.ent for all of the' obJects installea
:in: thetestsectiC:>n. . Allowance should be made, of course, for theef£ects of
wake on> those objects directly downstream of blurfbodies. The drag ParaIIleter
r ~. ,.'Whichis ·the ,sum of the drags of the various objects divided. by' dynamic

pressure,may be used instead of r C~if more 'convenient since these
parameters are equivalent. Reference 7 is a useful source of information on
drag coefficients for many kinds of objects., Several iterativ'e steps mar be
necessary to determine reasona.blevalues of dre.gcoefficients in the range
of Mach number where large variations occur. Power requirements, are increased 
over those shown in figures l(b) and l(c) at corresponding Mach number and
dynamic pressure concIitions up .to about 20 percent over the range of r CnA
shown in figure 9.

One model support system for the transonic dynamics tunnel consists of a
movable cantilevered sting, mounted on a vertical strut located dOw-nstream of
the test section (fig.10) • The sting may be traversed vertically to ma:xi.mum
displacements of 62-5/6 i:-:ches above and 64-1/6 inches below the tunnel
centerline, and may berc".,ated through an angle of attack range of' about
± 15 degrees, the center of rotation being about a fixed point in the test
section at station 71' -11.7". Streamwise and vertical displacements of tvo
points on the sting from zero angle of attack positions are shown in figure ll~
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The motion> of other .pointsli:ldng>thesting'maybedetez;ninedusing. tmsplot.
Figure 12 is>a sketch of some of the stings and mounting adapters available.
Detailed draWings, gages, and jIgs for butt taper and tlU"ee.dsand model~IIlount
details ·ca.nbe.:f.'urnfshed. .

, A rotatable plate one-inch thick by 16.47 inches in diameter is located
in the east sidewall of the test section at station 72'-O·opposite the

'controlroom,'as indicated in figure 6. . It ce.n'berotat~dbymotordrive
'GlU"oughananglerange of 90° .. Detailsof exi~tingholesin.this . plate are
shown in figure IJ~ SeIIlispanw:i.ng models, for example, maybe attached to
this plateby·bolting one. suitable lllountingbutt.

A crossbar support is available, as shoWIi in figu.re14, .Whic~ can'be
attached to the .semispansupport on one .. eIldandpivoted on the oppositewe.Il
on the· 'either'.end.·. 'This-support--proVi:des'hfgJ:r-·'a:ngi:ecapability.f()r relatively

-small sting 'mounted moclels,withintheloadre.ngeshowninfigure14~ The
high drag ,of the crossbar support, .' however;limitsfunnel>capability-,toa
maxiIlllimMachnuinber of about 0.9 and reduces maxilIlUDldynamicpressure by about
20 to 25 percent. >..." . .

A remotely;. operated turntable, shown in figure 15, is available for
installation on the tunnel floor with the center of rotation at station 57'-0.
The turntable can be rotate4 continuously in: ei"thE!r9irection through 3600 at
the rate of 250 degrees/minute. Angle is digitized for readout and recording.
The turntable is a massive steel plate, 8 feet in diameter, and is equipped
with a pneumatic system which applies pressure for ,an air bearing wb.en the
turntable '. is rotating and vacuumholddo'WIl when rotation is stopped•..'The
location6f'existiIlg.holes.intheturntable .sutfa?e is .shoWllin£igure' 16;>

.• however,.··· other 'patterns may ·be us,ed .asnecessary." .In . order to cover. the.. '.; ..
5·a/4...inchprojectionoftheturn:tableabove the tunnel £loor a fairing is
iriSt8.11edfromaboutstation45 to 69.

A two-cable.Illountirig SYfltenr{ref •. 8) for.dynaIQicmodelsOf .cOInpletfi)
airplanes>is, often 'usedin,thistunneL ··· ..··Thiss~stem· allows·· relat3;vely l.uge
amplitudes of body mO.tion. In this two-cable system, shown schematica1.l:Yin
figures 17 and 18, the model is held by two cable. loops, one extending to the
tunnel walls intheupstreaIlldir.ectionand theotlier.in th,e downstream
direction. One 10op·.lieS iria vertical plane (either .upstream or downstream)
and the other loop i.n a horizontal plane. Each cable loop passestbrough
pulleys located within the fuselage contour. '.' Theoaples ax-ekeptunder
tensionbys:tretohinga .' softspringinthe'rera-Jceble•. 'Remotely "perated
t.rimcontrol is provided in 'the model to keep it.c~nteredinthetunrJ.eland
~.s usue.llyoperatedbyasirigle "pilot"using a ,miIliatureairple.ne-wp\9
control stick. Aliftcounterbalancing.deViceWith.a lovsprin~rate and low
mass isalsoavailabl:eforusewiththe cable mount if high lift flight·
conditions need to be simulated. The deviceiscap's.bleC)fliftcount·er
balancing forces up to about 1200 lb. (seer\9f. 9) ... A snubber system is
proVidedforemergenc;yrestraint.·.··.nthoughca.ble'·conrigura~ions.vs:ry-, \lith
model .requirements, ',somer~resentativedilllenS1"ns ·a.re .•• shown i.D.rigure19.
The dyna.miccharacteristicsofthe .suspensionsysteJJlvery ·withm"del COnfigu
ration and to assure adequate stability and satiSfactory £lyingquali'ties,sn
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analysis (Fortran program. available} is required before a test program is
undertaken. Experience has also shown i tadv:i.:sable in investigations of
exper..::;ive .AAd complex dynamic and elasticlllodels, to first check out the
system with a relatively inexpensive simplified "dWJ'll]ly"model 'Which is
approximately geometrically scaled but with only the overall mass and inertia
properties. represented.

An eXaIll.pleof amounting system which provides the freedom necessary for
a simulation of free-free modes. of launch vehicles is shown schematically in

. figure 20...'This systeIll., which was used successfully in one investigation, is
described in reference 10. Briefly,itco;nsists of· a sting on<whichtbemodel
is supported through a system of cables and springs. Leaf springs support
the model, at theforwe.rd and rear. node. points through pulleys to support the
weight. The cEi.bles run outside to adjustabletorque:;springs ·whichprovide
theremailiingpart -of., the·pi·tch,a:tiffnes$".-·The·pneumatically. operat~d

, snubbers were used to restrain model motion with respect to .the sting when
necess~.Another feature is the electromagnetic shaker used to excite the
model in its elastic vibration modes in ordertodeteI"llline the aerodynamic
damping in each mode. Since mounting systems of this type are ,highly
dependent upon the particular model configuration, extensive modifications to
existingh8.1"dwarewould probably be necessary before it could be used again.

NONELECTRICAL UTILITIES FOR <MODEL

Stainless .steel tubing has .peen installed in the wind tunnel, ·terminating
near both the "sting support andthesemispanmow'lt,aildinthe calibration
lab, terniiIlElting ,near the backstqp,and may use ail", water or hydraulic fluid
to operate 'mechanisms.suchu shakers or motors in the models. Provisions are
made for routing this tubing tbroughthe tunnel control room if manual valve
control is required. Details are given in figure 21. A pump is installed for
pumping 150 gpmof t;reatedwater at approximately. 9oClr. Chilled water (about
400]')1s available th:r;oughaheat exchanger cooledby'water from a central
system~,

INSTROMENTATION,C0ImtOLS,ANDDATA ,HANDLING

Readout andrecordingequiPlllentand lIlOdel controls are normally assembled
from portable components, ,and are located :1n the tunnel control room or data
instrument room during tests. Space is provided in the shOp area adjacent to
the control room.for FmY equipment that cannpt. be placed in these rooms • .
Equipment cabinets to g()j.ntp the control room cannot be larger than 60 inches
long by.30 inches wide by.SOinches tall.

Power. available iJ;ltheco;ntrolroom includes6regulated1l5Vac
circuitse3.nd 11 unregulated 115 V ac cir.cuits(including sevennightcirouits),
with· pro'Visj,ons tor .additiona,lpower ,supplies as required. Details ·.·ofthe
power available are gj,,,en in figure 22.
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Permanent,4-conductorshielded electrical leads are installed in the
wind twmel running from the control room to points in the sting support and
near the semispan mount. The sting base contains seven 32-prong connect.ors
plus four iron-eonstantan thermocouple leads. A junction box adjacent to
the semispan mount contains 48 4-pin connectors. Details of the plugs
required to fit these connectors are shewn in figure 22. Provisions are

. available fer bringing other leads or piping into the control room from the
test .chamber by potting through utility pipes which terminate below the
control room floor.

Data readout during tests includes both tunnel operatingconditions and
model data. ·Tunnel static and stagnation pressures and stagnation temperature
are displayed continuously, and test section Mach number and dynamic pressure
are computed by an ,analog computer and displayed continuously. Instrumentation
for measuring these quantities" is'' described"'i:n' Appendix-'I; , 'l'he"di:splayed- .. ·

-tunnel conditions are automatically printed for each data, point by an IBM
tabulator (Model 419) and summary card punch (Model' 523) • In addition,
provision is made for printing and punching up to 78 manually preset digits.

Strain g~ge signals' and other outputs from the model are read out in
various ways to suit test conditions. Stliticdatamay be read. out on auto
matic, resistive, balance-type indicators and the signals can be digitized

,and printed 'on the type'Writerand card punch., For these indicators, 2,000
micro-inch/inch strain gives a full-scale reading of 2,000 co'Unts. Normally
120 ohm gages are used but other resistance gages are .permitted. Tunnel
parameters and other data ,on the punched cards are reduced bya FOrtran IV
program through a remote terminal station located in the building by the
facilities of the LRCData Reduction Center.

A lOO-tube liquid manometer (120-inches tall) is available for general
purpose static pressure measurements. Tubes are connected to' a central
patch board in the test chamber beneath the test section. The manometer is
backlighted for photographing with a K-22 camera. Manometer liquid is butyl
phthalate (sp. gr. 1. 045 at 750 F). Use of this manometer for numerical data
acqUisition purposes, however, has been almost entirely superseded by
scanivalves and machine data processing equipment. '

Methods of handling dYnamic data va:rywith the particular investigation.
Some of the specialized equipment listed in the following paragraphs is used
in data acquisition and reduction:

A Hyperion Model HI-150-59l time-eode generator-monitor generates
a precise time reference in modified NAsA 36-bit code (fig. 23) and
provides output and display for point number (000-999) and time in
hours, minutes, and seconds. As a moDi.tor it wiJ.J. demodul.ate time-

.code signals from magnetic tape (using compatible components) for
transferring to a visual time and poiIit number display and/or
search ,mode. Using generator mode and translator control unit,
point number and time may be recorded on command by the IBM data
typewriter and card punch.
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A, wide variety .of small instrumentation such as scopes,po'Wer
supplies, amplifiers, various kinds of filters, reco~ders, and other
readout instruments· can be draw as needed from an instrumentation
pool. Such equipment i.susually obtainable· on demand or is on long
term assignment to the facility.To insure availability at a
particular time, ho'Wever, a list of the specif'icitemsshould be
submitted in advance.

Specialized instruments presently available at the tunnel areas
follows:

(a) Ampex Corporation
401 Broadway
Redwood City, California 94063

Tape recorder systems:

Transports

Model,·

.. Rec/Pla"
Pla"" ....

FR 10PC

1

FR 600 FR1200

1
..

FR 1200

1

Electronics .

Dir. Dir. FM FM PDM PDM .. lirlualizers
Mode Rec. Renro. Rec. Renro Rec. Renro l7/8 7 1/2 l-~- cO

Number 11 16 13 27 2 2 8 6 16 1
chan.

(b) Boonshaft and Fuchs, Inc.
Hatboro Industrial Park
Hatboro, Pennsy1vama19040

Six No. 711analog transfer function analyzers.

(c) Technical Meas'U1"enu;tntCorporation
441 Washington Avenue
North Haven, Connecticut 06473

One CAT 400Ccompu"t;.erof .. average transients; one model COR 256
corre1ation.compu;ter;.one model 600computers..ccessoryunit. This
equipment cfPJ,beused~or,real-timec!Jinputation of statisticaJ.
quantities such as c()z,;oe1ation functions and probability density.
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(d) Flow Corporation
205 Sixth Street
Cambridge, Massachusetts 02138

Two computerized model DFAX-array constant-temperature hot-wire
anemometer systems for measuring instantaneous streamflow angles
and turbulence.

(e) Data Control Systems, Inc .
.Danbury
Connecticut 06810

One subcarrier discriminator, model GFD-5. Model GFD-5 is a
transistorized, pulse-averaging discriminator designed for use in .
Data ControlSyst'em"s UNIDAP'datasystems\ ' Interchangeable';.'plug
in tuning units and low pass filters may be selected for the
subcarrierchanneland filter characteristics desired. Bandpass
filters may be·modified to handle a constant percentage deviation
system (standard IRIG) ora. DCSconstant frequency system. The
DCS employs a constant bandwidth using five discrete channels for
each system.

(f) Hewlett-Packard Company
395 Page. Mill Road
Palo Alto, Califorma94306

OneDymec DY-6664 data acquisition system with IBM 526 card
punch. System will sequeIitiallymeasure~5data channels at
selectable (3) sampling rates. The system uses an integrating
digital voltmeter which m.easures dc voltages in five ranges
from! 0.1 volt to ± 1000 volts. In addition to voltage
measurements, direct-frequency measurements from 5 cps to 300 kc
can be made. Inaddition to the 25 data channels , 10 manually set
constants may be put into the cards bythumbwheel, switches ~ ,The
output of an IBM typewriter may also be put into the cards.

(g) A microelectronic telemetry system is available for
installation in models which require minimum size of the electrical
cable bundle.· Features of this systema:re described in reference 11.
As illustrated in the general schematic layout of figure 24, the
system receives conunandsandtransmitsdatasignalsusingasingle
1!16-inch.,;diameter coaxial cable. Power is supplied tbroughtwo
28 V dc power cables (copper-elad snubber cables maybe used for
this purpose). The system will transmtsimultaneously up to 20
channelso£ analog data £rom transducersw.i.thinthe model:. A
remotely actuated 6-positiontransducerselector allows use of up
to 120 transducers 'W1.ththe20 channelsonatime-'shared basis.
In addition, the cOa:x1al, cable is used to transmit coded gain and
offset commands to on-board signal condit::i.oning unitsineach
channel, sntchcoInfuandsto transducerse1ectorunit;operate
commancis for each ·of three trim control ,motors, and programmed
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operate commands to three variable speed motors. The outputs of
signal control and conditioriing units modulate 20 voltage
controlled FM oscillators (200 cps capability) grouped· in four
blocks of fi"e o.scillatorseach, giving a modular arrangement
such that 5, .10, 15 and 20 channels may be used as required. Each
of the four blocks is recorded on a separate tape channel. The
system provides amplific~tion to a 5-volt full-scaleou,tput for
each of four remotely selectable ra:nges of transducer input (5, 10,
25, and 50 millivolts full scale) . Transducer power is furnished
by power converters of the required voltage anQ.number· to supply
the necessary current. Current capacities.of the converters . and

. requirements of the data modulators is shown on f'igUre 24 to aid
in determiriing unit requirements. GyroinstrumEintationrequiring
ac power (such as 400.or aOO ·cycle) maybe pow~ed.by ·suitably.
matcned· 26 V':de/ao'power .. converters·. on-board or' 'else· supplied
through additional cables f'rom external power sources • 'Physical
dimensions and mass properties f'or each of' the on-board telemetry
components are given in figure 25 for modellayoutp'urposes '.

MODELS

The use of' aeroelastically and dynamically scaled models is reviewed
extensively by Regier (ref. 12) and Guyette (ref•. 1J) • These papers also
make reference to numerous treatments of similitude relationships. Several
charts in Appendix I give approximate values of compressible flow relation
ships and physical properties of atypical 95"percentmixture of Freon 12
and air for use in extimatingtunnelparameters 'in scaling models ., when this
test medium i~tobe used.

Becausf: offiow considerations ·.·and other problems of techni.que,discussed
to some extent in reference 14, it is recommended that model wing spans be. .
limited to aboutS or 9.feet for flutter models and to, about 6 feet for ~t
models • Low-speed aerodynamic-type models may be cons:i.derablyle.rger~ Body
lengths greater than about 12 feet may involve some compromises inflow .
uniformity,range of movement, and support conriguration~ Models, mounted
vertically on the turntable,as in ground wind loads investigations, Should
be limited to 14feetin·heigh~.

As ·mentioned·previously.· under Model:.·Support Systems, model integrity
requirements are defined in a dOcu:Dlent available from this facili"ti. A
model integri.tyreportIlll1,~t besubmitted befqre .construction of a:rJYmodel to
be tested in this wind tunnel. . In addition to stability analysis require
ments,this specification states that strength requirements for models vary'
with the kind· of .model.. .Nonelastic •models, mountings, . 'attachments,· .··etc. ,
should, in general,.have' amininnlm factor of safety of Jon thEiyield or 4
on the ult:i..Dultefor alLcriticalstru.cturalpar.ts/atthemost severe load
conditions. .' Screw-fastened,jointsshould .be capable of suf'ficienttorque to
provide greater holding force than maximum expected loads. No specific
strength requirements are defined for the structures of elastically end
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dynamically scaled models since stiffness and mass considerations usually
dictate the structural configuration. Such structures, however, must be
shown to have adequate strength to meet test objectives. Experienc.e has
shown tha't,failures du.~ to inadequate.e!,lgineering of coverip.g sections,
stores, nacelles, fairings, and other sometimes seemingly.miIlorparts have
caused numerous delays in the test programs and on some occasiotlstriggered
off major. !'~ilUI'es. .}for thisreasonast:roength azw.lysis .Should .be .made·of
all exte~al c0v-eringsections and other parts in contact wi,ththewindstream.
This analysis should be based upon a reasonable estimate of local d.i.fferential
pressures and should show that the part has adequate strength arid stiffness
for the.maximum test conditions (conditions of instability such as flutter
excepted). .

In addition to .strength .cotlsiderations,materialsshould be compatible
with the required tunnelenvironmental:-cond:i.tiona,. b,othduring.testing. and ...

--duringp:rocessing(Freon-air interchange). Stagnation tettlperEltures.may be
estimatedfrom.r~Fes.4and l(b) or l(c). Between runs and at the beginning
of runs,temperatures may tend to approach outd()or temperatures because of the
steel tunnel shell. DuringF:roeonprocessing,pressures in the test chamber
are usua1.lyreduqeaforshort periods o.ftime to abou.tlpsia.lnterior
spaqesshould:besuffici.entlyvented andmateI"ialssuch~sfo.amedplastics
shoUld .allow such press.ure variation w.i.thoutdamage•.... Dzoy Freon-12 vapor as
used in this tunnel generally causes no problems in the use of conventional
model materials. There may be, however, a small quantity of oil vapor ..
presentinthe.windst:reamwhenoperating with Freon. Dischargeo!,contaminates
from the model into t~e •tunnel cannot. be permitted during FreoI,loperation.
Model surfaces' should alsopermitflourescent oil flow studies where applicable.

Modelssupmitted for testing in this wi,ndtunnel should be addressed as
follows: .

Head,. Aeroelasti.city BranCA... ... .... '.
National .Aer.onauticsand.Space APmini.stration
L8.ilgleyReseuct! .C$nter . . .
Build±Iig 648, MailSt()p 340
Hampton, Virginia 23365

TelephOne !,lumber: AteaCOde 703,827-2665
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APPENDIX I

MEASUREMENT OF TUNNEL FLOW CONDITIONS

Tota1.·head pressure (H).- Total head is obtained from a tot81. head tube
located on the westside of the tunnel entrance cone on the centerline, at
station Q"and which extends about 24 inches· out from the wall. Pressure is
measured by an Idea1.-Aerosmith mercury manometer 'With an automatic tracker
linked by servo to a counter on the control room desk and digitized to .print
on the IBM tabulator and. card punch. The manometer has a range of 0 to 2200 ps=-.
Absolute accuracy usually is ± O. 5 psf• Relative accuracy of the ins trument
after correcting for 'Wind-ofCzerQ.._sbir.t~ii:L.about.-± 0 •.;3 ..psf' ....-. The pressure
reading is displayed, punched, and printed toO.lpsf. .

Static pressure (p).- The static pressure is picked up in the test chamber.
It is measured with instruments identical to those used for total head.

. .

Differential pressure (H-P). - Two other Idea1.-Aerosmith m.ercUry manometers
similar to that described under "total head pressure" are connected to alternate
total head and static pressure sources. The outputs of' these manometers are
interconnected to display and read out diff'erential pressure (H-PYas described
above•. For very small values of' differential pressure, a liquid (such as
water) micromanometer can be connected to an alternate total head tlibeand
static orifice. Accuracy is about 0.05 psf and. range of' differential pressure
is up to 115 psf. This manometer is manually read and logged.

Stagnatiot;l. temperature (Tt ). - The stagnation temperature is measured 'With
thermocouples located between the turning vanes a few feet dovmstreamor the
tunnel cooling coil. The cooling coil is divided into six banks 'With the flow
of water to each bank adjusted to ~ntain reasonably unif'orm temperature
across the span of the coil. Behind each bank is a thermocouple originally
installed to balance the coil. These thermocouples read out individually by
means of a selector switch to a Honeywell-Brown indicator. A thermocouple
indicating an average value is selected. An accuracy of about ± 2CFis
expected for average stagnation temperature. A digitizer connected to this
instrument permits recording temperature from the selected thermocouple on the
IBM tabulator and punch. In addition to these six thermocouples, there are
four more thermocouples located behind the cooling coil whose average signil
is indicated on a Swartwout meter (located on the upper part of' the control
room desk) and. used to automatically control tunnel temperature.

Freon puritz(X). - Freon purlty is obtained by measurit;l.g the oxygen
content of the gas mixture and assuming that the mixture is comprised only of
air containit;l.g 2O-percentoxygen by volume and of Freon. A Beckman Model F3
oxygen a nalyzer measures the amount of oxygen. The zero oxygen point is
adjusted by passing pure Freon through the meter. The meter, which operates
at atmospheric pressure, is supplied with the sample gas mixture by 2 two-stage
diap:bragm-typepumps which do not contaminate the sample and which operate at
tunnel pressures as low as 70 psf. Air in-leakage to the system amounts to
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2 percent at 500 psf and 4 percent at 70 psf. At low pressures the zero
oxygen point is adjusted to compensate for this in-leakage. The tunnel gas is
sampled a few feet downstream of the test section butterfly valve. Freon
purity .can be read to 0.1 percent by volume.

Mach-q Meter

Input. - Because of the dependence of both Mach number and dynamic
pressure on four measured variables, H, P, Tt and X, it was nec.essary to
constructe. computer to provide a running check on M andq during operation
of the tunnel. The computer is an analog device into which are fed electrical.
signals proportional to the measured variables. Since it has been found
impractical to connect the Beckman instrument directly to the computer to
provide a continuous signal of . X f'oI"" ..obtaintng.. ·· '")'";"a -value of y is

. --inserted into the computer manually. .

Computer operation. - The computer contains circmts to add, subtract,
multiply, and divide, plus three diode function generators. One generator
produces a signal of. M as a function of H::f. fora constant Y' value of
1.01 with the curve divided into 30 straight ¥ine elements. The other two
generators insert corrections to the M. signal as a function of .2
(Yt - 1.01). Dynamic pressure is computed as the product of !M P.
si~fs of M and q are transmitted for display in the <contro1

2
room and

are digitized 'fortheIBM data recording system.

Accuracy. - Wi thin the pressurE! range from Q. 5 ·psia to 14.7 psia and Mach
number range from 0.3 to 1.4 the qomputerwas designed to be accurate within
0.002 in Mach number and one percent in dynamic pressure. Calibration
indicates errors in q as much as ± 1 psfwhen H is below 100psf and
± 3 psf when H is above 1000 psf. Below Mach 0.3, sizable errors occur
because a linear relation between H- P andMwas assumed in the circmt
design. H

For true M values of 0.10, and 0.20 and 0.25, computerM v~ues are
0.03, 0.135, and 0.21, respectively. Since qis a function of M, errors
in q are about double the errors in Mach number.

For most tests using Freon a constant value of Y' =1.14 can. be used in
the Mach-q meter with negligible errors ; for values of X above 0.80, maximum
error will bet O. 8 percent in q.
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Estimation ·of Flow Charaoteristios

Air. - Sinoe . flow quantities .. for air are readily estimated from available
tables and charts in TR 1135 (ref. 15), these will not be given here.
Figure 26 showing the variation of Reynolds number per unit length with Maoh
number is given, however, to cover the range of tunnel oonditions in somewhat
more detail than that given in chart 25 of reference 15.

Freon-air .mixture. - Flow quantities for a ·.9S-perceni:;Freon..B.1r mixture,
which is representative of that used in many tests, maY be ~s:timatedfor

purposes such as model scaling from the following ch~ts;

Compressible flow relations: f,!..., l2...,Sl vs. M (fig. 27)
. " H Tt Pt H-

Speed of sound VB. temperature for various values ofP (fig. 28)'

Mass density vs. pressure for various values of T(fig. 29)

Absolute viscosityvs. temperature (fig. 30)

Reynolds number per unit length vs. Mach number (fig. 31)

EquationS for Flow Characteristics

Air.- Equations'forcomputiilg various flow quantities in the testseotion
are obtainedfromrefer~ncelS•. Consistent witb TR 1135, the valu~ of y
employed is 1.400 and the value of the Bas constant R i~17l6 ft /se02 OR.
Absolute zero is considered to be - 460 F. .

Air-Freon mixtures .... In deriving working equations for air-Freon mixtures,
it is presumed that Freon purity is always greater than 80 percent by-volume.
Equations which haV'e beensimpllfied are not necessarily accurate at lower
purities •. R-efereIice16v8.s· used in deriving equations for the ratio of
specific heat,speedof sound" density, and viscosity.

Ratio .of specific heat. y. - In reference 16, equations of. state for the
gas mixture were obtained from section 3, chapter 3, bY' J .. A. Beattie. Values
ofCp and Cv as a function of temperature and pressure were obtained from
references 17 and 18. The rather complicated equation derived was simplified
(with a curve fitting accuracy of 0.1 percent) to the following expression:
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y =1.4003 - 0.0961: + (0.1183)10-3p -(0.5197)10-3T

- (0.3919)10.;.6pT + (0.3579)10-6T2 + (0.33S0)10-9pT2 (A-1)



(A-2)

where

Y' = ratio of specific heats

x =Freon purity,fraction by volume

P =static press~e, psf

T =static temperature, °R(460 + of)

Speed of sound, a. - The Spe13d of sound of the gas mixture is obtained
from the fundamente.1expression:

a.2 =K .9f.
dp

Pressure, P, is obtained in terms of p from equation of state of gas
mixture and an equation for a derived. This equation has been simpli:fied
(within O. 2-percent accuracy) to: I

a = 522.7 + O.6434T - O.2187XT - 415.7X

l64.0X2 + (3.24 + 0.02584XT - O.OOJ87T ~ l8.45X]lO-Jp

where a is speed of sound in fee·t per second and X, P, andT have the
same definition and units as in the Y' equation•

. Mass density. e . - The density of the gas mixture is obtained directly
from the equation of state for the gas mixture. Simplifying the equation ..
(within O.l-percent accuracy) results in:

p = __---=:----:-_-..(,;.,0.~3~1..50:;"..;,+...:X::.l)o:.P _

540. 70T~· - (- 0.02908 + 0.01066X + ¥) (10-3)P]
(A-3)

where ;p is in slugs per cubic foot.

Viscosity, u..- The equation for viscosity was obtained by using methods
, outlined in reference 16, section D,"Thermodynamics and Physics of Matter. "

The general equations of 'viscosity were obtained and values of viscosity for
pure Freon were obtained from Kinetic Chemicals, Inc., work published in
reference 19. The final equation for viscosity is:

~ = (1.. 557)l0-8r?32•8':' O. l035T + ~(298.J. - 0.0908Tl]il/2

l21l. 7 - 0.ll3T + 1 : X (464.8 - 0.224T) •

(A-4)

17



where IJ. is inunits oflb sec/ft2.

Since this equation was derived, a more exact method for obtaining viscosity
has been developed in reference 20. Agreement appears to be good between the
two methods for the range ofihterest of this tunnel.

Calculation of Tunnel Parameters

Recorded values

H

p

Reduced values

y

M

q

p

a

v

Quantity

Total head pressure, lb/ft2

Static 'pressure,' lb/rt2

Stagnation temperature, OF

Freonpurity, 'fraction

Representative length, ft

Quantity

~tio of specific heats

Mach riumber

Dynamic pressure, lb/ft2

Mass density, slugs/em f't

Decimals

0000.0

0000.0

000.0

0.000

0.000

Decimals

0.000

0.0000

000.00

0.000000

0000.00

0000.00

0.0000000000

0000000.

Eguations.- Standard Data Reduction equations for air should be used
where applicable. Equations (A-5), (A-6), and (A-7) should be used for either
air or Freon data. Equations, (A-8) through (A-17)are presented primarily for
tl:1e reduction of data ob.tainf3d in Freon,. 'Notetha~ the number of figures
following the decimal point is given ,Where important. When pressure' data are
measured in terms of (H-P) and Prather thanH ,and P, use equations (A-18)
and (A-19) to obtain H and P, then proceed by usual steps. Small differences
exist between H and P values witil wind-off due to instrument error• An
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arbitrary assumption is made tha.t the error exists in Pand the following
equa.tion results:

!J.P = Hwindoff - Pwind off (Use initial zero for each group.) (A-5)

PI = P +b.P

Stagnation temperature, oR

)

0012:18 (

=~(:1 :1 to 4 dec., T
1

to 3 dec.)

(A-6)

(A-7)

"(2 =104003- 0.096X + (0.1183)10-3 PI - (0.5197)10-3 T1

-(0.3919)10-6 P1T1 + (0.3579)10-6 T1
2 + (0.3350)10-9 PIT1

2

(A-9)

(

'Y' -1
..L. to 4 dec.,

'Y'2
(A-IO)

To obtain the desired accuracy in the following equations, "(2 and T2
should be carried to4 decimal places and 3 decimal places, respectiveIy.

(A-ll)
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(qto 2 dec.) (A-12)

a =522.7 + O.6434T
2

... O.21S7XT2 ~ 415.?X + l64.. 0X2

(a to 2 dec.)

. (A-13)

V =Ma (v to 2 dec.) (A-14)

(0.3150 +X)P
1

P =----""::.--~-------=--------
540.?OT2~ - (- 0.0290S + 0.01066X + 13T~5 )(10-'3)plJ

(p to 6 dec.) (A-IS)

_S[33.2.S - .0.1035T2 .+ 1:. X (29S.1 .- 0.09
0

.S.T..2... )j .1/2
.11 = (1. 557)10 . X .. . " T2211. 7 - 0.1l3T2 + - (464. S - 0.224T2")

1-X .
(A-16)

(~ to 4 significant figures) (A-1?)

When (H-P) is measured as one quantity:

(H-P) corr. = (H-P) wind on - (H-P)wind off

"When measured quantity is in psf.

(H-P) =K(counter reading). corr.

"When 1 count = 0.01 mm on micromanometer.

20
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Manometer fluid
Distilled water at 20°C
Butyl phthalate at 20°C

H= (H-P) + P
corr.

K
0.0020423
0.0021409

(A-19)
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APPENDIX II

TUNNEL DRIVE

'20,000

100

I
- - - -14000

; I~
I
I
I

70

(linear)

Percen~ max. rpm

10

Motor performance.- The wound rotor induction motor was designed to be
. operated over a low speed range of 23 to 235 rpm and a high speed range of 47
to 470 rpm and deliver 20,000 hp at the top rpm in ·each range. The motor w"ill
operate at speeds somewhat lower than these minimum values, but below 70 rpm oil
lift pumps which rals e the motor and fan shafts off the bearing surfaces are
required to provide a lubrication film. The lift pump system was not designed
for continuous use and overheating. can limit run duration at low rpm' s. Motor
speed with Freon in the·tunnel is limited,· to the lO'l.rra.nge-··becaus·e··of-possible
fan stall. The maximum design power available throughout the speed range is
shown on the curve at the right. The
motor is also capable of overload opera-
tion, within carefully controlled limits,
as will be discussed in the next para-
graph. An additional limitation is
overheating of the electrolyte in the
liquid rheostat (see diagram. under speed
control) for power conditions near 50 to
65 percent maximum rpm where a consider- (cubic)
able percentage of. the total energy is
expended in the rheostat. The maximum
allowable electrolyte temperature of
800 0 can be momtored only in the
electrical control room. Lowering the
temperature of the cooling water sump
in advance of such runs will consider
ably delay excessive temperature rise in the liquid rheostat. The cooling
water sump temperature, however, must be coordinated with Freon processing
operations.

The Electrical Syst~ Division established the following maximum limits
for overload operation of the main drive motor:

Stator current 2.350 amp
Rotor current 1.650 amp
Stator and rotor temperatures 2.30~
(220~ limit recommended to allow for overshoot)

These currents and temperatures read out only in the electrical control room
and during such operations must be constantly monitored by the electrician in
charge. Operation at overpower may be time-limited because of heating and
must be terminated iIlimediate1y upon the electrician's request since temperature

. rise can be quite rapid at maximum. current conditions. Operation above rated
power. may considerably decrease the life of the main drive motor; therefore,
such operation is not recommended· as a regular practice.. Running time above
~ated power should be kept to a minimum."'
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Speedcontrol.- The motor speed control is illustrated in the following
block diagram:

Motor

tachometer

A

Preset Eddy
Regulator current Motor .-....

control brake 0
'tl·· _'f' ,'. ............

l
Brake Liquid

current rheostat
meter

The preset rpm control signal is compared by the regulator 'With a feed
back signal from the motor tachometer. If it differs, the controller causes
the eddy 'current brake to extract either more or less energy and thus change
rpm. If the brake current· goes beyond specified upper and lower·limits,the
liquid rheostat setting automatically changes to provide a coarse incremental
change in motori'pni.. The nominal brake currentsettingissurficient to
maintain rpm to ±.O. 25 percent. In order to provide reasonably fast response,
the control system is not highly damped; as a result the rpm tends to over
shootthe:set point by as much as one percent but settles out in one cycle•.
If an overshoot in test section Mach number cannot be toJ.erated (i.e.,
criticaJ.flutter tests) the motor speed control can be used to arrive at a
condition. just below the desired vaJ.ueand thentheprer()tationvane angle
decreased to get on point. Motor speeds slightly higher than the design
maximum. speeds will actuate the overspeedcontrol which 'Will automatically
"kickdown" the motor speed to a lower value.
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APPENDIX III

TUNNEL CALIBRATION

Mach number distribution.~ Static pressures were measured at intervals,
longitudinally along the sidewalls, the top, and at the centerline throughout
the length of the test regionahd beyond. Typical :distributions of static
pressure, in terms of local Mach numbers, are shown in figure 32 :for the top,
centerline, and :for the sidewalls. Reference Ma.ch,numbe:rs. based on test chamber
static pressure are also note9-. Comparing the longitudinal distributions :for

· the centerline and the sidewalls at corresponding Mach numbers, :for air, shows
the difference to "be- generdly-s:maJ:l-(o:f··the·~ordElr·o:fthe accuracy of the.
$lata), indicating the probability of satis:factory uni:foTmty'across the
stream. . Although no .centerline pressures were measured where Freon was used,
it is presumed that di:fferences ·of the same order would .also exist.
Distributions :for the top were about the same as those sh,own for the sidewalls.

Figure 33 shows maximum variations of local Mach numbers from average
values,over the length :frOm. station 64 :feet. to 78 feet :for the typical
distributions shown in :figure 32. For the 14-foot length considered,
variations of the local Mach number from average values are generally less
than ± O~005 for Mach numbers below 1.0 and not greater than± 0.014 in the
worst rang.e around M = 1.15. The average value of Mach number depends,o:f
course, on the location and length considered; thus, variations smaller than
those show,n in figure 33 are possible.·Tbe variatio~shownmayre:flect

Mach number .. inaccuraciesin data,.. redu,ction of as DlIlch as ± O~OOl,andalso
unlm.own inaccuracies due to a numbe:r o:fpossible manometeref:fects,locaJ.

· shocks, etc. An e:f:forthasbeenma9-e,however, toelilllinate obviously
questionab~e points from the dataJlsed.inpreparingfigures 32 and 33.

Tbe deviation :from a reference Mach num'ber o:f theabove-mentioned average
values o:f.Mach number between statio~·64 feet and 7.8 feet is shown in

.. figure 34. The reference ~ch number is based on test chamber static pressure
· asmeasl1redbythe Ides;L manometer. This figure shows the. average Mach
· number to be slightly lower than the reference Mach number. .These curves were,
· however, faired near the extreme values of plott~d data having considerable
· scatter, indicating uncertainties in the average Mach numbers (and possibly
· to some degree in the reference Mach numbers) from the values shown to
slightly positive values. This region of scatter is indicated by cross-

· hatching on figure 34. In view of the scatter of these data and the relatively
· small magnitude of the deviation, no correction factor is applied for the usuaJ.
test. For additional accuracy, however, reduction of the reference Mach number

· by about 1/2 percent would probably be a reasonable correction. .

Figure 32 also shows the effect of having too large a reentry flap opening
at subsoni.c Mach numbers. The. gradient in Mach number between stations 68 and
SO, indicated for the M =0.673 distribution, is typical of a number of
measurements and observations of the manometer, when the flaps were opened

: appreciably more than the amount recommended. .
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Wall boundary layer survey. - Surveys of the boundary layer profiles at
station 69.5 feet on the center of the east sidewall of the test section were
made for a few conditions with air. and with' Freon-12 as a test medium.
Representative results of these surveys ,are shown in figures 35 and 36 to
indicate the approximate extent of the boundary layer.

Turbulence.- A preliminary survey of tunnel turbulence at one'station on
the tunnel centerline using a hot-wire anemometer was made for one tunnel
pressure using Freon-12 as a test medium. Figure 37 shows the results expressed

as .JUJ-/U vs. Mach number; where J;.2' is the root-mean square of thelongi

tudinal velocity fluctuation and U is the average velocity. Theseresults
indicate a "medium" level of turbulence compared with some other wind tunnels.

Bypass valve operation..- Figur.e.3S shows. the. change in Mach number and
-, dynamic pressure resulting from operation of the bypass valves. 'Curves shown

for 2, 3, and 4 valves were not well defined qy. data points and for parts of
the Mach number range are estimated values • There is some aJIlount of scatter
in the data anyway; therefore, it is felt that the estimates are consistent with
the data and sufficiently accurate for the intended purpose. There also seemed
to be no consistent difference between air and Freon operation. Time history
measurements of Mach number and dynamic pressure decrease with operation of
the valves showed that about SO percent of the total decrease occurs in about
3 seconds and about 99 percent of the final value is reached in 10 seconds.
Measurements made at a station upstreaJll of the slots indicate 11ttle change in
Mach number and dynamic pressure at this station with operation of the bypass
valves.

Airstream oscillator characteristics.- The aerodynamic effect· of the
oscillating vanes on the test section flow resultsfromcross-streaJll flow
components induced by the trailing vortices from the vane tips. .These vortices
extend downstreaJll through the test section (near the sidewalls) as rather
discrete vortex cores. These vortices alternate in sign as the vanes OSCillate,
and the system passes downstreaJll through the test section with a spacing
(wavelength) depending upon the frequency and the streaJll velocity ~" . When the
vanes are "in sync" the principal oscillating component over the middle portion
of the airstream is directed vertically. If the vanes are "out of sync" both
lateral and vertical components produce a kind of rolling gust about the
tunnel centerline.

Surveys have been made at onestreamwise station in the test section at
positions over the .center portion of the stream from· the eenterlineto Sfeet
in a horizontal direction and to 4 feet in a vertical direction. Both hot
wire anemometers and fast-response pressure probes have been used to measure
the oscillating flow components in terms of variation in stream angle.
Complete surveys have not yet been obtained for all test conditiona and
positions of interest because of the large nu.mber of variables involved and
difficulties in test techniques and data reduction. Data. shown in figures 39
and 40 are, "however, thought to be representative for purposes of program
planning. It is expected that for any new gust program, additional surveys
will be made at coIlditioD$applicableto the particular investigation.
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For the vanes on the two sides syncbroPized, the variation 9f." magnitUde
of the vertical amplitude of oscillation across the stream at centerline
height out to spa.n,,~se dist,ances of 40 inches on either side of the centerline
is shown inf."igure 39(a) for several values of; the frequency parameterw/V
('Where w is the frequency and V . the stream velocity). Figure J9(d) gives
the amplitudes at two span'Wise stations at vertical distances up to 16 inches
ffom the. center. The cause of the large variation in amplitude across the
stream and the difference in character of the two sides shown.; in figure 39(a)
is 'not understood at this time. It is presumed that withthj.s obviously
complicated' flow field, consid~rableeffort.will be required for. a 'better
understanding of this phenomenon. The distribution is felt to be usable for
gust response studies,however, and analytical procedures for accounting for
this. variation are thought· to be adequate. Since the variation in amplitude
becomes much greater beyond the rangesho'WD., it is thought advisable to
limit .inodeL.wing 'semispans_ .for_;gust:'.TesponS.e..atlldJ.~s-to",about··.·'t:Jlreefeet at
this time. .' ..

Figure '39(b) shows that the variation in phase acrOss the stream is very
smallup·to;'l.I/Vof 'about·0.20blitbecomes quite ;largeatw/Vvalues above·
about 0 .40. .. Some of the irregu.laritysho'WD.inthis f:igure, however, .:maybe
dueto.data r.eduction techniques. The complication of large 'phase. variations
atthehighervaluesofw/Vmight perhaps be avoided by limiting the range
of test conditions sincevSl.uesof. amplitudeatthese.highervaluesof w/V
aresos1DS.lLastobe of questionableus.efulness.1unPlitude and phase
measurements at;higherMach numbers·were made insome'What less detail and with
less satisfactory data reduction techniques. ,.Thes.e .data"'.indicate, . however,
that at Mach numbers up to aboutO. 80 the characteristics are similar to those
shown in figure 39 with perhaps a slight decrease in the average amplitude
with increa$ingMachnumberat the .low:~rvalu~sQf .w/V. .SoDl.ewhatincomplete
dataat M.::l.lsuggestamoreuniformspanWisevariationbutwi.th lower
average amplitudes.

Theaverage.amplitudesshownin figure 39(c)weremeasuredatM =0.22
in Freon-.;l2 and·thus.were ata;relativelilowvelocity. . !J.'.tl9 ," frequencies
represented in the range of w/Vshownwere below about 9 Hz. Some evidence
of sharply tuned resonance· effects have been .observed ..at frequencies. of .about
14 Hz during some other runs at .higherMachnumb~rs. .Although these effects
have. not been fully explored at this time"itisthoughtthat.frequencies in
this resonance range should probably be avoided in gust response investigations.

.' , " 0
Surveys shown in figure 39 are for an oBcillator· vanee.ngle .of about ± 6 ,

Limited surveys at vane angles 'of ±'3° and±9° indicate that vertical . .
amplitUdes of oscillation are roughly proportional to vane angle;but that there
are slight differences in the sPan'Wisedistriblitions. Adjustment of the vane
angleis,ofcourse, a useful tneansofvaryinginputexcitation tosult the
degree of response. desired. .

Surveys.hav.ealso been made 'With the vanes. out of synchronization to see
if a usable rolling gust is generated. Typicalcharacteristicsareshown1n
figure ·iJJofthe<horizontal and vertical components of'·gust angle f'orone
value ofw/Vwiththevanesl800 out of synchronization with a vane angle
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off 60
. The vector diagram in the center of the figure illustrates

schematically the idea of· the rolling gust. The plot on the left shows the
variation in components 'Withverticaldistance from the ceaterline while the
plot on the right shows the variation 'With horizontal distance.
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TARLE I.- LENGTH OF TIME REQUIRED TO PERFORll VARIOUS PlAlPIN6 OPERATIONS UII0ER NORMAL CONDITIONS.

AIR IN fUNNEL

(a) C'Dnvert tunnel ('lC~ludes (b) Start tunriel after (c) Make ent,~·totest

test chamber) frail Freon model change completed. SB~t i on a f hr tunnel
to air at atmo&pher ic shutdown.
pressure.

Ini t ill tunnel time rlq'd. Tunnel 'total Time req'd. runnel IOld·~i~
total pressure (hr)

pr~=:~;e (minI pressure (min)
,"~f ~l

2100 -- 2100 15 <",'. ! 15
2000 3 hr. 2000 15 ;;w:,·_, . 15
i600 -- ISDO IS 18Of/ 20
1600 -- 1600 20 1600 20
1400 2-114 hr. 1400 20 1400 25
1200 _. 1200 20 1200 3D
1000 1-3/4 ~r. 1000 25 10DO . 35

BOO -- BOO 25 BOD 40
600 .. 600 3D 600 45
400 1 hr. 4DD 3D 4DD 5D
200 .- 200 35 200 55
100 -- 100 35 100 .6D

FREOIt IN TUIINEL

(al Convart tunnll (excludea (bl Slart lunnll aftlr (cl Make enlry to .test
test chamber I fran air model changlconplet.d. sec t Ion a f tlr tunnel
at atmospheric pr,ssur. shutdown.
to frlan.

f Inill tunnel Jim, rlq·d. Tunnel tot.l lime r.q'd. Tunnel -tatal T,IIIII r.qtd.

IO::~f~re... (hrl pr~::~~.
(minI

pr~::~~"
(minI

2100 -- 2100 SO 2100 10
2000 3-1/2 hr. 2000 15 2000 65
ISRD -- Isno 10 IS00 60
1600 -- 1600 65 .1600 55
1400 3 hr. 1400 60 1400 50
1200 -- 12no 55 1200 45
1000 2-1/2 hr. 1000 50 1000 45

SOD -- SOD SO SOD 50
600 -- 600 50 600 55
400 1-3/4 hr; 400 50 400 60
200 _. 200 50 200 65
100 1-112 hr. 100 50 100 10

(d) _fi•• requlred to vary total pr.ssur. in tunnel (Includ•• tlst chlmblr).

-Freon operatart rlquln 5 min. llert to prep.r, equiPIIlnt

I n~~~::~t t~~:~, m n,r d a fina a r Slur f
0 2 IS00 1600 1 12 1 DO 600 1400 2 10

21 5 9 0 15
S5 15 2 5

0 2 IS 3 5 95 5 5
160 3 2 35 5 6 as 5

5' 0 1 5 9
2 6 15 5 5 65.

1 S5 1 3 1
Ai 9 5 5 15 5 5 5
600 11 5 6 2 6
"nn 1 5 5 5 5
0iiiI 13 1 9 5 30 IS 2
Ion 16 5 13 1 5 S 6 45 30 5

(d) Time requlr,d to vilry total pressure In tunnel (in.eludes test- chamber).

-ff"eoriop"eratars require a $ min. alert to prepare equipment.

I.~::=~; tr~:~,
T' m n ,·r . a f "a1·. al" r sure In

21 0 200 IB 1 0 2 10 S 0 D :>nii Inn
21DO 1 '5 2n 3 5 65 8 fiiii 12D
2D 0 5 In IS 25 5 95 1 5
IBDO 5 'n . 2n 3D 55

:5fn~16D 25 5 5 25 5 6
1 0 25 .15 1" 20 3 8 1
2 35 2ii In 2 35 ·5 !Ill.

1 0 o . 25 15 10 25 6 'SO
SOD 5n ~I; 5 3 25 20 15 5 0
600 55 iili 5 --.n 3" 25 20 15 <5
no 6ft 55 50 35 3 5 2 2 iii

200 65 6 55 5 5 5 3 25 2ii
100 M <if 6 55 5 5 0 35 3 25

!!!:l!!L..l!l!!J.:Alm

Air drier 13 - pinllils 4 ,nlries to test silcUun"befor. reactivatlDn (r.actlvaHun UIIII1 : 2-112 IIrj
frlon drier '1 - pirmlts 3 hrtt. 0' Fr.on reclaiminu o".,riltlun bofore reactivation ('Cilctivltion IiRl. = 3 hr.l
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Sketch of airstream oscillator vanes
showing schematic of mechanism.
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Figure,15.- Turntable with tower model installed.
(Velocity pro£~le bars shown in background.)



A
A
A
A

o
D
D...
A
A
A
o
o
o
D
8
8
8
B
o
D
o
o
o
A
A
o
A
8
8
8
8

•8
0\
A
o
o
D
A
A
A
A
A..
A
A
A..
A
8
1
1
I
o
D
A
A
A
A
A
A
A
A
A
A
A..
A
A
A

...n
.COOIlD INATBU Hot.!

.. ~~•.. I-·,~·~

IIIOLI

. .' . . 1' '.' '. • J' I ,'.">C ,.i.i"'.IWnHlttll••WIUIIlI"Ih"""."itliIllIIlIJ'llfl1I:'lIiIh , "

9

.1"/
/

I
/

'A 13/4 •10.

. //
...

-./

VI

8"•

'Il 'I'
'l"V"

1.;'':1
.1.&

"J•

-';69.1~6" A 81" ];.3:1 "28.06 A 101 -4.44 ~4.44
...8.63 -.3<t•.77. B--,,' 82"- U).6" ·34;,:89 A 162 -1.26 42.-10
-5.11.:-'43'.00' c.' .83 5.b(·"';~4 A 163 1.25 42.39
-9.61' -:'2.95 C 84' 8'.4",,",8.'49.. 16' J4.17 1.75

• lO~44 "34.. 83 A 850" .8.57.36.72 B· 16!1 18.1(1 4.01
-16,48: '34.80, A l!,,'" 11.73 ,g6;n B 166 19.7. 6.1<

:tt~~;· ~~;,i~.:, ;~" ... :':.~_~::~;: :~,t;,~I-:, .. ':8~: t:, -.~:~~ ~~:~

:~::: :~m 'f: ;Z~~:~:~;:~I' m ~:~ :~:~~
.. ;;'~6.03 .. ;-30_:79 .C-'·!iJl 20;17' ~29:~:73D 171 -4.22 10.56
-~.70 -24).86 D .93 20,;7.0, ':':a:~.14 D "172 9.58 UL14:=:::: :=:~r : g:2~t~~ :~::~~ .,: g: ~~:~~ :;:~i

· ..,1:J.~5 .. 28,~1:i·· C 95 .U~51: ~1_6;;.2"'· F 11S 11.74 16.62

::t:: :~~::~ :., :;'. i~;l.··· ~ g~ ::::~ ~~::~
;U~ :~~:~; .. : ;;',~5 ••....' ,.~. g;. ~:::~ ~~:;~
-!l.92',I8,~~ D, UllJ .,,& " F 180 16.91 32.01_~.89, ,20.39 D, '101. . ..1·.. .'1' 181 19.14 24.60
-0.31 ~IV62 Di 102 '8;'ui ,0,0'0' H 182 18.02 26.72
0.14' ,28.43D. 103 " '8.18" 0.00· H. 183 3.20 22.5.

;:::-:,-=~::::; "g.:: ~:'; . "-, .;:., ~:: ::~~ ~;::~
1.87,: -20.!i0 D 106 " .,. 186 10.58 ·4.80

·2;46.18.21 D ·101 . Ii 187 11.74 ~3.02
4.49 ;20.16 .D lOB II,', 188 11.13 -2.65
5.34: ~22·.B2 D 109". II··· J89 11.57 -6. a..
4.70 ;,,25.5) D 110 -II 190 11-.11 -8.82

-0.0" -10.59 D HI .. .(gil 10.91 -8.48
1.85 -1".38 D 112 .II 192 14.06 -8.43

-2~:~; :~~:~: : m = ::: ~g::: '~~:~:
-17.0J 30.27 D 115 .. 195 20.68 -8.61
-11.88 ·11.81 F 116 H 196 10.62 0.00
-11.1" -16.08 F" 117 ~ 197 16.66 0.00
-9.99 -15.09 F 118 27.66 ;'16.09 I 1.98. 22'.64 0.00
-8.21 ·lS.... .. 119 0.10 3"2.0$ "s 199 30.38 1.,33
-6.92 -16.92 l' 120 -8.50 1.14 A 200 30;39 5.39
-7.54 *18.7. .. 12) -11.9.6 0.30 D 201 8.4'" 1.59
.9.04 -10.7b ... 1,22 -1"i"~66'-O.42 D 202 10.98 1.62

-10.84 -19.36 , 123 '16.11 .1.53 A 203 9.16 3.22
-5.46 ·17.99 A 124 -14.11 ~.66 A· 204 14'.11 <;02
-'1.48 -23.39 A 125 ~10~.6 1~'76 :'A 205 16.35 1.45
-3.37 -21.8p " .126 .. -9.12, 3.32 A.. 206 . ·16;41 5.50
-0.34 -15.62 A 121 '14.18 4.10 A 207 ,31;&2 31.42
-1.94 -1.70 A 128 -16.'21 5.50 A' 20B '-38.• 45 22.25
-5.45 -8.43 A 129 ,18.16 4.06 A 2\19,":'2;93 11.51
-8.36 -8 •.62 Ii 130';1~.88·6.11 A- 2:19:: -44.51 0.00

-10.90"8'.51 A 131" '.28.20 "1.46' A' 21.1;.'.' '20.10 ,11.35
..14.07, ':8.,63 A 132.' .~28.2;O . S';'45 ~ 21,_" ::'2~.63 -17.]5
-11.,1(J -8.,S. 8·,' ~:J3. "-='4.'18 '10.06' D 2U ..•';95 -3".08
-9.63 ~4.79 8 134· .26.95 1:+.3~ .0 214 ,-'4,95 -34.08

..10.-64 ,0:-".,8,2,: B 1-35 -16.91 a.2~9~· .,~. 2·15···. "1.-.95 -36.88
0.00 -1.4.30. G 136 '-1'4 •. 80 26.12' "0' 216·"'· -1.'95 -36.88

~~l:;~' ':'::.:: : .:~~, .;,~:::~. :':::1.::': : :::::' ':'=~::: :~::::
~11.69 ,,-6.85 ,8 U~· -12.1531045 A 219' ,22.43 -22.51

:~g::~:~~:::: ::~::~:~~~;;: '.': ~~~':~;:~ :~~:~~
-20;65 ~4.·.92 D 142 -111.112 '.24"51' '. A" 222 -15,;22 -9.19
··22.59 0.00 " 143 ,.c21.;,'8' .26.• 64' . F.' 223 ~~.69 -0.58
-16.11~ . D•. CMl· . A 144' "25,;'41· ~:6, '. 1"'·,224' "211;69 2.18
-10.35' 0;08 .A· 145 .. ·;'9.6~· 18'6g' ',cr:,'U5i' ·'10.69 2.18
,'.49 -21.• 86 .. !J .l46' fl0.'65 18;6g" C 226.~.69 ·0.58
-i.67 ~1'.9Cl:'4 '141 ... ,11.81 .-,.60 • 22' ";;25.22 -9.36

.......... / I __-1;40 ,~3~"5~A 148-11.78 .:_I.'~._.'...6....0 8.22" '4' _•• -;.'I I' 169 . I -,' . [T49 ..-:~:t' '26 • 72 . A "1229" . '22.43 -22.51
..... ~.,,"./ .•n-l...•.7.'..•..~.. 28..•27 C'. 1..$0. - ~.•.02.·. ":/6'.,2',,4 : 230.. ' :15'22 -25.51-5.08 _n.4C!, '4' 1$1 '-2;0~ 27;85 .... '231 20.69 -34.12

3.31. .~U.8~ .... 152 -2.02' .13.81 A. 232 2C!.69 -36.88
0.1. c~;:42, 'A 153, ~1.viI 11.8' A

"1.'!5 f2~.7'1;· . Jj;'" I'~ '. :'.30 18';.18: Ii
D.82 -39.93 ·C US ·'.1.1V 12.65 1>
0.03 ,29.34 G. 156 "'3'65 26;69 ·A
1.70 .'18;93 A 157 6;90 ·16,t.9 A
2.10 -8,69 A 158 2.02 23,.. ..
4.'110 -17.61 A 159 0.00 44.43 1>
7.32 -22.69 A 160 4.35 44.49 D

.... ~.

:Ii .."
't '11 '\'i ,.

16L

• 'i
l

'r

217

/;----~v +~~-"-~?""
Il 7.II.l. ,'':1_

"-'V·I"I' 'I' 'I ~~II

IfI1.'3 lit II'

... "uv.
"1

~Ift''''"It ....
t'M.'llIICKCIlVIIUtAT£ 'i I Vr.;;:-"l-L.

'il
,.." II It . "r- ... ",.

" 'V ~"/ It 111,.. or ,,5
'i' .J "i' 'r , t~ .....f" ,~.,. "i', _ "

------JP-f""~~ --~-
. 2t3,. II:.. '... I" -

6i .' ""f,. , ,~..:.'" '14'" .l,' '.'
If '.~ ... ),"\ "~1Ot,,.1II 'II V'too'&&

'V •
)6 +1"'f'V J, M: a¥!. '"~ ....
• II... r.. "'IS 2."• .. _.. 4'"'' 1\i·.:r- IJ •

9 4!-.~.:'- ,172' \ ,.t.---M>.,." I. 'S'" .." .,.
"to: ., 4\;~,4'~\~::::. l,".

'& " ... -

'& ,. • II ., 7\. ~" V'7 I I It... .. ..
I

-x I I~O

FiSl1re 16.- Bolt hole locations in turntable.



Figure 17 .-Two~dable.mount.



Figure /8 .- Model on two-cable mount.
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