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GENERAL TUNNEL DESCRIPTION

The 10 X 1D Foot Supersonic Wind Tunnel 1s capable of
attaining test section flow in the Mach onumber range fron
2.0 to 3.5 in increments of Q. 1. The tunnel may be operated
in either of two modes; aerodyramic cycl2 or propulsion
cycle.

Aerodynamic Cycle

Duringy the aerodynamic cycle the tunnel 1is operated as
a closed system with dry aijir added only das required to
maintain the desired tunnel conditions. This cycle is used
primarily for aerodynamic flow stuliss whers contaminaats
area not  introduced into the airstrean. Figure 1(a)
illustrates the air flow path for the aerodynamic cycla.

Propulsion Cycle

Luring the propulsion cycle the tunnel is operated as
ap openh system with the air continuously drawn through the
-air dryer and exhausted to the atmosphere. This cycle is
used for models which introduce contaminants intd the
airstream and also when the tunnel-air heater system is
utilized., Figure 1(b) illustrates the air flow path tar the
propulsion cycle,

Tunnel Components

Major compornents of the Lewis 10 X 10 Supersonic #ind
Tunnel are illustrated in figure 2. These coaponents are:

Aig dryer.- I'he air dryer removes moisture from
atmospheric . air prior to its introduction into the tunnel.
It contains 1.724x10% kg (1900 tons) of activated alumina in
six beds each 0,91 m (3 ft)} thick. The dryer is designed to
pass 834 kgrssec (1838 lbhysec) of air antaring at 299 C
{9592 F} with a dewpoinrt of 23° ¢ (73°? ?) and leavimg with a
dewpoint of -4Q9 < (-40° 7y for a 2 hour periond.
Reactivation of the activated alumina reguires 4 hours
heating and 4 hours cooling.



Cooler_2.= Cooler 2 is a finned-tube water typs heat
exchanjyer, used to cdool the air entering comprassor 2. It
is designed to reduce the temperature from 1770 ¢ (3509 )
to 49% ¢ (120° F) with a pressure drop of 25.4 cm (10 ia.}
of water. The airflow capacity of the cooler is 1210 kg/sec
{2670 1lb/sec}.

Compressor 2.- Comfressor 2 1is a 10 stage axial-flow
compressor, rated at a volume of 623 m?¥ (22 300 £¢3) of air
per seconl at a pressure ratio of 2.4. It is driven by
three wound-rotor induction motors having a total power
capacity of 74 600 k¥ (100 000 hp).

Air hzater.- The air heater system utilizes the
combustion of natural gas in the tunnzl airstream to raise
the air teaperature to 6349 X (11409 R). Us2 of this heatzr

is limited to the propulsion cycle.

Flexible-wall nozzle.~ The flexible-wall = nozzle
produces supersonic flow in the test s2ctionj it consists of
two flexible side walls of stainless steel 3.048B m (10 ft)
high, 23.t5 ®m (76 ft) lona , and 3.49 cm (1-3/8 in.} thick
which are actuated by hydraulically oparated screwiacks. The

top and bottom plates are fixed.

Test _section.- The test section is 12.19 m (4C ft)
long, has a cross section of 3,048 x 3.0u46 m (10 x 10 ft} at
the entrance, and is 3.048 2 (10 £t) hign by 3.203 =a
(10.51 f£t) wide at the exit.

second throat.- Tbe second throat is used to conserve
power by reducing the Mach number at the terminal shock
wave. The side walls are moveahble; =2ach consisting 2f two
hinged plates actuated by electrically driven screwjacks.
The top and bottom plates are fixel.

gooler_1l1.- Cooler 1 is a finned-tube water typ2 heat
exchangyer, used to cool the air entering compressor 1. It
is designed to reduce the temperature from 343® C (650° F)
to 49° { (120° F) with a pressure drop of 7.62 cma (3 ia.) of
water. Th2: airflow capacity of the cooler is 853 kg/sec
(1880 lb/sec).

Copprassor _1.- Ccmpressor 1 is an 8 stage axial-flow
compressor, rated at a volume of 2200 m3 (74 000 £t3) of air
per second at a pressure ratio of 2.8. It is driven by four
woand~rotor induction motors having a total power capacity

of 112 000 kW {150 000 hp).

Valve 13.-~ Valve 13 is a 7.32 m (24 ft) diameter
svinging-type valve, used to place the tunnel im either the



aarodynamic or propulsion cycle of operation.

Exhaust puffler.- The exhaust muffler is used to guiet
the discharge air when the tunnel 1is operated on the
propulsion cycle.

Exhauster system.- The exhauster system consists of two
piston-type exhausters, having a total capacity of 2830 m3
(100 000 £¢3) of air per minute, The exhausters reduce the
air density in the tunnel when the tunnel is operated om the
asrodynamic cycle,

TUNNEL AERQDYNAMICZ PERFORMANCE

Aerodynamic Cycle

Operating characteristics of the tunnel for the
aarodynaaic cycle are given in figure 3. It shows the test
section altitude, dynamic pressura, Rzynolis number, total
prassara, and total temperature versus the test section Mach
nugber over the tuanel operating range.

Propulsion Cycle

Operating characteristics of the tunnel for the
propulsion cycle are given in figure 4. It shows the test
section altitude, dynamic pressure, Reynolds number, total
pressure, and total temperature versus the tast section Mach
number over the tunnel operating range.

Tunnel-aic Heater

The effects of tunnel-air heater oparation duriag the
propulsion cycle are shown in figure 5. Variations of
tunnel airflow total temperatura with frza-stream Mach
numbers are given. The increase in temperature at Mach 2.5
is the result of operation of the secondary compressar, the

main compressor being in operation at all speeds. T he

flight stagnation temperature variation in the tropopause is
also shown 1in fidgure 5 for referenca. The difference



hetween these curves is the temperatur2 rise reguired 2f the
hzater in order to simulate flight. The heater was designed
to eagual or exceed this requirad temperature rise up to a
mayimumn of 6534 K (11402 R). This maximum tepperature 1is
limited by the thermal expansion of tha tunnel structure,.
Further information on the effects of the heater carn be
found in NaSA TM X-1636, entitled ™MWatar JCondensation
Rffects of Heated Vitiated Air on Flow in a Large Supersonic
¥ind Tunnel"™.

TEST SECTION DESCRIPTION

Th2 test section plan view, cross section, and
elevation Vviews are shown in figurzs 6, 7, and B8
respectively. The upstream cross section at the end of the
flex ible-wall nozzle is 3.0048 x 3.048 m (10 x 10 ft). The
3.49 cm {1-3/8 in.) thick stainless steel side walls diverge
0o 22¢* each to a width of 3,203 m (10.51 ft} at the
downstream end, The top and bottom platas are parallel to
each othar. The location of the test rhombus 1is shown in
fiqure 6.

The floor of the test section can bz lowered 5 the
first f£loor level by means of screwjacks at each corner.
Model installation is qenerally made through the ra2sulting
10.067 m (33 ft 4-1/8 in.} by 3.048 m (10 ft) opening. 1
special model dolly can be used to move th2 model ontd the
floor plate, Twd 22 700 kg ({25 ton) traveling overhead
cranes capable of running the length of the building housing
the test section are available for model installation.
These cranes have 4540 kg (5 ton} auxiliaries.

There are removable top and bottom plates in the test
section which are available for installation of swmall reodel
supports and auxiliary apparatus. The opa2ning may vary up to
6.10 m (20 £t) long by 1.07 m (3.5 ft) vide depending upon
the selection of insert plates, Model mountings, dascribed
under the section on MODEL SUPPORTS, are installed through
these opanings.

Three pairs of 0.84 @ (33 in.) diameter windows are
located in the side walls of the test section as shown in
figurs 8. Two pairs of these vindows are mounted
eccentrically in 1.52 n (5 ft) diametar movable disks. TIhe
disks may be rotated +to position the windows on a 0,267 m
(10.5 in.)} radius, The third pair of winilows is located in a
fixed position downstream of the movable winiows.



Personnel access doors 0.91 x 2.13 m (3 x 7 £ft) are
located opposite each other at the downstream end of the
test section.

MODEL SUPPODRTS

Sting Strut

The strut for sting-mountad aodels, shown in
figure 9(a), is extended through the +tunnel floor when in
use. Tha strut centerline may be located between 4.24 a
(13 £t 11 in.) and 7.14 m (23 ft 5 in.) from the floor joint
datum line in 15.24 cm {6 in.) increments. The strut has a
chord length of 1.22 a (4 £¢) and is 20.32 za (8 in.) thick.

The strut can be rotated in the vertical plane about a
pin located 24.13 ca (9.5 in.) belov¥ the test section floor.
The angle of attack can be remotely varied from =~5° to +20}9,
The maximum radius of rotation is 2.08 m (6 ft 10 in.), and
the minimum radius is determined by intarfarence of the
strut sockat with the tunnel floor.

A teraminal panel is located in the top of the strut for
all electical and pressure conpections from the mopdzl. This
panel is accessible by removing the fairings from the sting
socket,

Allowable sting loads are indicated in figure 9{a).
Details of the sting end that mates with the strut are shown
in figqure 9(b) .

An adapter, shown in fiqure 10, is available to pernmit
the use of stings originally wmade for the NASA Lewis
REesearch Center 8 x 6 Fcot Supersonic Wind Tunnel. :

teiling Strut Asseably

A ceiling strut assembly with a typical model installed
is shown in figure 11, This asseably consists of the strut
proper to which the wmodel is attached, and the aachoring
structure and angle~of-attack wechanism whiczch are outside
the test saction.



Strut thicknaess may vary up to 25.4 ce {10 in.) and the
chord length up to 2,13 a (7 ft). The marimum chord length
is determined by the angle-of-attack reguires2nt.

Angle of attack of the rodel is remotely controlled by
a screswjack mechanise which rotates the strut around a
7.62 co {3 in.) diameter pin located 17.78 zm (7 in.) abave
the inside surfacae of the tunrnel top plate. The screwjack
can be mounted on eithecr end of the strut housing, depending
on clearances to the tunnel structure. The angle~-of-attack
range 1is determined by model siZe and strut attachment
details.

The canter of rotation of the strut may be positioned
along the top of the tunnel in 15,24 ca (6 in.) incraments
between 3.56 m (11 ft 8 in.) and 6.60 m (21 £t 8 in.) fronm
the ceilingy Jjoint datum 1line. This is without special
insert plates.

Electrical wiring from the strut is connected to
terminal panels on top of the test section. Pressure tubing
is connected to Scanivalves 1located on top of the test
saction,

Augiliary Strut

An auxiliary strut, shown in fiqure 12, is provided to
hold a nezzle plug-actuating maechanisa or tail rake when a
suspended model is used. fThe gechanism usel should fit the
flange on the end of the strut which is detailed in
figure 12. The strut is designed to rotate about the
cailing strut center of rotation at a radius of 3.73 m
(12 £t 3 in.). The leading edge of th2 strut may be lacated
a mimieum of 2,87 m (9 ft 5 in.) and a maximum of 7.29 m
{23 ft 11 in,) trom the ceiling Joint datum 1line, with
positioning in 15.24 cm (6 in.) increments., There are three
additional positions for this strut at 8.97 m (29 ft 5 in.y,
9.12 m {29 ft 11 in.), and 9.27 m (30 £t 5 in.} froma the
ceiling foint datum line.

All electrical and pressure connections on top of the
test section are the same as used with the ceiling strut.



AUXILTIARY SYSTEMS

Air Systenms

High presguge air.- A storage facility is available
vith a capacity of 6120 % (216 000 £t3) of standard dry air
at- 1.83x107 N/mZ (2650 psi) for use at the tannel. Iwo
other air storage facilities are interconnected with it.
These are a 4110 m3 (145 000 £t?) systam located at the 8x6
Wind Tunnel and a 17 600 m3 (620 000 ft3?) system located at
the 9x15 Test Section., The three facilities together provide
a total capacity of 27 800 a3 (981 000 £t3) of standard dry
air for uss at the 10x10 %ind Tunnel. They are charged by a
puep having a capacity of 0.24 m3/sec (500 £t3I/min) of
standard air. Total charging tisme from 2.76x10% N/m2
(400 psi) to 1.83x107 N/m2 (2650 psi) is approximataly 28
hours for the combined systems. g

Yariable pressure air.- A variable pressure system with
a capacity of 45.4 kg/sec (100 lb/sec) is available at
pressures up to 1,03x10¢ N/m2 (150 psi).

Servica air.- A service air systen with a capacity of
0.91 k3/sec (2 iIb/sec) continuous service is available at
8.62x105 N/m% ({125 psi).

Hydraulic Systen

A hydraulic system is available for actuation or
positioning of a model and/or its components. This system
consists of three GFusps each rated at 1.26x10-3 ma3/5ac
(20 gal/min). The pumps are connected in parallel and pay
be used in any combination. The smaximum capacity of the
systes is 3.79x10-? m3¥/sec (60 gals/min) at 2.07x107 N/m2
{3000 psiy.

Fuel Systen

The liquid fuel system is made of stainless ste=1 and
has a total flow capacity of Uu4.42x10-3 w3/s8c (70 gal/min)
at 2.76x10% N/a2 (40 psi). The maxrimue pressure available
is 6.55x108 N/m2 {950 psi) at a flow of 1.89x10-? a3 /secC



{30 gqal/min). Fuel is filtered to 10 wicron particle size
before delivery to the test section. ‘

INSTRUMENTATION AND SUPPORTING EQUIPMENT

Porce Measurement Systems

Sting _strut.~- To measure forces on models wmounted on
the sting strut four different size balances are availabl=.
These are three-component bearing type strain gage balances
incorporating BHaldwin SR-4 'strain gages mounted on
cantilever baaws. The three componants measured are axial
force, front normal force, and rear normal force. There are
alternate strain gage links availabls for each balance
resulting in a wide range of capacities., The table on the
following page lists the maximum loads and altermate links
for each balance. Figqures 13, 14, 15, and 16 show the
6.35 cm (2-1/2 in.), 10,16 cm (4 in,), 12.70 cm (5 in.), and
17.786 ce (7 in.) diazeter balance systams raspectively,.

The strain gage links c¢an sustain momentary overloads
up to 200 percent of rated capacity without damage ¢td the
strain gaqgas. Structurally these links can take 500 parcent
of rated capacity before failure.

If it becones necessary to reluce displacements or
increase pitching moment capacity for a particular model two
balances may be used. Such a system would have to be
plannel spacifically for the model,



Following is a list of sting-mounted

balance systams

and alternate force measurement links available.

Maximua Loads

Balanca 2=1/27 g

- Lift 1b 900 2500
Drag 1b 350 1800
Pitchingy Momeat in-lb 7200 30000
Lateral Force 1lb ) 3600 sa00¢
Rolling Moment in-1b 3420 9000
Yaving Moment in-1b 11700 30000

Alternate Links

Balance 2=1/ 2% gn
Lift Links 1b 100 100
200 200
300 400
500 600
700 1000
900 1500
2500
brag Links 1lb 25 100
50 200
100 300
150 500
250 800
350 1200
1800

5!!

6000
4400
30000
18000
23000

88000

5"-

250

500
1000
2000
3000
4500
6000

100
250
500
750
1000
1500
2250
3000
4000

Tn

16000
10080
336000
32000
57000

232000

2000
5000
8000
12000
16000

300
1000
1500
3000
5000

7500 -

10000



Ceiling strut.- To measure forces on ceiling strut
models a special balance is required, This balance should
be part of the suspension system within th2 strut, force
measurements may be made by load cells or strain gages
mounted on capntilever beams and must be desiyned for each
strut and model installation.

Calibration.- Equipment is available to check out and
calibrate the balances., Loads can be applied either singly
or in combination using panually driven screwijacks. Strain
gage links or load <c¢ells are used to measure thes 1loads
applied. BEquipment 1is also available for checking and
zalibrating strain gage links against dead weights. When
possible, the complete assembled model is calibrated both in
the shop and in the tunnel. A jacket, provided by Lewis
Research Center, is installed around the balance to maintain
a constant temperature dJduring the tunnel run. This
eliminates changes in the calibration 31ue to temperature
variation, ‘

Angle-of-attack Indicator

A modal angle-of-attack indicator systam is available
to ascertain the true model attitude. This makes it
possible to ccrrect for sting and strain gage balance
deflections. The system consists of an angle-of-attack
transmitter, shown in figure 17, installad in the model and
a receiver located in the control roon. The overall
accuracy of the system is within 0.19, The angle-of-attack
rapge is between =459 and #4599, The wiring provided in the
model for the transmitter shoold be four conductor shield=q
high temperature wire of size No, 18 or No, 22. Installation
and calibration of this angle-of-attack indicator will be
perforaed at Lewis FResearch Center.

A mock-up wunit is available for fit checks and shop
assembly of the model.

Thermocouplas

Alloy wiring is cconected from jacks on the upper and
lower strut terminal panels to thermocouple junction
reference units near the test section. The temperature of
the wire dJunctions within the se upits is held to

10



101,19 ¢ £0,.14° ¢ (1502 F +0.25% F). Copper cables are run
from these units to patchboards near the tunnel control
room. A saximum of twenty-saven thermocouples of each type
may be patched to each of three control room selector
switches and rtead on digital temperature indicators. In
addition, all therwmocouples may be patchsd to inputs on the
CADDE II data recording system (described in the section on
DATA ACQUISITION AND PROCESSING).

Schlieren System

The tunnel is equipped with two identical schlieren
systems which eay b2 used independently or simultaneously.
These syst2ms are located at the npstream and intermediate
sets of test section windows and are capable of showing the
flow patterns in the test section for all positions of the
0.838 m {33 in.) diameter windows in the 1.52 a" ({5 ft)
diametzr disks. Figures 18 and 19 shovw the plan and
elevation views respectively.

Schlieren 1images are viewed using the television
systems and vphotographs of the images are taken by 70 nmm
Beattie Veritron automatic data racordiing Zameras having a
one microsecond exposure. A total of 325 photographs
6.35x 8.57 cm  (2-1/2 x 3-3/8 in.,) may be taken without
reloading. In addition, a Fastex 16 ma high-speed motion
picture camera capable of taking 100 to 4000 frames per
second is available for photographing th2 schlieren images.

DATA ACQUISITION AND PROCESSING

A wide range of data acquisition and processina
equipment is available as follows:

Central Facility Data Recording

CADDE_IL.- <CADDE II (Central Automatic Digital Data
tncoder) data recording system is a low-speed vwoltage
scanner and digitizer designed to convert steady state
direct current signals to digital numsbers at a rate of
tventy-five samples per second. Tha raw data is recorded on

11



digital magnetic tape, which becomes the permanent data
record. OJptionally, the raw data ¢an b2 sent to the caanttal
computing facility for further processing. A schematic
diagram of the data system is shown in figura 20.

Up to 200 channels are available at the comntrol rooam.
The systam accguracy 1is t0.05 percent of full scale. Full
scale voltages, under prograsmed control, are as follows;
+10 aV, £20 aVv, £50 mv, 100 mV, $+200 mv, +10 V, and $+1C0 V,
These 200 or fewer channels can be scanned in one of four
vays:

1. Single scan: Each channel is sazpled once, after
which the scan is termina ted. This is the aethod
most frequently used,

2. Continucus scan: Each chamrnal is sampled once; the
system thenr automatically recycles and continues
this process until a manual stop comaand is given.

3. Discontinuounus scan: 5ame as continuous scan, eXcept
that the scanning can be halted Ffor an arbitrary
period and then resumed under manual control.

4, Intervalometer: Causas one scan of all channels and
ther halts for a pre-determinad tiae (up to ona
hour} after vhich a new scan is initiated. The
sequence is tereinated by a manual stop command.

The raw data may be typed back to tha facility control
room for immediate inspection by the project personnel.

Multiple pressure_scannipg_system.- Modz2l pressures are
sampled by means of Scanivalves. The Scanivalve unit
contains a solenoid-actuated rotating pressure passage which
saquentially connects 48 pressure lines to a single
transducer. The CADDE system is used to step the Scanivalves
and record the transducer signals. Up to eight of these
Scanivalves are available for a test program. 0Qf the
available 48 ports per scanivalve, 5 are used for dynamic
calibration signals and are thus unavailable for wmodel
instrumentation. Full scale pressure ranges available are;
1.03 N/m? {15 psia), 1.72 N/a2 {25 psia), 3. 44 N/m2
(50 psia), and 6.90 N/m2 (100 psia). 4&n accuracy of i{.15
percent of full scale is maintained due to the dynasic
calibration mechanisw.

Since this pressure measuring systes uses the CADDE II
system, thz total number of pressure signals is subtracted
from the total channels available (500) to obtain the number
of other signals that can beé recorded.

12



Central amalog _recording_system.- The Cantral Analog
System records data on wsagnetic tapa in IRIG standard
format. Data is recorded on 12 tracks and a time code in
IRIG A format 1is recorded on ome track. Each of the data
tracks are multiplexed to record in axtended IRIG Jonstant
Bandviith consisting of 15 channels with a bandwidth of
4 kHz (I=4}. Full scale input voltagas are =5 av,
$+12.5 a¥, 20 v, 250 mv, +100 m¥ and 250 eV with an
accuracy of £1.0 percent of full scale. All channels vithin
a multiplexed track must have the same full scale iaput.
Control of the recordear is remote at the facility.

For playback, wup to 4 sultiplexed channels can be
displayed on strip chart recorders or light bean
oscillographs. Automatic tape saearch based on record tiee is
available. A limited amcunt of analog sigpral pracessing
equipment is also available depending on the type of
analyses desired.

Local Analog Hecording Systam

A 14 zhannel tape recorder is located in the facility
control room, One of the channels is used for IRIG B time
clock and one for tape speed control, leaving 12 channels
available for data. These channels may use any combination
of Diract gecord (300 Hz to 600 kHz at 305 ce/sac
(120 in./sec} ] or FM {DC to 40 kHz at 305 ca/sec
(120 in./sac) ] inputs. The input voltage is 0.1 to 10 volts
on Direct Record or $1.0 volt to 125 wolts on FNM. Ta pe
speeds are 2.38 cm/sec (¥5/16 in./sec) to 305 ca/sec
(120 in./sec). Also available in the control room 1is a
variety of signal conditioning and aonitoring electromics.

Tape playback is accomplishad 2ither locally ia the
control room, or off-line at the central data facility.

Lata Processing

The data recorded ¢from a facility is reduced by a
variety of high-speed digital and analog systesms located at
the Lewis {Central Ccmputer PFacility. bPigital coaputer
prograss are usually coded in FORTRAN IV level G, but BASIC,
PL-1, 4PL, and assaeambled coding are also used for special
cases.
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op-line time sharing.~ Data recorded on the CADDE II
system can be automatically sent to the Lawis Time-Shared
Computar Facility for on-line analysis. The computers used
are two IBM model 3€0s67 units running in full duplex
oparation. The virtual memory hardware gives each user an
apparent core size of four billion bytas (8 bits equal
1 byte}, thus offering an almost unlimited capacity for data
analysis. Fav data is stored on high-spead disc storage
units for use ian the analysis prograams. A flexible data
analysis and control package is used to process the raw
data, apply the calibrations, and present eanginesering units
to the analysis progras. This analysis prograa contains all
the calculations desired for a given test progras.

The results of this analysis are processed by the
output section of the system for display in the facility
control room, either on alectric typewriters or on a variety
of high-speed graphic displays. Both list2d nueeric and
graphic data can be prasented., The data display is under
control of the project eangineer, making critical coaputed
data available for decisions concerning future test points.

off-line batch processing.- The bulk of <the data is
processed after the tunnel run is completed., Typically, the
same program that is used for the on-line data is used in a
batch aode on the time-sharing system. Data is then printed
on high-speed printers or processed on off-line microfilm.
The microfila will accommodate both listed numeric dacta and

graphic output,

In addition to the time-sharing systew, data can be
analyzad on an IBM 7090 direct couple system or on a
UNIVAC 1106 systenm.

Dff-line apaloq processing.- Off-line processing of
analog data is handled by a variety of intarcoannected sigaal
processing systems, In addition to strip chart and
light-beam oscillograph recording, a Fadaral Scientific
UA-6A spectrum analyzer is available, as are I-Y plotters,
oscilloqraphs and an analog computer. If digital processing
is desired, data may be read from the analog tapes and
digitized by the use of an SEL 810A computer with a 48
channal MJX and A/D converter. The oatput is a 9 track
digital tape in the Lewis GIF format. This tape can be read
on other Lewis digital computers for additional processing.
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MODEL INFORMAT ION

Model Size

figure 21 shows the approximate marimum projected
frontal area (madel plus support strut) for tunamel starting.
Since the 1limiting wmodel size is influenced by such factors
-as model shape and location in the test saction, each model
proposal aust be evaluated independently.

"Model Design Criteria

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

Steady-state _loads.- The allowable stresses for the
maximum loading conditions should not exceed 1/5 of the
ultimate stress or 1/3 of the yield strass, whichever is
least. In addition, for wmembers loaded as columns, the
Euler critical 1load should be at Jleast three times the
applied load.

Supersonic _starting loads.- For starting 1loads, the
design should be based on a 10° air flow direction added to
the angle of attack cf the model at tunnal starting. The
dynamic pressure used should be maximum tunnel dynamic
prassure as given by figure 3(b) or Eigure 4(b}. #hen using
this criteria the allowable stresses should not excead 1/2
of the yield stress. This technique for considering
starting loads 1s given as a general guide. Therefore;
models unusual in size, shape, or operation, may require
special analyses.,

A1l auxiliary parts of the nmodel exposed to the air

stream and nominally at zero angle of attack should be
evaluated at 102 angle of attack.
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Pressure Instrusentation

The recosmendad pressura tubing siza is  1.59 am
(1716 in.) outside diameter and 0.30 mm (0.012 in.) wall
thickness. 5Static pressure orifices should be flush with
and perpendicular to wmodel surfaces.

Sting-mountad models built for tasting in the tunnel
should have the tubing extend at least 0.97 a (3 f£t) beyond
the sting socket to allov for connections. For wmodels
mounted on a ceiling strut the tubing should extend at least
3.05 ma (10 ft) beyond the top of the strut.

Rakes should be designed to avoid resonance with model
operating mechanisas. All rakeés located upstream 2f an
engine or other rotating machinery must be vibration tested
bafore use. Any brazing required on rakes should be the
silver-braze type. Rake tabes should be spaced to measure
equal areas facilitating gressure intagration. A filler
plate should be provided to replace each removable rake,

Thermocouple Wiring

All model tharmocouplies should be made with
high-temperature glass-insulated thermocouple wire of as
heavy a gage as practical. Leads extending from the model
should be long enough to reach the appropriata strut
terminal panel and should terminate in Tharmo Electric Co.
Type 2P5S plugs.

The following table lists the type and number of
thermocouple circuits available at each strut terminal
panel:

Terainal Panel Quan. Wire Type (ISa)
Sting strut 65 Iron/constantan Type J
" 20 Chromel 7alumel Type K
n 25 copper/constantan Type T
Ceiling strut 40 Iron/constantan Type J
" 45 Chromel/alumel Type K
" 20 Copper/constantan Type T
" 20 Platinue, 13% Rhodium/Platinus Type B

16



Actuators and Position Indicators

To accomplish remote positioning of wini tunnel model
coaponents, screwjacks and hydraulic cylinders are commonly
used. Electrically driven screwjacks should be provided
with linit switches to protect the model and mechanisk fron
damage due to overtravel. Hydraulic cylirders should be
sized s0 their travel cannot exceed safe limits and they
should be of the cushioned type if they are to move rapidly.
The hydraulic systeam available has a capacity of
3.79x 10-3 ad/sec (60 gal/ain) at 2.07x10? N/m2 (3000 psi).

‘Bemote position indication is often provided by a
linear or rotary potentiometer. Each potentiometer should
-have a total resistance of 100C ohas and be linear within
0.1 percent.

Electrical Cables

‘Electrical «cables from the model are terminated in
conpectors which mate with an existing cable systenm
extending between the tunnel test section area and the
control room, The types of cables available are:

Power cables.- Type "A"™ cables are used for heavy powver
circuits (greater than 2 amperes at 28 volts or 5 amperes at
120 volts). Several of these circuits may be grouped in a
single cable. Type "C" cables are used for small mators,
limit swvitches, selsyns, and so forth. Several of these
circuits may also be grouped in a single cable.

Signal cables.- Type "X" cables are used only for
strain gags type transducers, as each terminates in a sigaal
conditioner in the control room. Type "B"™ cables are used
for other circuits requiring shielded wires, such as
potentiometers and servovalves. Type "K" cables are coaxial

type and are used for piezoelectric transducars.

Each davice should use an individual cable.
Diffsrential transformers should use separate cables for
power and signal. The shield of each cable is fastened to
the connector cabla claap.
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The

types

and

nuabers

of model

Ccables

and the

termination details are given in the following tables:

Type Quan.’

Type

18

16

Juan.

20

100

100

20

Sting Strut Terminal Panel

cable

& conductor
No. 9 ANG

12 conductor
Noc. 16 A¥G

6 conductor
No. 20 ANG
shielded

Ceiling Strut Terminal Panel

Cable

6 conductor
No. 9 AWNG

& conductor
No. 16 ANG

6 conductor
No. 20 AsG
shielded

8 conductor
No. 22 ANG
4 shielded pairs

KRG &58/s0
coaxial

Cable Tarminal
coanector

MS 31004-24~105
NS 3100A~24-195

MS 3100A-145-65

Cable Terminal
Connector

M5 3100A-24-105
M5 3100A-165=-153

M5 3100A~-145-63
85 3100aA-18-15

BKC male

Required Mating
Connector

S 3106a~24-190p
S 3106A-24-19P

KS 3106A-145~6P

Required Mating
Connactor

M5 3106A~-24-10P
MS 3106A~-165=1p

M5 3106A~-14S-6P
85 3106A-18-1P

BNC famale



FACILITIES AVAILABLE TO USERS

Model Stands

Six model+-mounting stands are located in the shop area
for assembly and check-out of a model prior to tunnel
installation. Four are for sting mounted models and two for
ceiling strut models.

For the sting-socounted model stand, the sting centerline
is 1.22 = (4 £ty above the floor or 1.52 m (5 ft) if a
spacer is used. B connector pahel is available at each
stand which is identical to the panel installed in the strut
for connecting instrusentation, This panel makes it
possible to check all instrusentation in the model prior to
tunnel installation.

For the c¢eiling strut model stand, the model is
suspended by its strut from an overhead support between two
columns 5,44 m (17 £t 10 in.) apart. The support itself is
3.28 m (10 £t 9~1/4 in.) above the floor. The model may be
hung at a convenient adjustable working height. The stand
can be positioned in three different places on the floor,
each 1,52 =& {5 £t) apart, for wvorking clearance between the
model and the shop wall.

Machine Tools and Lifts

The wind tunnel shop contains an overhead 18 100 kg
{20 tony capacity crane and a collection of machine tools
including two lathes, a milling machine, Do-All bhand saw and
several drill presses and bench qrindears. For sheast-metal
work, a 0.391 m (3 ft) 1light gage roll, 1.52 a (5 ft) 1light
gage bending brake, 1.22 m (4 £t} light gage shear, 0.6 m
(24 in.) throat punch, and a throatless shear ars available.
Various size surface plates are avallable for setup and
layout work. There are several types of hand trucks and a
0.61 x .91 m (2 x 3 ft) =elevating table with a capacity of
900 kg ({2000 1b.).

R tool crik located in the shop area has a complete
line of hand tools including some hand power toocls. Also
available are acetylene, electric, and heliarc walding
equipment as well as a small spot welder.
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Electrical Systens

At either the shop model stand or the tunnel test
section the follawing types of electrical pover are
available:

Lud volt, 60 cycle, 3 phase, 1.C.

208 volt, 60 cycle, 3 phase, A.C,.

—

120 volt, 60 cycle, phase, A.C,

208 volt, 400 cycle, 3 phase, Ai.C.

i

120 volt, 400 cycle, phase, A.C.
26 volt, 400 cycle, 1 phase, A.C.

28 volt, D.C.

20
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6.030 (%%)1
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798\.313
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TR 165

umber af key slots
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with strength requirements of
model in the "roll** direction
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\
\
\
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<£1,424.56) or suit-
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"_Note: If model is ta be run
for side forces, rotate key-
way and hofe pattern 908

—Recommended moedel support

location - this is also lpad
application point for lift link

¢ - Drag application
|
_~& Balance and 1if

application

~~End may be modified
provided essential di-
mensiens shown
above are held

CD-6255

Dimensions in cm (in.} unless otherwise noted,

figure 13, - 2%-! nch strain gage balance,
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E-g151

Drill and tap (5/16-18 NC} B 255(3. Zﬁi?l)_"l 8,89 (3.50)
4 - . 292 yo : .
holes equally spaced on ¢ \ g 26003, 29 1\ ] ‘ 25064 drill through
005 (0 02) R, max, - \ 3 58 (3. 38} ! ! r~11.43 (4. 50) min L CB . 62¢3/8 deep
Knockeut holes on ¢ ‘\ ARSI -
1 .
2 required in Il.nex \\ 450 , II ; | T 0.376) g (g :g{l})
NS W R \
239 \ 1 1200 ] [= " Drill and tap \ /’_11& 5o 33;)
T - _ L (8-32 NC} : !
125514 94)—1} il } 5 w0 | H==1
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\ | . . A
0 64 (0 25— 1. 28 (4, 44) ~~-Drill and tap 4 ! 8.2 (3.2 | \Lz_ﬁq{l'um or suit-
B (5/16-18 NC} - 4 holes “ ; 'l able to model
70, Section A-A  equally spaced - Al )
1.270.50 i :ﬂradd[yg r?:nterlme L Note: Total number of keyslots may L Note: It model is fo be run for
———@\— be reduced, if consistent with side forces, rotate keyway
¥ ~~Typical radius strength requirements of model and hole pattern 99®
View B-B Recommended model in the "'roll"" direction
. : ~ Recommended model support location -
8.26 (.25 - diam. sleeve colet iby NASAI~, Support facation -~ .10 (g_-_g._gﬂg)_ " this is also 1oad application point for
0 9,12(0 375) 0030 (0, 12) e fom ~Const, -temp. jacket -~ lift link
] , L 0.30 (0. v / P
04810193 I s \ |--A /. f e
177 b .
] - I - - - .
' _..—— End may be modified provided
| |_———¢ Drag link P essential dimensions shown
- ," = above are held
| I T
4 3,502 69
6z3.000—~ 0.64 . sz—-E I 600 IS 24(6.00 — g
R, 58 (3. 581 len— 11.43 {4, 50) =} 39. 85 {15. 69} . < __]
y 52. 22 (20, 56) - CD-6266

s
7

Reference End of sting (at assembly]—/ Dimensions in ¢m {in.) unless otherwise noted,

assembly CD-72073 .
Figure 14. - 4-Inch strain gage balance.



—Drill and tap (3/8-16 NC}
0.0540.02)  * 4 holes equally spaced

R. max: 1 0.635/0. 2500
noone 7 63610, 2505
Knockout holeson & \ 10.478/4. 125 {29764 Drill through 12.062 /4.74
2 required in Ffine —~ Y 40 rm(q_ 127) counterbore %, 12,060\, 748
N \ \ .270(0 500) 0.64 x 7116 deep) \
1 2 \ 270, 501
1.588 0 625 N\ } '
10.80 (4. 54 § 3147 L 590 0. 626 \ i
R (5.62) | WY F=H
9.52 1.42 (.56)-w || = min. t___ 12 692(4. %
(3,75 max |y 16 51 6,50 —b| | = f f o | [——cf] 12 690\4.9%
11 58 M 56)H — A S Brill and tap El f—=1
—! {10-32 NF-3) =2
-—1 27 (0.50) AN 0.794(0. 3125 3125) L ambl *It;-
3.18{1.25) L il and tp (31816 NC\] 5 0.795:0.3130 \ L3, 18 (L. ) or suit-
™~ Drill and ta
0.64 (8. 251 15. 24 16, 00) —= 4 holes equg”y spaced - o Note: Total number of keyslots may \\\ asle to model
B B straddel be reduced, if consistent with \
L2 (. 5”’ £ _48 sectionAA ¢ strength requirements of model L If model is to be run for side forces,
_@ TS in the *'rol{" direction rotate key way and hale pattern 90°
! l View B-B ~Typicat radius
10, 48 {4, 125) - Recommended mode!
diam. sleeve cotlet (by NASA)—, support 'Gca‘ioﬂ-\\ ~Recommended mode! support location-
. Z0 (0. 500 \\ 0.46 (0. 18) =, Const. temp. jacket~ [ this Is also load application point for
Z2\D. ' [* i it link
0.64 0.5 A W . > t
] |
2R i
! 1
1 | ‘ _12.700 - ¢ Drag link
+H \‘ e e
A1 | ,"_ !I___ S— 12 890\0 9995) v ~~ End may be modified
fr i " 0.9 (0.39) T provided essential
! : . dimensions shown
9.8 (3.88) | L1505 (7. 50) e——19, 05 {7. 50)——— l: 111318 above are held
1.124.38 e 15,09 (5, 941 — 29.22 (19.38) L 6ZHL )
- y 65.74 (25.88) ~ p-ag3
Ref e
assgﬁbnl;ECE-nB} End of sting {at agsembly}-~

Dimensions in cm tin. ) unless otherwise noted.

Figure 15, - 5-1nch strain gage balance.
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Drill and tap {1{2 - 13 NC}

20. 3208, 00) min

£-8151

L 0.953 (0.3750
0.954 10. 3755

4 holas equally spaced on 't-\ 16. 21(6.38) f}
/4
3 /
Knockout holes on ¢ Y %i g?g (2 ;552)_] ,i.f
2 required in Iine-\ \ o 1905 (0.750
Voo L > 1908 \0 751
o i) 1 Drilt and tap
16, B1(6. 62) j 'y 11/4 - 28 NF)
1. 75(0, 69=3 I~
13, 3445. 25 D.05(0.02) R max B [
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F—ZZ 7118, 94) H /
17.6316,94) | 2
T
/
4 - ""*-‘-No!e: Total number of key slots
a0 [~1.5710.62) may be reduced if conststent
o100 T e with stre_ng!h requirem_ents_
3 18{1 25~} 21 2408, 44) S —Drill and tap (112 - 13 NG} of model in the “'rol?™ direction
B ¥ B 4 holes equally spaced -
1. 270,50 L J Sectian A-A straddle ¢

L -
L), W—

View B-B

0. 6410, 25)

Recommended medel
support Iocation —,

Const. -temp. jacket

4164 Drill through

CBO.%0x 58 deep—\‘

!
!

f

L Note:
for side forces, rotate key-
way and hale pattern 90%

17.772 {6,997
i7.770 \6.996

]

4.45(1.75 or
suitable to mode)

L 14.611(5.75) =~

|f mode! i5 to be run

14, 6115, 75r-diam sleeve callet (by NASA) \
4 _\\ \ ‘\ _.—Recommended modei support
1.905 {0,750\ N 0460 1grlp \ =77 tocation - this s also load ap-
0.97(0.38) 1908 18,751 3 T - A ) L plication paint for lift tink
5
. I N - —_———
T 1 ]
| i s frooo) ) )
] 17779 \6.50%5 e T
rag lin N
; b /" ~ .
S | [ - = “—End may be modified
P t — — provided essential dimensions
13976550~ [/ 1, 2710, 50)—e t- l;‘ ;52',) IT %55’ shown above are held
15. 8816, 250~/ L 30, 9618, 25) 26, 67410. 50 26, 67 (10, 50) - :
68.91(27.13)
81, 59(36.06) S CD-4833
Reference -

assembly CE-72153

End of sting (al assemmy]—/

Dimension in cm {in.} unless otherwise noted,

Figure 16. - 7-Inch strain gage balance.
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0.38(0. 15) o e

1, 2740. 500
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2
£
0

0. 32)*7 =TT (L3

{1 &7}
z References:
( Transmitter details - CF 89287
Elecirical instaliation - MDS 900
£
450(0. 177) diam
3.35

3.567(1. 416}

119N \\ (1, 0D
‘_ Horizontal reference surface

Dimensions in cm{in,)

Figure 17, - Angle-of-attack transmitter,
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E-8151

I
Tunnel

¢

i

1

I
-
[ ]
—
e
]

f —
| r =
- ﬂ%f I - . - - -
: L J
! )
Receiver {11 i i
\ units —r" ¥ — !
' £
/ ! L
'y oL gemisin.) diam ‘. }-Light source F-9L 4 cmi3s in.) dian
/, parabolic mirrors '1 ; I.f units : parabolic mirrars
!
1
|
@ﬂ _ nl /

£ Test section N
windows

CD-d032

Airflow

Figure 18. - Schlieren system plan view.
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View looking downstream

Figure 19. - Schlieren system elevation view,
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E-8151

Temperature
readouismv

Automnatic voltage

digitizer (AVD)

Model pressures

readout

Control room
flexowriter
1 trawdata)

CADDE 1

#43-Port scanivalves -
8 available

Control room

_Fontrf room / Fax-plotter typewriter
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Q
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Figure 20. - Automatic dafa recording and pracessing system,



Modef area, t2

MASA-Lewis
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)
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1.4 ! i | l { { | |
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Mach number, M
Figure 21. - 10- by 10-foot supersonic wind lunnel starting limitation.
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