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GEMNEBAL TUNNEL viSCRIPTION

The 8 X & £foot Supersonic Wind Tunnel 1is capable of
attainming test section flov in the Nach nusber range tros
0.36 to 2.0. The change 4in Aach nusber is continuous up to
1.3 and in 4iccrements of 0.1 betveen 1.3 and 2.0. The
tunnel say be operated in either of two modes; aerodyuasic
cycle ot propulsion cycle.

Aezod ynasic Cycle

buring the aerodynsaic cycle the tunnel is operated as
a closed systes vwith dry air added only as requared to
maiutain the desiced tunnel conditions. Tnhis cycle 13 used
prisatrly for aerodynasic flov studies where contaminants
are not introduced into the airstreas. ¥Yigurs 1(a)
illustrates the air flov path for the aerodynasic cyctle.

Propulsion Cycle

During the propulsion cycle the tunnel is opuratud as
an open system wvith the aic continuously dravn throughk tae
air dryer and evxhausted tuo the ataosphere. Tnis cycle is
used for wmodels which antroduce contasinant: into the
airstream. Figure 1(b) illustrates the air flov path tor
the propulsion cyclwe.,

Tunnel Jomponents

Major cosgonents «f the Lewis d X 6 Supersonic wind
Tunnel arev 1llustrated in figure 2. These coaponaents are:

Ajp_dryeg.- The air dryer re¢moveas wmoiSture from
atmospheric air prior to its introductiou into the tunnel.
It contains 1.14x10% kg (1250 tons) of activated alurina in
eight beds each 0.67 m (2 ft) thick. The dryer is designed
to pass 993 kg/sec (2200 1lb/sec) ot air antering at 21° ¢
(70° 7) with a dewpoint of 14° C (58° F) and leaving with a
devpoint of =299 (¢ (-20° F) for a 2 thour puriod,
Reactivation of the activated alumina requires & hours
heating and & houts cooling. Figure 3 shows the total
adsorption capacity of the dryer versus tha tespetature of




the ¢« .tering air.

CQBRE288QL .~ The tunnel air is driven by a 7 stage
axial-tlow coapraessor, crated at a voluse of 1600 a?
(56 600 ft?) of air per second at a pressure ratio of 1.3.
It is driven by thrae wound-rotor induction cotors haviag &
total pover capacity of 65 000 kv (87 000 hp).

Liexible-y pozzle.- The tlexible-vall nozzle
s c flov

produces seperson through the test sectiou; it
consists Of tvo flexible side valls of stainless steel
2.44 n (o ft) high, 10.82 » (35 ft & ia.) long, and 2.5¢ c»
(1.00 in.) thick which are actuated by hydraulically
operated acrevjacks. The top and bottos plates erc faxed.

198% _dsStaQh.- The test section is 2.4¢ a (8 ft) high,
.03 8 (6 ft) vide and 7.7 s (23 £t 6 in.) long. It is
pade of 2.54 c8 (1.00 in.) thick stainless steel plates.

asoustic puftiez.- 7The acoustic auffler is wused to
quiet the discharqe air of the tunuel when it is operated oxn
vither the aerodynasic or the propulsion cycle.

.- The cooler is a finned-tube vater type heat
exchanger, used to cool the air enteringd the air duyerl
during awrodysasic cycle operation. It i3 designed to cool
the air to 299 ¢  (85° 2) by resoviug the heat ot
cospression.

TUNMNEL AERODYNAMIC PCSRFOBHANCE

Operating characteristics ot the tunnel for both the
aerodynasic and propulsion cycles are gqiven in figure d
vhich shows ¢tha test sectiou total tesperature, total
pressure, static pressure, dynasic pressure, altitude,
Reynolds nusber, and Mmass flov versus the test section HMach
nusber over the tunnel operatinyg range. The discontinuity
betveen Mach 0.50 and 0.55 is caused by varying coapressor
speeds to avoid overptessurization of tha balance chasber
surrounding the test section.

For Mach nusbers be ov 0.36 it is possible to take
transient data. Illovever, because of the rapadly <hanging
tunnel condition, a fast responding Jata systos is
required.




TEST SECTION DESCRIPTION

The taost section plan and elevation viewvs are shown ir
figures 5 and 6. The test section is 2.44 m (3 ft) high and
.83 8 (6 ft) vide with parallel side wvalls for a total
lenqth of 7.16 & (23 ft 6 in.). Por 0.69 m (2 ft 3 in.),
dovnstreas of the test section, the side walls divarge to
.93 a (6 £t &4 {in.) to compensate for the blockage of the
transonic strut. The top and bottom plates are parallel to
each other. The wvalls and top and bottos plates are made ot
2.54 co (1.00 in.) thick stajialess steel.

The test sectioa is perforated oa four sides.
Perforations start 2.77 s (9 ftt 1 in.) from the upstreat end
of the test section and extend e 33 m (14 ft 5 in.)
dovnstreaa. These perforations provide approximacaly 6
percent porosity, bhowevdr, this can be reduced ané varied
along the length of the test section by selective use of
inserts in the 2.54 cm (1.0 in.) diaseter pertoraticas.

Bodels are installed through an access door in the
bottoa of the tunnel diffuser downstrear of tne tast
section. The opening is 4,86 @ (16 ft) long and 1.83 n
(6 ft) wide. Two 1800 kg (2 ton) overnead cranes are
provided in the ceiling of the diffuser section. Koduls, on
sped’ dollies, are 1lifted into the diffuser section and
rolled to the test section four installation.

The top and bhottom plates ot the test 3section are
resovable for installation of small wmodel supports and
auxiliary apparatus. The opuning may vary up to 3.04o »
(10 £¢) long by 30.48 ce (12 in.) wvide depending upon the
selection of insert plates and location in the test section.
The tunnel insert plates cannot be altered, therefore, uuw
insects are required it modifications are necessary. Model
sountings, described under the saction om MOUEL SUPPORTS,
are installed through these openings.

Two pairs of schlieren windows are located in the side
valls. These 0.0673 m (26.5 in.) diameter vindows are
located 0.203 » (v in.) eccentric in steel disks. The
centers of the disks are on the tunnel centerline. Rotating
the disk enables the windov to cover any portion of 2 1.0z »
{(42.5 in.) diameter circle about the cisk center.

A personnel access door 0.71 x 2.13 m (28 in. x 7 ft)
is located at the downstream end of the test section.




PODEL SUPPOMTS

teiling sStrut Asseably

4 Cuiling strut assuably vith a typical sodel installed
is8 shown in fiqure 7. This asseably consists of the strut
proper to whichb the aecdel is attached, and the anchoring
structure and angle-of-attack mechaniss which are outside
the test seoction.

Strut thickness say vary up to 7.62 ca (3 1a.), and the
caord length up to 1.5C » (S5 £t 11 in.). The maxiaum chord
length is detersined by the angle-of -attack requireaant.

Aagqle of attack ct tare model is controlled by a
hydraulic secaanisa vbich rotates the strut around a 5.0c ca
{2 in.} diaweter fin lucated 10.16 ca (4 2a.) above the
inside surface of the tunnel top plate. The angle-of-attack
rande is between -5° and ¢159,

The canter Of totation of the strut may be positiored
aloug the top of the test saction in 11.43 ca (4=1/2 in.)
incremsents Dbetween 1.20 & (3 f£¢ 3.3 jn.) and 2¢34
(7 £t ©.3 in.) trom the dovnstrean «nd of the test section.
This is without special 1insert plates,

dllovable strut loads are indicated in fiqure 1..

Transonic Strut

For tramscnic ogperation, sting-mounted wmodels are
sounted to the strut shovn in fiqure u. This strut is
extended through the tunnel tloor when supporting a model
and vhen not in use is retracted below the tunnel tloor. The
strut centerline is at a tixed location 1«33 nm
(4 tt 4=-1/2 in.) Jdovnstrecam of the test section.

The strut can be rotated in the vertical plane about a
pin located 0.42 & (1 ft 4-1/2 in.) belov the tust section
floor. The angle of attack can he temotely varied froa 0°
to +150, The maximum ridius of rotation 1is 1.94% m
(6 ft 4-1/2 in.), and the wminiwmua radius is deterained by
interference of the strct socket with the tunnel floor.

A torminal pdnel is located in the top of the strut for
all electical and pressure connections from the modul. This
Panel is accessible by removing the tairings trom the sting
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socket.

Details of the sting end that mates with the strut are
shown in fagure 8. Allcwable sting loads are also indicated
in this figure.

8~1/72" Jet Exit strut

The 3-1/,2" Jet 2xit Strut is a ceilinj mountel unit
designed for costing exhaust nozzles requiring high gressuce
air tlow. The strut ccntains ducts for a prisary air tlow of
31.u kg/sec (70 lb/sec) &t 6.9x10¢ /a2 (1000 psi) ana @&
seconddary air tlcw of C.J kg/sec (2 lb/sec) at 6.3x10> n/m?
(10C psi).

This strut has a thrust eeasuring systea with a
capacity of «2 200 N (S5C00 1lb) and an alternate thiust/dray
measuring systea with a capacity of o500 N (2000 1lb). Tne
strut has no angle-of-attack capatility.

Figure 9 shows the strut asseably with a4 typical nozzle
model attached. Allowatle strut loads are also indicated in
this fiqgurd.

Wall Mountiug

Models too large or unusual in shape to be smouatad on
a sting or strut may be rounted to a wall of the test
saction. An example is =shovwn in figure 10 of a wmodel
attached to the tunnel wall by use of the perforations.

AUXILIARY SYSTEMS

Air Systesms

High_pressuyre_air.- A storage facility is available
with a capacity of 4110 a3 (145 000 ft3) of standard dry air
at 1.83x177 N/m2 (2650 psi) for wuse in the 6x6 Wind
Tunnel. . addition, two other air storage tacilitias are
interconne. d with the 8x6 ¥ind Tunnel. Theso are 6140 na?
(216 000 ft- for the 10x10 wind Tunnel and 17 600 m?
(6206 000 £t3) for the 9x15 Test Section,. The three

i o
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facilities together ptovide a total Capacaty of 27 400 a3
(931 000 £t3) of standard dry air for use at the dx6 dind
Tunnel. They ace charged ty a single 0.24 ad/sec
(500 tt3/min) standard air pusp. Total charging time fros
2.76x10% N/n2 (400 psi) to 1.832107 ¥/a2 (2650 psi) is
appProxisataely 28 hours. A heater for this high pressure
systea is capable of raising the temperature of the air
93° ¢ (200° P) at a flow of 0.91 kg/sec (2 lb/sec).

Yagiable Pressure air.- A variable pressare systoa is
available up to 3.10x10¢ u/p2 (450 psi). The systen capacity
is 15.9 kg/sec (35 lt/sec) at 3.10x10% s/m2 (450 psi) . A
heater available with this systea 1is capable of heating the
air to 278° C (5339 F) at a flov of 11.3 kg/mec (25 lb/sec)
or to 34719 C (700° F) at ¢ flow of 6.8 kg/sec (15 lbssaec).

SSLYice aiL-- The service air available is
b.62x10% N/a2 (125 psi) air, with a Capacity ot ©.2 kg/sac
(18 lb/sec) maximum ccntinuous sérvice.

Hydraulic Systes

# hydraulic systea is available for actuation oOr
positioning of a4 wmodel andsor its components. This systas

is capable of a flow of 6.31x10=* g3/sac (10 GPY) at
2.07x107 N/m2 (3000 psi).

Fuel Systea

The liquid fuel System has a storage capacity of
0.37 a3 (97 gal) and a sarxizums tlow to the test section of
2.84x10-¢ @¥/sec (4.5 GPM) at 3J.44x10% N/u2 (50 pel). The
maximsum pressure available is 8.95x10% N/m2 (130 psi) at a
flov of 3.16x10-% m3/s5¢cC (0.5 GsPH) .

Photographic Systea

Photographic and television covarage of test seCtion
events may be ohtained froa several locations.

For side wall coverage, vindovw assemblies (Eigqure 11)
are installed in the perforated section of tne tunnel. These
special wvindovs are used in addition to the schiileren
vindows for cameras and lights. The window asseamblius ate




available only for the side wall containing the personnel
access door.

Figure 12 shows a camera and lighting arrahgesment used
in the test section flcor. The window assembly replaces a
floor hatch at the downstreas end of the test section. A
similar arrangesent can be sade in the ceiling of the test
saction.

A model may also be photographed from a location
downstream of the test section. ligure 13 shows a typical
Cazera and light installaticn for this typ= of coverage.

High speed cameras (100 to 4000 frames per secondi) are
available for use at the above locations. BS8ecause of the
loss of perforated wall area, vindowv assemblies may daversly
aftect aerodynasic data.

INSTRINMENTATICN AND SUPPURTING EQUIPMENT

Force Measurement Systeas

Sting_strut.- To measure forces on models mountad on
the sting strut there are three different size balance
assemblies available. These are three-coaponent bearing
type strain gaqge halances inccrporating baldwin SR-4 strain
gages aounted cn cantilever beaks. The three components
measur<d are axial torce, front normal force, aud rear
norsal force. The balances contdain interchangable strain
gage links, resulting in a wide selection of capacities
available. rigures 14, 15, ana 16 show the 6.35 cm
(2-1/2 1ns), 10.16 co (4 in.) and 12.70 cm (5 in.) liameter
balance systems raespectively.

The strain gage 1links can sustain momentary overloads
up to 200 percent of rated capacity without damage to the
strain gages. Structurally these links can take 500 porceat
of rated capacity before failure.

1f it becomes necessary to reduce displaceaments or
increase pitching mcment capacity for a particular systenm
two balances may be used in a model. However, such a system
would have to be designed for the particular model with
redundant torce links rade inoperative.




Folloving is a list of sting-sounted balancse systeas
and alternate force Reasurement 1links availabla at Lewis
Research Center,

Maxisums Loads

Balance 2= 172" 4o S5r
Life b 900 2500 6000
Drag 1b 350 1800 4000
Pitching Moment in-1lbd 7200 30000 90000
Lateral Force 1t 3e00 8000 18000
Rolling Moment in-lb 3420 5000 23000
Yawing Moment in-lb 11700 30000 48000

Interchangable Links

Balaace 2=-1/72" yn 5
Lift Links 1b 100 100 259
200 200 500
3C0 400 1000
500 000 2000
700 1000 3000
900 1500 4500
2500 6000
Jraqg Links 1b 25 100 100
50 200 250
100 300 500
150 500 750
250 300 1000
350 1200 1500
1300 2250
2000
4000
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¢eiling _strut.- Tc measure torces on ceiling strut
models a special balance is required. This balance should
be part of the suspension system within the strut. Force
Reasuresents may be wmade by load cells or strain gages
aounted on cantilever beams and must be designed for ecach
strut and nodel installatioz.

galibration.- Equipment is available to check out and
calibrate th: balances. It is possible to apply a
combination of lcads to the balance. Loads are applied by
2anuvally driven screwjacks and a strain gage link or load
cell is used to measure the load applied. iquipment is alsco
available for checking and calibrating strain gag2 links
against dead veights. When possible, the coaplete assembled
model is calibrated both in tne shop and i1n the tunusl. A
jacket, provided Ly Lewis Research <center, is 1installed
around the balance to w®aintain a constant temperature
during the tunnel run eliminating changes in calibtration
and zero shift due to temperature variations.

angle-of-Attack lundicator

A model angle-of-attack indicator systum 1s availatle
to ascertain the true model attitude. This makes 1t
possible to correct for sting and strain gage balance
deflections. The system consists of an angle-of-attack
transmitter, shcwn in figure 17, installed in the model, and
a receiver located in the <control rooun. The overall
accuracy of the systea is within 0.19, The angle-ot-attack
range is between =459 and ¢45°. The wiring provided, in the
model, for the transmitter should be four conductor shielded
high temperature wire of size No. 1o or No. 22. Ipstallation
and calibration of this angle-of-attack indicator will be
pertformed at Lewis Research center Dy vind tununel
personnel.

A nock-up unit is available tor fit checks and shop
assclbly of the model.

Thermocouples

Alloy wiring is ccnnected from jacks on the upper and
lower strut tersinal panels to thernocouple Junction
reference units near the control room. The teaperature of
the wire junctions vithin these units is held to
101,19 C ¢0.149 ¢ (1509 F $£0.25° 7). copper cables atre run
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from these wunits to patchtoards in the tunnel control roos.
A maxiaum of twenty-seven theraocouples of each type may be
patched to each of three control rooez selector svitches and
read on digital temperature indicators. In acdition, all
thermocouples may be patched to imputs on the CALDEt II data
recording systea (described 1in the section on DATA
ACQUISITION aND PROCESSING).

Schlieren Systena

The tunnel is equipped with a schlieren systea which
may be located at either an upstreaa or downstreas
position. The system is capable of viewing the flow through
all possible lccations of the 0.673 m (26.5 in.) diameter
vindows vhose «centers say be positioned about a 0.400 n
(16 in.) diameter. figqure 18 shows the plan view of the
system.

Schlieren 1images are vieved wusing a remcte optical
system and [phctoqraghs of the images are taken Ly an
aircraft camera Type K 22. A total ot 100 photojraphs
22,9 x 22.9 c» (3 x 9 in.) may be taken without reloading
the camera. In addition, a ~Ffastex 16 mm high speed motion
plcture camera is capalkle of taking 100 to 4000 frames per
second pictures of any 1image shown through the remote
optical systena.

DATA ACCUISITION AND PROCESSING

A wide range of data acguisition aand procassing
equipment is available as followvs:

Central 7acility Data Recording

CApPDE Il1.- JCADDe II (Central Automatic ODigital Data
Encoder) data recording systeam is a low speed vOoltage
scanner and dJdigitizer designed to convert steady state
direct current signals to digital nuambers at a rate of
twenty five samples per second. The rav data is recorded on
digital wmagnetic tape, vhich becomes the permanent data
record. Optionally, the rav data can be sent to the cuntral
computing facility tor further processing. A schematic
diagram of the data system is shown in tiqure 19.

10




Up to 200 channels are available on the Cabde II systcem
with an accuracy ot $0.05 percent of tull scale. full scale
voltages, under prograsmed control, are as follows; t10mv,
+20mv, £5%mv, $100mv, ¢200mv, £10v, ¢£100v. These 200 or
fever channels can be scanned in cne of four ways:

1. Single scan: Each <channel 1is saapled once, atter
which the scan is terainated. This 1s the method
most frequently uscd.

2. <continuous scan: Each chtannel is sampled cuce; the
system then autcmaticly starts over abd continues
this process wuntil a =~anual stop  command 1s
entered.

3. Jiscontinuous scan: 3ame a@8s Contlnuous scah, z:xcept
that the Scanuing <can be halted tor an iniefinite
period and then resumed under manual control.

4. Intervalometer: Causes one s<ap of all channels and
then halts tcr a4 pre-detersined tike (up to  one
hour) after which a new SCcan  1s  initiated. The
sequence 1s terminated by a manuill stop commind.

The raw data may re typed bdck to the tacility control
room for immediate inspection bty the project p=rsonnel.

figleiple pressule_scanning_system.- Model pressurazs are
saspled by =®means of Sscanivalves, The 3scanivalve uunit
contains a sOlenoid-actUated rotating pressure passaje wnich
sequentially connects U8 pressure lines to a single
transducer. The CAUDe system is used to step the Scanivalves
and record the transducer signals. Up to eigqht ot these
Scanivalves are available for a test program. Ot the
availaeble 4b ports per scanivalve, 5 are used for dynamic
calibration signals aud ar2 thus wunavalirlable tcr wmodel
instrunentiation. rcull scale pressure ranges dviilaeble are;
1.03 N/m2 (15 psia), 1.72 N/n2 (25 psia), Jo 44 N/m2
(50 psia), and .90 N/sm2 (100 psid). An accuracy of 20,15
percent of tull scale is waintained duc to the dynamic
calitration mechanisrm,.

Since tnls pressure measuring system uses the JAbDDr 11
syster, the total number of pressure signals 1s subtracted
from the total chaunels available (500) to obtain the uumber
of other siqnals that can be recorded.

eeftfal_apalog rtecoyding system.- The Cehtral Analoy
Systesm records data on magnetic  tape in  IRIG standard
format. Data 1is reccrded on 12 tracks and real time in
IKRIG b tormat is recorded ot ofLe track. rach ot the 1/
tracks can be used as for single wide band chaunel (10K Hz)

"
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or for 5 multiplaxed, constant pandwidth (4K Hz) inputs. If
all 12 channels are sultiplexed, a total ot 60 inputs are
available. Full scala input voltages are ti0av, t20mv,
+50mv, and ¢$100mv, with an accuracy of £+1.0 percent. If
multiplexing is used, all S channels for one tape track must
have the same full scale input. Control of the recorder is
resote at the facility.

For playback, up to 55 aultiplexed (or 12
non-maultiplexed) channels can be displayed on strip chart
recorders or light beans oscillographs. Autosmatic tage search
based on record tise is availatle. A limited amount of
analog signal processing equipment is also available
depending on the type of analyses desired.

Local Analog Recording Systaa

A 14 channel tape ctecorder is located in the tacility
control room. One of the channels is used for IKIG B tine
clock and one for tape speed control, leaving 12 channels
available for data. These channels may use any cosbination
of virect Record { 300 Hz to 600K liz at 305 ca/sec
(120 in./sec) ] or 7m ([DC to 40K Hz at 305 ce/s6€cC
(140 in./sec) ) iaputs. The input voltage 1s 0.1 to 10 volts
on Direct Record or 1.0 volt to +25 volts on [FIA. Tape
speeds are <2.3d cmssec (15716 in./sec) to 305 ca/secC
(120 in./sec). A variety of signal conditioning and
sonitoring electronics is also available in the control
roon.

Tape playback 1is accomplished either locally in the
control rocm, or off-line at the central data facility.

pata Processing

The data recorded from a facility is reduced by a
variety ot hiyh speed digital and analog systems lccated at
the Lewis central ccsputer facility. bigital coaputer
proyramss are usually coded 1in PURTRKAN IV level a, Dbut
BASIC, PL-1, AFL, and assembled coding is also wused for
special cases.

on-1line tip2_shapipy.- Lata recorded on  the CAvDbE Il
system can be Jutosatically sent to the Levis Time-Sharwed

Computer Facility for on-line analysis. [he computers used
are two [BM model 360767 running in tull duplex opuration.
The virtual memory hardwarce gives each user an apparant core

12
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size ot four killicn bytes (8 bits equal 1 byte), thus
offering an almcst unlisited capacity for data analysis. Raw
data is stored on high speed disSc storage units for use by
the analysis programs. A flexible data analysis and control
package is used to process the rav data, apply the
calibrations, and present engineering units to the analysis
prograne. Thie analysis prograas contains all the
calculations desired for a given test prograas.

The rcsults of this analysis are processed by the
output section cf the system for display in the facility
control room, either on alectric typewriters or om a variety
of high speed graphic displays. 3oth listed numeric and
graphic data can be presented. This data display is under
control of the project engineer wvhile the test is runninge.
This allows computed data to be available for decision
saking concerning the next or future data points to te
taken,

gff-line_batch_prccessing.- The bulk of  data is
processed after the tunnel run is completed. Typically, the
same program as used for the on-line data 1is used in a
batch mode on the time-sharing system. Data is then printed
on high speed grinters or processed on off-line microtila,
The microfilm will accommodate both listed numeric data and
craphic output.

ln addition to the time-shariag system, data can te
analyzed on an 1IbM 7C90 direct couple system <cr on a
UNIVAC 1106 systaa.

Qff-line_spalog processing.- Off-line processing  of
analog data is handied Lty a variety of interconnected signal
processing systeas. In addition to strip chart and
light-beas oscillogragh tecording, a Pedaral Scientific
Ua-6A spectrus analyzer is available, as vell as X-Y
plotters, oscillographs and an analog cosputer. It digital
processing is desired, data may be read from the analog
tapes ana digitized by the use of an SEL 310A computer with
a 48 channel MUX and A/D converter. The output is a 9 track
digital tape in the Lewis GIF format. This tape can be read
on other Lewis digital coaputers for additional
nrocessing.

13
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MOCEL INFORMATION

Hodel Size

Figure 20 shows the approximate wsaximsum [rojected
frontal ar2a (mcdel plus support strut) for tunnel starting.
Since the limiting model size is intluenced by such factors
as model shape and shock boundary~layer interaction, each
model proposal must te evaluated independently. For more
information see retersnces 1, 2, 3, and 4.

Model lesign criteria

Tunnel test models should be designed for the followiug
applicable load conditions:

steady-stdte loads.- The allowable stresses fof the
maxisuew loading conditions should not exceed 1/5 Of the
ultisate stress of 1/3 of the yield stress, whichever is
least. In addition, for members loaded as columns, the
tuler critical 1load should be at least three times the
applied ioad.

sypelsonic _starting _loads.- For starting 1lo0ads, the
design should be based cu a 10° air flow direction added to
the angle of attack of the model at tunnel starting. The
dynamic pressure vused should be wmaximsus tunnel dyuamic
pressure as given by fiqure 4d. When using this criteria
the allovable stresses should not exceed 1/2 of the yield
stress. This technique for considering starting loads is
given as a general guide. Therefore; models, unusual in
size, shape, or operation, may require special analyses.

All auxiliary garts ot the model exposed to the air
Stfeam and nominally at =zero adangle of attack should be
evaluated at 10° angle cf attack.

subsonjc_loads.- Fcr subsonic loads, tne design should
be based on 4 5% air flov direction added to the Raximum
angle of attack of the model during tunnel vuperation. The
dynamic pressure used should be the maxinus anticipated for
the subsonic flow as given in tiqure 4d. Tha allowvable
stresses should not exceed 1/2 ot the yield stress.

14
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Pressure Instrumentation

The recommended fressure tubiag size is 1.55 am
(1716 in.) outside diameter and 0.30 mm (0.012 in.) wall
thickness. Static pressure orifices should be flush with
and perpendicular to model surfaces.

For sting-mounted models the tubing should extend at
least 0.91 a (3 ft) dovnstream of the sting socket on the
strut. For models mounted on a ceiling strut the tubing
should extend at least 3.05 m (10 ft) above the top of the
ceiling strut.

kakes used to determine pressure recovery and pressule
distribution should be designed to avoid resonance with
model operating mechanisms. Any brazing required ca rakes
should be the iilver-braze type. Rake tubes should be
spaced to weasure equal areas facilitating fpressure
inteqration. A filler plate should be provided to replace
each removable rake.

Thermocouple ¥Wiring

All model thersocouples should be made with
high-temperature glass-insulated thersocouple wige of as
heavy a gage as practical. Leads extending from the model
should be 1long enough to reach the appropriate strut
terminal panel and should terminate in the Thermo Electric
Co. Type 2PSS plugs.

The following table lists the type and nuaber of
thersocouple circuits available.

Quan. Wire Tyve (ISA)
Uy lrtcn/constantan TYype J
24 chrcmel/aluamel Type K
by Copper/constantan Type T
24 Platinum, 13% Rhodium/Platinum Type R
15
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Actuators and Position Indicators

To accoaplish remote positioning of wind tunnel model
components, screwvjacks and hydraulic cylinders are coamamonly
used. tlectrically driven screvjacks should be Ffrovided
vith limit switches tc protect the model and mechanisa tros
damage due to overtravel. Hydraulic cylinders should be
sized so their travel cannot exceed safe 1limits and they
should be of the cushioned ¢type if they are to aove
rapidly. The hydraulic systea available is rdated at
1.26x10=3 m3/sec (20 GPM) at 2.07x107? N/m2 (3000 Fsi) .

Remote position indication is often provided by a
lincar or rotational potentioseter. Each potentiometer
should have a total resistauce of 1000 ohas and be linear
vithin 0.1 percent.

Electrical Cables

Electrical cables trom the model are terminated 1n
connectors which mate with an existing catle sSystem
extending betveen the tunnel test section area and the
control roce. The types of cables available are:

Bower _cableg.- Type “A" cables are used fOor heavy pover
circuits (greater than 2 asperes at 28 volts or 5 arperes at
120 volts). Several cf these circuits may be grouped iu a
single cable. Type "(" cables are used for small motors,
limic svitches, selsyns, and so forth. Several of these
circuits may alsgo be grouped in a single cable.

Sidnal_cablges.- Tyre "E" cables are used for strain
gage type transducets, potentiometers, servovalves and other
cirtcuicts requaring shialded wires. Type "K" cables are
coaxial type and are usad for piezvelectric transducers.

Each device should use an individual cable.
Lifterential transforsers should use¢ separate cables for
power and signal. The shield of each cable 1s fastened to
the connector cable claep.

16
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The

inforsaticn necessary
connectors is given in the following tables:

Sting Strut Terminal Panel

ceiling Strut Terminal Panel

Tyre GQuane. cable
A 6 6 conductor
No. S ANG
- 10 12 conductor
Nc. 16 ANWG
B 43 b conductcr
No. 20 AMWG

shielded

K 12 KG 62/U

coaxial

TYpe OQuan. Cable
A 3 6 conductor
NOo. & ANG
of 5 14 ccnductct
No. 1b ANG
B 54 6 conductot
Nc. 20 AWNG

shiglded

Cable Terminal
Connector

MS 3100a-24-105

NS 3100A-24-195

MS 3100A-145-65

ENC male

cabkle Terminal
connector

S 3100A-24-105

MS 3100A-4u=15S

MS 3J100A-14S-063

to supply model cables with

Raoquired Mating
connactor

MS 3106A-24-10P

Ms 3106a=-24=-19P

M5 310ba=14S-6P

oNo female

Required Mating
Lonnactor

M5 3106A-2L-10P

MS 3106a-24-15P

MS 3106A-14S-6P

17
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FACILITIES AVAILABLE TO USERS

Model Stand

A sting-mounted model stand is available for assembly
and check-out of a mocdel prior to tunnel installation. When
mounted on the stand, the sting centerline is 1.22 » (4 ft)
above the floor.

Machine Tools and Lifts

The balance Chamter contains an overhead 2700 kg
{3 ton) capacity crane. Also available is collection of
machine tools including a lathe, a Do-All band saw and
several drill Ffresses and bench grinders. For sheot-metal
vork, a 0.91 a (3 ft) light gage roll, O0.91 m (3 ft) light
gage bending brake, 1.z22 m (4 ft) 1light gage shear, 0.61 »
(24 in.) throat punch, and a throatless shear are available.
Various size surface plates are available for setup and
layout work. There are several types of hand trucks and a
0.61 x 0.91 m (¢ x 3 ft) elevating table with a capacity of
900 kg (2000 1lb)e.

A tool crib located in the tunnel area has a coaplete
line ot hand tools including some band powver tocls. Also
available are acetylene, electric, and heliarc welding
equipment as well as 4 small spot velder.

Electrical Systems

At either the model stand or the tunnel test saction
the folloving types cf electrical powver are availuabla:

440 volt, 60 cycle,

208 volt, 60 cycle,
120 volt, 60 cycle,
120 volt, 400 cycle,
26 volt, 400 cycle,
28 volt, L.C.

phase, A.C.
phase, A.C.
phase, A.C.
phase, A.C.
phase, A.C.

- o W
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Figure 10. - Wall-mounted mode!.
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Fiqure 12. - Floor mounted camera and tight system.

Fiqure 13, - Downstream camerg and light system,
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