LWP - 799
Copy No.

LANGLEY WORKING PAPER

‘THE LANGLEY TRANSONIC DYNAMICS TUNNEL
By Staff of the Aeroelasticity Branch

Langley Research Center
Hampton, Virginia

NOTICE

This document is provided for reference only.
Although the information contained herein is
generally correct, tunnel performance may be
different from that shown and certain hardware
items may no longer exist. Prospective users of this
facility should contact the Head, Configuration
Aeroelasticity Branch, MS-340, NASA, Langley
Research Center, Hampton, VA 23665-5225,

Area Code: (804) 864-1207, early in any proposed
model program to obtain the latest information.

Crts-paper-is gIver et mizthuting

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

September 23, 1969

Last Printing 7/92






LWP -799

LWP - 795
Copy No.

LANGLEY WORKING PAPER

THE LANGLEY TRANSONIC DYNAMICS TUNNEL
' By Staff of the Aercelasticity Bra.nch

Langley Research Center
- Hampton, Va.

This paper is given limited distribution
and is subject to possible incorporation
in a formal NASA report.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
| September 23, 1969






LWP -799

September 23, 196¢

LANGLEY WORKING PAPER

THE LANGLEY TRANSONIC DYNAMICS TUNNEL

Prepgred by

Staff of the Aerocelasticity Branch

;l\pproved. by _ﬁ - é;. ’&a«r—r»e/é
' I. E. Garrick
Chief, Dynamic Loads Division

Approved for ‘ A % / .
distribution by %}g A 7///«/ |
: g ] .

LANGLEY RESEARCH CENTER

- NATIONAL AERONAUTICS AND SPACE ADMINISTRATION






- TABLE OF CONTENTS

PAGE
TABLE OF CONTENTS + « + v v v v s v o o o o e e o v e e e o e P 1
LIST OF FIGURES . . « « « « « + « o « « & S £
INTRODUCTION . . . . . e e e e 1
DESCRIPTION . . . . .« . . W s e e s e s e e e e e e e e e e e e . 1
ATRSTREAM OSCILLATOR SYSTEM eve oo oo imie ol o s S L 3
MODEL SUPPORT SYSTEMS . + = « « « « « o o w vim 0 e m e e e e ee 4
 NONELEGTRICAL UTILITIES FOR MODEL + + & v v v v v v ov v v v o v v ua s 5
INSTRUMENTATION, CONTROLS, AND DATA HANDLING . . . . . . . . . 6
MODELS .« < « v « . . . R S 10
REFERENCES . . v 4t ¢ o o o o o o 4 o s o s s o6 s« 2 o o s s o o o « s 12
APPENDIX I - MEASUREMENT OF TUNNEL FLOW CONDITIONS . . . . . . e e e e s 14
Total head pressure (H) . . . . . . « +« « + . . I S
Static pressure (P) . . . . . . . .. .. ... .. e e e e 14
Differential pressure (H-P) T o 14
Stagnation temperature (Ty) . . . . . . . . . .. .. 14
Freon purity (X) . . . . . . . .. e e i e e e e . 14
Mach-q Meter . . . . ¢« « . . T T e e s e e ee e e 15
Imput « . & & v ¢ ¢t v e e e e e e e e s e e e e e e S e e e 15
Computer operation . . . . . . « . . . ¢ ¢« o o o0 .. . e« 15
ACCUPECY & ¢ o u o o 4 6 6 e e e s e e s s e e e e e e s e s 15
Estimation of Flow Characteristics « « « « « « « & o « o « o « o « & 16
AiI‘ ¢« o o @ ¢ e o @ v ® & &8 8 €& o 2 a2 ® & . . ‘» n. ¢« » L T 16
Freon-a.ir mixtl’re L L P L © e & e & e e e e..0 s ‘. 16
Equations for Flow Cheracteristics . . . . + « . . = e e e e S 12
A:LI‘ e s o ® 8 @ @.% e ® s+ s s a @ a2 6.8 s 4 e e e s e = e e s a 16
Air-Freon mxtures .................... - 16
Ratio of specific heat, + . . . . . . . R 16
. Speed of sound . . . i e e v 4 e b e e 6 e 4 e e e 8w e 17
Mess density . . . ¢« .« . ¢« . v o .. e e e e s s e e e e ea 17
Viscosity, R . . « « « ¢ ¢« o . R PR Y
Calculation of Tunnel Parsmeters . C e e e me e R I

"Bquations . . . . . . .. T T TR W e e e 18



APPENDIX TT - TUNMEL DRIVE . . . » « o v o o . .

‘Motor performance . . . . . . . ..
Speed control . . . . . . .

- APPENDIX III - TUNNEL CALIBRATION . . . .
Mach number distribution . . . .
Wall boundary layer survey . . .
Turbulence . « . . + ¢« ¢ & ¢« + &
Bypass valve operation . . .

Airstream osc1llator characterlstlcs

s s e LI )

PAGE

22,
22

2%
24
235
25

[

4
-
'y
z



LIST OF FIGURES

Figure 1.- General Operatlng characterlstlcs of the Langley transonic dynamlcs
tunnel.

(a) Operating envelope using air or Freon-12 based on T = 130°F
with no model in test section.

(b) Operation with Freon.
(c) Operation with air.
Figure 2.~ General“arrangement“of"the“hangley:transonic dynamicsutunnel.-;.wm

Flgure 3.~ Cross section through laboratory building, test chamber, control
room, and test section.

Figure 4.~ Representative variation of tunnel stagnation temperature with drlve
system power. Cooling system on above 100°F. '

Figure 5.~ General arrangement of test sectlon.
Figure 6.- Cross section views through test chamber and test section.
Figure 7.- Control room floor plan.

Figure 8.~ Sketch of airstream oscillator vanes and model, with cutawsy
showing schematic of mechanism.

Figure 9 - Approximate Mach number decrease caused by models, struts, and
other objects in test section.

Figure 10.- Sting support system.

Figure 11.- Path of.travel with angle of attack of twq stations on a sting.
Figure 12.- Stings and adapters.

A Figure 13.- Sidewall mounting plate.

. Pigure 14.- Crossbar support.

Figure 15.~- Turntable ingtallation.

Figure 16.- Bolt hole locations in turntable.

Figurebl7.- Two-cabie»moun#.b

Figure 18.- Model on two-cable mount.

iii



Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure
. Figure
Figlire
Figure

Figure

Figufe

Figure
: Figu.re

Pigure

19.~ Schematic Adiagra.m. bf typical ltwo—cable mclalunt\\‘ systems and snubbers.
20.- Schematic diégra.m of aeroelastic buffet model support syétem,

> 21.- Layout of utilities. |

22- - Model 1eads ~layout.

23.~ NASA 36-bit time code (modlf:.ed for po:.n’c number ).

24. - General block diagram of telemetry system. |

25;; Dimensions and mass propertiesxvof tglemetzy?‘cox;xponents.

26.- Veriation of Reynolds mumber-per umit-lengthr with Mach number for

27.- Compressible flow relations for a 95-pér'cent. Preon-12 air mixture.

28. - Speed bf».éqund' for 95-percent Freon-12 air mixture.,

29.~ Mass density of 95-percent Freon-12 air m:.xture

30'.- Absolute viscosity of 95-percent _Freon—12 air mixture.

31.- Variation of Reynolc- number per unit-length with Mach number for
95-percent Freon-12 air mixture.

32.- Longitudinal Mach mumber distribution.
| (a) Tunnel_,c'en‘berline. Test medium, a.n_r
(b) Tunnei sidewalls. Test mediu‘ni, gir.
(¢c) Tunnel top. Test medium, air.
(d) Mél sidewalls. Test medium, F:reén.‘
(e) Tunnel top. Test medium, .Fr'eon'.

33.~ Maximum static varistion from average value of loca.'l. Mach number
between stations 64 feet and 78 feet.

34.~ Approximate maximm deviation from reference Mach nmumber of
average Mach number between stations 64 feet and 78 feet.

35.~ Sample test section wall boundary la.yer velocity prof:.les.
(Station 69.5 feet, center, east sidewall.)

iv



Figure 36.- Test section wall boundary layer thickﬁess. (Station 69.5 feet,
center, east sidewall.) '

(a) Freon-12.
(b) Air.

Figure 37.- Preliminary turbulence survey. Station 72-0, centerline, ‘Freon.
X~hot wire probe. .

‘Figure 38.- Effect of bypass valve operation. -

Figure 39.- Representative characteristics of airstream oscillator at
Sta. 72.0 £ty M =0.22, q = 53 psf, Freon—l2 osclllator vane
angle t 5. 93 deg., vanes in phase. ‘ _

’Flgure 40.- Variation of vertical and horizontal components of gust angle
across stream along axes through tunnel centerline. Vanes
180 Mout of sync," vane angle + 6°, Mach number 0.23.






NATIONAL AERONAUTICS AND SPACE ADMINISTRATION -

THE LANGLEY TRANSONIC DYNAMICS TUNNEL

by Staff of the Aeroelasticity Branch
INTRODUCTION . . ..

The Langley transonic dynamics tunnel was de51gned to fill the need for
a transonic wind tunnel capable of testing dymamic 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 O to 1.20 at
pressures ranging from about 0.2 psia to atmospheric pressure within the
limits shown in figure 1 for the tunnel empty condition. Either air or
Freon-12 is used as & test medium. Freon-12 (dlchlorodlfluoromethane) 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 “simplifying data read-olut because of slower time scale, of permitting
closer simlation 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 as a test medium is discussed in references 1-4. 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 dynamics tunnel, as shown in
figures 2 and 3, are the pressure-tight steel shell, electric motor drive
system, cooling system, gas-handling system, tunrel control room and obser-
vation chamber,-transonic test section, and model calibration laboratory._

4 The drive system consists of a two-speed range wound-rotor induction
motor directly connected to a single stage fan, adjusteble prerotation and
stator vanes, and motor speed control system. The fan 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 of a liquid rheostat and
eddy current brake to better than + 1/4 percent. In each speed range the
meximm shaft output is 20,000-horsepower contimuous rating. Test section
Mach number, which depends on compression ratio across the fan, is controlled



by varying .'bh‘:‘: motor rpm and/or remotely va.rylng the angle of prerotation
vanes located :head of the fan. A more detailed description of the drive
system is given in Appendix II. ’

. The tunnel cooling system consists of a cooling tower, pumps, and a
two~row, vertical-finned tube cooler across the wind siream (fig. 2), through
.which water is circuleted to maintain & test section stegnation temperature
of less than 140° Fshrenheit. Representative tunnel stagnation temperature
variation with power is shown in figure 4. ' .

A large capacity pumping and gas separating system is used to vary tunnel
pressure and change test medium. Valves are located upstream and downstresm
of the test section, as shown in figure 2, which may be closed to isolate the
test section and surrounding chamber, thereby permitting more rapid access to
the model by reducing the volume.of gas which mst be handled. . Average times
for performing these operat:_ons are shown in Table I. It should be noted that
these gas-ha.ndling operations can extend testing time considerably for progreams
requiring frequent model adjustments. A typicel flutter runm, for exa.mple, ey
take two to four hours overall time when Freon-12 is used and tunnel access.is
requlred between runs. S .

The test section and surrounding 60'-foo_t-di'amete_r_ test chamber are shown
" in figures 2, 3, 5, end 6. The test section is about l6-feet square with
filleted corners, giving a nominal cross-sectionsl area of 248 square feet.
The ratio of area contraction of the entrance section is 8.9:1. The test
section has a feirly uniform flow region which varies in length from about

30 feet at the lower subsonic Mach numbers to about 10 feet at the h:.ghee‘.t
Mach numbers. Through this region the centerl:n.ne Mach number variatiom is,
at most, sbout + 0.0l above Mach 1.0 and is generally less tha.n + 0.005 below
. Mech 1. 0 A descr:.pt:.on of flow characteristics and calibrations is given in
_ Appendix III. Transonic flow is generated by 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 test region. To alleviate model blockage effects, two short
auxiliary slots’ are located on each of the two sidewalls giving an additional
2.3 percent open area. Tunnel wall correct:.ons 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 spplied (see Appendix III).
Double~hinged diffuser flaps across the width of the test section at the
downstreem ends of the slots in both the floor and the ceiling control flow
reentry. The lower slots may be closed along the downstream 20 feet of their
length when work on a model is in progress to preven'b 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 l4-foot hatch gives entrance through the
tunnel shell. To facilitate handling of heavy equipment and models , & 6-ton
crane 1s pronded in the test chamber above ‘the test section.

A device has been pronded to qu:.ck.ly reduce the test section Mach
number and dyna:mic pressure. This device consists of four quick-opening
velves located in bypase lines which comnect the test chamber and the tunnel



return leg downstream of the drive motor nacelle (figs. 2 and 3). Information
on the reduction to be expe_,c_ted_ is given in Appendix III.

All tunnel controls are mounted in a 32-foot-long, l5-foot-diameter
control room located withln the test chamber slongside the test section
(fig. 2).  The control room is connected to the third floor of the building by'
a2 corridor end remsins at atmospheric pressure. _.During tests the. model -

' controls and instrumentation are located in the control room or .in the data
1nstrument room on the third floor. A floor. plan of the .control room, -drawn
_to the scale indJ.cated is given.in figure 7 to’ facilltate instrument.
location planm.ng. Direct visual observation of the model from the control
room is provided from the side by eleven w:.ndows, each 18 x 24 inches, from
a 3/4 front position by & 12-inch-diameter w:.ndow, and from a 7/8 rear view
by.a small observation dome projecting into the a:.rstream Just forwa.rd of
the downstream isolatn.on valve. R o

To perm:.t mov:l.e photography, the test: sectz_on has 60. k:.lowatts of built-
in lighting to provide up to 600 foot-candles. of 1llum1nat10n from the front,
rear, and. side.in the volume occupied by the ususl model. - Several 16 -mm

 cameras using AOO-foot reels are available for teking movies at several freame
rates from 24 to 400 frames per second Specialized cameras can be made
avalla.ble when required.. (TR : SRR

_ ATRSTREAM OSCILLATOR SYSTEM

A simulated gust field may be applied to the test section flow in the
form of & sinusoidal oscillation of the flow direction. - .This oscillating
flow is generated by a 'b:Lplane arrangement of vanes on either gide of the
‘entrance section as shown in figures 2 and 8. Frequency is. verisble from O
to 20 cps, and. the two sides may be operated either in. phase or-up to 180°
_out of phase.-.- Vane ampl:.tude is mamially adjustable (vanes not operating)
from 0 to 12°. The operation of the vanes is power limited such that at
20 ‘cps-the ma.ximtm tunnel dynamic pressure is about 60 psf for 120 vane
angle and about. 350 :psf-for 3° vane angle. The veriation of gust chara.c-
teristics with frequency end position is discussed in Appendix III.. In - -
general, more specific information on airstream inputs for a given gust
research program will be obtained from measurements during the investigation
_at applicable test conditions. More detailed 1nformat10n about the use of the.
system is salso g:x.ven in reference 6. : . :



 MODEL SUPPORT SYSTEMS -

The ~.de varizty of model configurations which have been investigated in
this wind tunnel has required the use of numerous  different support systems
to meet the special requirements of each model. Several of the most frequently
iised systems are described in the following paragraphs. :Model configurations
which require support in some other manner (rods, wires, etc.) mey also be.
tested but approval of the des:.gn prior to construction is required. Stress
analysis of all mounting systems, where appllcable, mist be submitted prior
to testing. For all dynemic models suppcrted in a menner which permits bocdy

. 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 restreint, this-condition must also-be included in the analysis.
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 must be submitted prior to constructlon of models and support systems
to be tested in this w:Lnd “tunnel.

Although not a crltlcal cons:.deratlon for many tests, support systems

and model configurations having unusually high drag characteristics will
appreciably decrease the tunnel Mach number capabilities and increase power
requirements. This is especially evident with bluff or cylindricel supports
and struts perpendicular to the windstream at supercritical Mach numbers. An
estimate of the decrease in Mach number to be expected below that of the
corresponding tunnel -empty valve shown in figures 1(b) and 1(c) may be made
from figure-9. - This figure shows the approximate Mach number decrease, AN,
vs. & drag parameter, I C.A, where I represents the sum of each area
xmzl’ciplled by the respectlve drag coefficient for &ll of the obj ects installed
in the test section. Allowance should be maede, of course, for the effects of
waeke on those objects directly downstream of bluff ‘bodies. The drag parameter

Z g- 5. which -is "the sum of the drags of the various ob,]ects div:.ded by dynam:.c

pressure, may be used instead of Z 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 iterative steps may be
necessary to determine reasonable values of drag coefficients in the range
of Mach number where large variations occur. Power requirements. are increased
over those shown in figures 1(b) and 1(c) at corresponding Mach number and.
dynamic pressure conditions up . to about 20 percent over the range of Z CDA
shown in figure 9. ' - :

One model support system for the transonic dynamics tunnel consists of =a
‘moveble cantilevered sting, mounted on & vertical strut located downstream of
the test section (fig. 10) The sting maey be traversed vertically to maximum
displacements of 62-5/8 iuches above and 64-1/8 inches below the tunnel
centerline, and may be rc-ated through an angle of attack range of about
+ 15 degrees, the center of rotation being sbout a fixed point in the test
section at station 71'-11.7". Streamwise and vertical displacements of two
points on the sting from zero angle of attack positions are shown in figure 1l.

4



The motion of ‘other: points along ‘the sting may be - determlned using this plot
Figure 12.is:a sketch of some of the stings 'and mounting sdapters available.
Detailed’ draw1ngs, gages, and. Jlgs for butt taper and threads and model—mount
details -can be furnlshed =

- A rotatable plate one-lnch thlck by 16.47 inches in dlameter is” located
in the east side wall of the test section at station 72'-0 .opposite the
" control room, as indicated 1n figure 6. It can:be rotated by motor drlve
uhrough aneangle range of 90°. Details of exlstlng holes in this plate sre
shown in figure 13. Semlspan wing models, ‘for- example, - may be attached to
*_thls plate by boltlng on a sultable mountlng butt

A crossbar support is avallable, as shown in flgure 14, whlch cah-be -
attached to:the semlspan support on one-end and plvoted on the opposite wall
on the other end. -~ This- support-provides- ‘High angie capability for relatlvely
small sting mounted models, within the load range shown in figure 14. The"
high drag of the crossbar: support, however, limits tunnel: capabillty to a
maximum Mach number of about 0. 9 and reduces maxlmum dynamlc pressure by about
20 to 25 percent S : v e .

- A remotely operated turntable, shown in flgure 15, is awallable for '
vlnstallatlon on the tunnel floor with the center of rotation at station 57'—0
The turntable can be rotated contlnuously in either direction through 360° at
the rate of 250 degrees/mlnute. ‘Angle is digitized for readout and recording.
The turntable is a massive steel plate, 8 feet in diameter, and is equipped
- with & pneumatlc system which applies pressure for an air bearing when the
- turntable is rotating and vacuum hold down when rotaetion is stopped: 'The
location of ~existing holes in ‘the ‘turntable surface is shown in figure 16
‘however, other patterns may be used as necessary. In order to cover-the -
5-1/4-ineh " ‘projection ‘of the turntable sbove the tunnel floor a falring is-
1nstalled from about statlon 45 to 69 e ,

A two-cable mountlng system (ref 8) for dynamic models of complete
girplenes:-is:often used in this tunnel.  This system" allows relatively large
amplitudes of body motion. In this two-cable system, shown schematically in
figures 17 and 18, the model is held by two cable loops, one extending to the
tunnel walls in the upstream direction and the other in the downstream
direction. = One loop:lies in a vertical plane (either upstream or downstream)
end the other loop in a horizontal plane. Each cable loop passes through
pulleys located within the fuselage contour. The cables are kept under
tension,by‘stretching:a‘soft‘springvin'thefrearﬁcable.ﬁ#Remotelyfbperated
trim control is provided in ‘the model to keep it centered in the tunnel and
is usually. operated by a slngle "pilot" using a miniature airplane-type - -
control stick.: A 1ift counterbalancing device with & low spring rate and low
‘mass is also available for use with-the cable mount if high 1ift flight '
conditions need to be simulated. The device is ‘capable-of 1ift counter-
balancing forces up to about 1200 1b. (see ref. 9). A snubber system is
provided for emergency ‘restraint.’ Although cable: conflgurations vary with

- model requirements, some representatlve dimensions are ‘shown in figure 19.
The dynemic -characteristics of the suspension system vary with model-configu-
ration and to assure adequate stability and satisfactory flying qualities, ‘an



analysis (Fortran program available) is requ:Lred before a test program is
undertaken. . Experience has also shown it advisable in investigations of
experzive a.nd complex dynamic. end elastic models, to first check out the
system with a relatively inexpensive simplified "dummy" model which is
approximately geometrically scaled but with only the overa.ll mass and inertia
propertles represented . : -

An example of = mounting system which prov:.des the i‘reedom necessary for
a simulation of free-free modes of launch vehicles is shown schematically in
' figure 20. This system, which was used successfully in one investigation, is
described in reference 10. Briefly, it consists of & sting on which the model
is supported through a system of cables and springs. Leaf springs support
the model. at the forward and rear node points through pulleys to support the
weight. . The cables run outside to adjustable torque -springs which provide
the remaining part -of. the-pitch .stiffness+ - The-pneumatically operatéd -
 snubbers were used to restrain model motion with respect to the sting when
necessary. Another feature is. the electromagnetic shaker used to excite the:
model in its elastic vibration modes in order to determine the aerodynamic
demping in each mode. Since mounting systems of this type are highly -
dependent upon the particulsr model configuration,. extensive modifications to
existing hardware would probably be necessary before it could be used again.

NONELECTRICAL UTILITIES FOR MODEL

Stainless steel tubing has been installed in the wind tunnel, terminsating
near both the sting support and the semispan mount, and in the calibration
lab, terminating near the backstop, end mey use air, weter or hydraulic fluid
to operate mechanisms .such as shakers or motors in the models. Provisions are
made for routing this tubing through the tunnel control room if manual valve -
control is required. Details are given in figure 21. A pump is installed for
pumping 150 gpm of treated water at approximstely 90°F. . Chilled water (about
4O°F) is available through & heat erxchanger cooled by water from 8. central
system. ,

INSTRUMENTATION, CONTROLS, AND DATA HANDLING

Readout and recording equipment and model controls are normelly assembled
from portable components, and are located in the tunnel control room or data
~ instrument room during tests. Space is provided in the shop area adjacent to
~ the control room for any equipment that cannot be placed in these rooms.
Equ:.pment cabinets to go into the control room ca.nnot be larger than 60 1nches
long by 30 inches wide by ‘80 inches tall : _

Power ava:.lable in the control.room includes 6 regula‘hed 115 V ac .
circuits and 11 unregulated 115 V ac circuits (including seven night c:.rou:.ts) »
~with provisions for additional power supplies as requlred. Details .of the
power available are given in figure 22. B _ '

6



Permanent, 4-conductor shielded electrical leads are installed in the
wind tunnel running from the control room to points in the sting support and
near the semispan mount. The sting base contaeins-seven 32-prong comnectors
plus four iron-constantan thermocouple leads. A junction box adjacent to
the semispan mount contaeins 48 4-pin connectors. Details of the plugs
required to fit these connectors are shpwn in figure 22. Provisions are
~available for bringing other leads or p:\.p:.ng into. the control room from the
test chamber by potting through utility pipes which terminate below the
con‘brol room floor.

Data readout during tests includes both tunnel operating conditions and
model data. -Tunnel static and stagnation pressures and stagnation temperature
are displayed continuously, and test section Mach number end dynamic pressure
are computed by an.analog comp_uter and displayed continuously. Instrumentation
for measuring these quantities iz described in- Appendix-I: - The displayed -
“tunnel conditions are automatically printed for each date. 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 gage signals and other outputs from the model are read out in
various ways to suit test conditions. Static data may be read out on auto-
matic, resistive, balance-type indicators and the signals can be digitized
-and printed on the typewriter end card punch. For these indicators, 2,000
micro~-inch/inch strain gives a full-scale reading of 2,000 counts.’ Noma.lly
120 ohm gages are used but other resistance gages are. permitted Tunnel
parameters and other data on the punched cards are reduced by a Fortran IV
program through s remote terminal station located in the bullding by the
facllitles of the LRC Date Reduct::.on Center.

A lOO—tube liquid ma.nome'ber (120-inches tell) 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 75°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 hé.ndl:l.ng dynamic date vary with the particular investigation.
Some of the specislized equipment listed in the following paragraphs is used
in data acquisition and reduction:

A Hyperion Model HI-150-591 time~code generator-mom.tor 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, mimutes, and seconds. As a monitor it will demodulate time-
.code signals from magnetic tape (using compatible components) for
transferring to a visual time and point 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. |



pool.
term assigmment to the facility.

A wide variety of small instrumentation. such as scopes, power
supplies, amplifiers, various kinds of filters, recorders, and other
readout instruments-can be drawn as needed from an instrumentation

Such equipment is usually obtainable on demand or is on long-
To insure availability at a -

particular time, however, a 1ist of the specific 1tems should be
. submitted in advance.

'Specialized instruments presently available at the tunnel are as

follows:

(a) Ampex‘Corporation

401 Broadway

' Redwood City, Californla 94063

Tapesrecorder systems.

_Transports ‘ _
Model . _ FR 100C FR 600 | - FR 1200. . FR 1200
' Rec[Play ‘ 1 11 1 o

. Electronics S S
| Ipir. | Dir.| ® | M | PoM | POM | Foualizers |
Mode |Rec. | Repro| Rec. | Repro | Rec. | Repro| 1 7/8] 7 1/21 15 | £C
umber | 11 | 16 13 | 27 | 2 1 8 | 6 |16| 1
chan, i ' : '

(b) Boonshaft sndvFuchs, Inc.
Hatboro Industrial Park
~Hatboro, Pennsylvania 19040

Six No. 711 analog transfer function analyzers.

(c) Technical Measurement Corperation
441 Washington Avenue
‘North Haven, Connecticut 06473

One CAT AOOC computer of. average transients, one model COR 256

correlation computer; one model 600 computer accessory unit.

‘This

equipment can be used for,real-time computation of statistical -
quantities such as correlation functions and probability density




(d) Flow Cdrporationv_
205 Sixth Street
Cambridge, Massachusetts 02138

Two computerlzed model DFA X-arrsy constant—temperature hot-wire
anemometer systems for measuring 1nstantaneous stream flow angles
and turbulence. :

(e) Data Control Systems, Inc
Denbury g
Connecticut 06810

One subcarrier discriminator, model GFD-5. Model GFD-5 is a
transistorized, pulse-averaging discriminator designed for use in .
Data Control System's UNIDAP data systems. '~ Interchangeable; plug-
in tuning units and low pass filters may be selected for the
subcarrier channel and filter characteristics desired. Bandpass
filters mey be modified to handle a constant percentage deviation
system (standard IRIG) or a DCS constant frequency system. The
DCS employs a constant bandwidth using five discrete channels for
each system.

(£) Hewlett—Packard Company
395 Page Mill Road
Palo Alto, California 94306

~ One Dymec DY—6664 data acqulsitlon system with IBM 526 card

punch. System will sequentially measure 25 data channels at
selectable (3) sampling rates. The system uses an integrating -
digitel voltmeter which measures dec voltages in five ranges

from ¥ 0.1 volt to + 1000 volts. In addition to voltage :
measurements, direct-frequency measurements from 5 eps to 300 ke
can be made. - In addition to the 25 data channels, 10 manually set
-constants may be put into the cards by thumbwheel switches. . The .
-output of an IBM typewriter may also ‘be put 1nto 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 system are described in reference 11.
As illustrated in the general schematic layout of figure 24, the _
system receives commands and transmits data signals using a single
1/16~inch-dismeter coaxial cable. Power is supplied through two
28 V de. power cables (copper-clad snubber cables mey be used for
this purpose). The system will trensmit szmultaneously up-to 20
channels of analog date from transducers within the model. A
remotely actuated 6-position transducer selector allows use of up
to 120 transducers with the 20 channels on a time-shared basis.

In addition, the coexial cable is used to ‘transmit coded gain and
offset commands to on-board signel conditioning units in each '
channel, switch commands to transducer selector unit, operate
commands for each of three trim contrcl motors, and programmed -



operate commands to three variable speed motors. The outputs of
signal control and conditioning units modulate 20 voltage v
controlled FM oscillators (200 cps capability) grouped in four
blocks of five oscillators each, giving a moduler arrangement
such that 5, 10, 15 and 20 chennels may be used as required. -Each
of the four blocks is recorded on a separate tape channel. The
system provides ampl:.f:.ca‘bn.on to a 5-volt full-scale output for
each of four remotely selectable ranges of transducer input (5, lO
25, and 50 millivolts full scale). Transducer power is furnished
by power converters of the required voltage and number to supply
the necessary current. Current capacities of the converters and
‘requirements of the deta modulators is shown on figure 24 to aid
in determining unit requirements. ' Gyro instrumentation requ.lring
-ac power {(such as 400 or 800 cycle) ‘may be powered by suitably. .
matched 28 V'dc/ac power. converters.on~board or else-supplied:
through additioneal cables from external power sources. Physical
dimensions and mass properties for each -of the on-board telemetry
components are given in: figure 25 for model layout purposes.

 MOTELS

The use of aeroelastically and dynamically scaled models is reviewed
extensively by Regier (ref. 12) and Guyette (ref. 13).. These papers also
meke reference to numerous treatments of similitude relationships. Several

charts in Appendix I give approximate values of compressible flow relation-
~ ships and physical properties of a:typical 95-percent mixture of Freon 12
and air for use in extimating tunnel: parameters in scal:.ng models when th:l.s :
test medium is to be used. :

Because of flow considera‘bions and other problems of techm.que, discussed
to some extent in reference 14, it is recommended thet model wing spans be
limited to about 8 or 9 .feet for flutter models and to about 6 feet for gust
models. Low=-speed aerodynemic-type models may be. cons:x.derably la.rger. Body_’
lengths greater than about 12 feet may involve some compromises in flow
uniformity; renge of movement, :and support configuration. Models mounted
vertically on the turntable, as in ground wind loa.ds investn.gatn.ons ’ .should
be limited to 14 feet in height '

As ment:l.oned prev::.ously under Model Support Systems 5 model integrlty
requirements are defined in a document availsble from this facility. A
model integrity report -mist be submitted before construction of any model 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, he.ve a minimum factor of ‘safety of 3 on the y1e1d or 4
on the ultimate for all criticel structural parts:at the most severe load
conditions. . Screw-fastened joints should be capable of sufficient torque to
provide greater holding force than maximum expected loads. -No.specific
strength requirements are defined for the structures of elasticelly and
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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. Experlence has
shown that failures due to inadequate engineering of- coverlng sections,
stores, nacelles, fairings, and other sometimes’ seemingly minor ‘parts have
caused numerous delays in the test programs and on some occasions triggered
off major failures. .For this reason a .strength analysis should be made .of
‘a1l external covering sectlons and other parts in contact with the windstream.
This analysis should be based upon a reasonable estimate of local differential
pressures and should show that the part has adequate strength and stiffness
for the maxlmum test condltlons (conditlons of instablllty such a8 flutter
excepted) S :

. In addition to strength cons1derat10ns, materlals should be compatlble
with the required tunnel environmental conditions,. both during testing and..
~during processing (Freon-air interchange). Stagnation temperatures may be
estimated from figures 4 and 1(b) or 1(c). Between runs and at the beginning
of runs, temperatures may tend to approach outdoor temperatures because of the
steel tunnel shell. During Freon processing; pressures in the test chamber
are usually reduced for short periods of time to about 1 psia. Interior.
spaces should be’ suff1c1ently vented and materials such as foemed plastics
should .allow such pressure varlation without damage._ Dry Freon-12 vapor as
used in this tunnel generally causes no problems in the use of conventionsl -
model materials. There may be, however, a small quantlty of oil vapor -
present in the windstream when operating with Freon. Discharge of contaminates
from the model into the tunnel cannot be permitted during Freon operation.
Model surfaces should also permltflourescent01l flow studles ‘where applicable.

Models submltted for testlng 1n this wind tunnel should be addressed as
follows '

Head, Aeroelastlclty Branch v '
National Aeronautics and Space Adminlstratlon

" Langley Research Center
Building 648, Mail Stop. 340
Hampton, Virginia 23365

'.iTeiephOQe'numberid Arse Code‘703;y827-2665



10.°

12

REFERENCES

o,
Huber, Paul W.: Use of Freon—lz as a Flu:Ld for Aerodyna.m:.c Test:.ng
NACA TN 1024, 1946. :

Von Doenhoff, Albert E.; Braslow, Albert I.; and Swartzberg, Milton A.:
Studies of the Use of Freon—12 as a Wind-Tunnel Testing Med:.um
NACA TN 3000, 1953. :

Ya‘bes, E. Carson, Jr.; Land, Norme.n S.; and 'Foughner, Jerome T., Jr.:

Measured and Celculated Subsonic and Transonic Flutter Characteristics
of a 45° Sweptback Wing Planform in Air and Freon-12 in the Langley
Tra.nsom.c Dyna.m.:.cs Tunnel.. .. NASA.TN D-1616, 1963.

'_Pozmak, D. M.: Investigation Into the Use of Freon-12 es & Working

Medium in e High-Speed Wind Tunnel. College of Aeronautics, Cram:.e"d
(Great Brn.taln), Note No. 72, Nov. 1957.

Davis, Don D., Jr.; and Moore, Dewey Analytical Study of Blockage-— and
Lift-Interference Corrections for Slotted Tunnels Obtained by the:
Substitution of an Equ:.valent Homogeneous Boundary for the Discrete
Slots. NACA-RM L;3E076 June 1953. - - :

Gilmen, Jean, Jr.; and Bennett Robert M.: A Wind-Tunnel Technique for
Measurlng Frequency-Response Functions for Gust Load Analysis. ATAA J.
of Aircraft, Vol. 3, No. 6, Nov.-Dec. 1966 ’

Hoerner, Sighard F.: Fluid-Dynsmic Dreg. Published by the author,
Dr.-Ing. S. F. Hoerner, 148 Busteed Drive, Midland Park, 'N. J., 1938.

Reed, Wilmer H., III; and Abbott, Frank T., Jr.: A New “Free-thht"

Mount System for High-Speed Wmd—'l‘lmnel Flutter Models. ‘Proceedings
of the Symposium on Aeroelastic and Dynamics Modeling Technology,
U.S. Air Force Systems Commend, RTD—TDR-63-4197, Pt. I (1964)

Rainey, A. Gerald; a.nd Abel, Irving: W:.nd-'l‘tmnel Techm.ques for the
Study of Aeroelastic Effects on Aircraft Stebility, Control, and Loads.
Paper presented at the AGARD Flight Mechanics Panel Meetlng, Merseilles,
France, April 2-24, 1969.

Hanson, Perry 'W.; and Jones, George W., Jr.: The Use of Dynamic Models
for Studying Launch Vehicle Buffet and Ground-Wind Loads. Proceedings
of Symposium on Aeroelastic and Dynamic Model:.ng Technology,
RID-TDR-63~4197, Pt. I, March 1964.

Schrader, J. H.; Nichols, C. H.; Shriver, C. L.; and Taylor, L. V.:
A Microelectronic Date and Control System for Wind Tunnel Appl:.ca.tions.
" NASA LWP-691, Dec. 12, 1968.



12.

13.

14.

15.

-16.

17.

18.

19.

20.

' Regier, Arthur A.: .The Use of Scaled Dynamic Models in Several Aerospace

Vehicle Studies. Paper presented at a colloquium on the use of models
and scaling in shock and vibration, Winter Annual Meeting of the ASME,
Nov. 19, 1963.

Guyette, P. R.: The Use of Flexible Models in Aerospace Engineering.
RAE Technical Rept. No. 66335, Nov. 1966.

Goethert; Bernherd H.: Transonlc Wind Tunnel Testing. Pergamon Press,

Ames Resesrch Staff: Equations, Tables, and Cherts for Compressible
Flow. NACA TR 1135. ,

Thermodyhamlcs and Physics of Matter. Vol. 1, High Speed Aerodynamics
" and Jet Propu151on, Princeton University Press, 1955

Tables of Thermodynamic and Transport Properties of Adr, Argon, Carbon

Dioxide, Carbon Monoxide, Hydrogen, Nitrogen, Oxygen, and Steamn.
Pergamon Press, 1960.

Ma31, J F.: Thermodynamlc Properties of Gaseous Dichlorodifluoromethane.
Journal Amerlcan Chemical Society, Vol. 74, pp. 4738-47.1, 1952. .

Artlcle by Klnetlc Chemicals, Inc.: Refrigerating Engineering.
April 1939. : .

‘Brokaw, Richard S.: Alignment Charts for Transport Properties, Viscosity,

Thermal Conductivity, and Diffusion Coefficients for. Nonpolar Gases and
Gas Mixtures at Low Density. NASA TR R-81, 1961. :

13



APPENDIX I
MEASUREMENT OF TUNNEL FLOW CONDITIONS

Total head pressure (H).-~ Total head is obtained from a total head tube
located on the west side of the tunnel entrance cone on the centerline, at
station 0, and which extends about 24 inches out from the wall. Pressure is
measured by an Ideal-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 psZ.
Absolute accuracy usually is + 0.5 psf. Relative accuracy: of the instrument
after correcting for wind-off’ zeroa shifit is about.i 0.3.psf....The pressure
reading is displeyed, punched, and printed to 0.1 psf. - '

Static pressure (P).- The static pressure is plcked up in the test chamber.
It is measured with instruments 1dent1ca1 to those used for total head. -

leferentlal gressure (H=P).~ Two other Ideal-Aerosm:Lth mercury menometers
similer to that described under "total head pressure” are connected to alternate
total head and static pressure sources. The outputs of these manometers are
inter-conne‘ctedvto ‘display and read out differential pressure (H~P) as described
above. For very small values of differential pressure, a liquid (such as
water) micromanometer can be connected to an alternate total head tube and
static orifice. Accuracy is about 0.05 psf and renge of differential pressure
is up to 115 psf. This manometer is manually read a.nd logged

Stagnation temperature (Tt) - The stagnat:.on tempera.ture is. measured with

thermocouples located between the turmng venes a few feet downstream of the
tunnel cooling coil. The cooling coil is divided into six banks with the flow
of water to each bank adjusted to maintain reasonably uniform 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 + 2°F is
expected for average stagnation temperature. A digitizer comnected to this
instrument permits recording temperature from the selected thermocouple on the
IBM tebulator and punch. In addition to these six thermocouples, there are
four more thermocouples located behind the cooling coil whose average signal
is indicated on a Swartwout meter (located on the upper part of the control
room desk) and used to automatically control tunnel temperature.

Freon purity (X).- Freon purity is obtained by measuring the oxygen
content of the gas mixture and assuming that the mixture is comprised only of

air containing 20-percent oxygen by volume and of Freon. A Beckman Model ¥3
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
disphragm-type pumps which do not contaminate the sample and which operate at
tunnel pressures as low as 70 psf. Air in-leskage 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 dynsmic
pressure on four measured variables, H, P, T, anmd X, it was necessary to
construct & computer to prov:Lde a running check on ‘M and q during operation
of the tunnel. The computer is an analog device into which are fed electrical
signals proportional to the measured variasbles. Since it has been found
impractical to comnect the Beckman instrument directly to the computer to
provide a continuous signal of ‘X for-obtaining y; a value of Y is

‘inserted into the computer manually

Computer operation.- The computer contains circuits to add, subtract,
maltiply, and divide, plus three diode function generastors. -One generator
produces g signal of M as a function of .for a constant vy wvalue of
1.01 with the curve divided into 30 straight Elne elements. The other two
generators insert corrections to the M signal as a function of
(the - 1.01). Dynamic pressure is computed as the product of ¥ M2P,

Signals of M and q are transmitted for display in the control room and
are dlg:.tlzed for the IBM data recording system. .

Accuracy.~- Within the pressure range from 0.5 psia to 14.7 psia. and Mach
number range from 0.3 to 1.4 the computer was designed to be accurate within
0.002 in Mach number and one percent in dyna.m:.c pressure. Calibration
indicates errors in q as much as + 1 psf when H is below 100 psf and
+ 3 psf when H is above 1000 psf. Below Mach 0.3, sizable errors occur
because a linear relation between ? end M was assumed :Ln the c:.rcuit

design.

For true M values of O. 10 and 0 20 and O, 25, computer M values 'a.i'e
0.03, 0.135, and 0.21, respectively. Since g 1is a function of M<, errors
in q  are about double the errors in Mach number. .

For most tests using Freon a constant velue 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 be * O. 8 percent in q.

15



Estimationvof Flow Characteristics

Air.- Since flow qua.ntitles for air are rea.dily est:.mated from ava.llab'le
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 Mach
number is given, however, to cover the range of tunnel conditions in somewhat
more detail than that given in chart 25 of reference 15.

Freon-_air mixture..- Flow quant:.ties for a 9’5-‘percen'l_;, Ereon-_-a;ir mixture,
vhich is representative of that used in many tests, may be estimated for
purposes such as model scaln.ng from the following charts: o

Compress:Lble £low relat:.ons* 13, I e Qs M (f:.g 27)
I , B Ty py B ,

Speed of sound vs. temperature for various values of P (flg 28)
_.‘Mass density vs. pressure for various values of T (f:Lg 29)

‘Abs_olute vz.scos:.ty:vs. tem_perature (fig. 30) |

Reynolds mmber per unit length vs. Mach nu;nber: (f:.g 31)

Equations for Flow Cha.racter‘istics

Alr, - Equations’ for computing various flow quantn.ties in the test sectn.on
are obta:Lned from reference 15, Consistent with TR 1135, the valus of
. employed is 1. 400 end the value of the gas consta.nt R is 1716 ft sec2 °R

Absolute zero is cons:.dered to be - 460°F .

Air-Freon mlxtures._-'- In deriving working equations for air-Freon mixtures,
it is presumed that Freon purity is always greater than 80 percent by volume.
Equations which heve been simplified are not necessarily accurate at lower
purities. Reference 16 was used in deriving equatlons for the rat:l.o of
specific heat, speed of sound density, and wviscosity.

Ratio of s;geciflc heat, y.- In reference 16, equations of state for the
gas mixture were obtained from section 3, chapter 3, by J. A. Beattie. Values
of C, and C_ as a function of temperature and pressure were obtained from
referénces 17 and 18. The rather complicated equation derived was simplified
(with =2 curve fitting eccuracy of 0.1 percent) to the following expression:

v = 1.4003 - 0.096X + (0.1183)10™P - (0.5197)1073T

2

- (0.3919)10°6PT + (0.3579)107612 + (0.3350)10 °PT (A-1)
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where

ratio of specific heats

Freon purity, fraction by volume

static pressure, psf

i

T TS
I

static temperature, °R(460 + °F)

- Speed of'éqggg. g.~- The speed of sound of the gas mixture is obtained
from the fundamental expression:

2 _ ¢ dP
: | a K‘dp-
Pressure, P, is obtained in terms of p from equation of state of gas
mixture and an equation for a derived. _;his equation has been simplified
(within O.2-percent accuracy) to: '

a = 522.7 + 0.6434T - 0.2187XT - /15.7X
164.0%% + [3.24 + 0.0258XT - 0.00387T - 18.45X]10°F (a-2)

where a 1s speed of sound in feet per second and X, P, and T have the
same- deflnltlon and units es in the ¥ equatlon.

»Mass densitz, p.- The density of the gas mixture is obtained directly
from the equation of state for the gas mixture. Simplifying the equation
© (within 0.l-percent accuracy) results in:

(0.3;50 + X)P - (a-3)

p = _
540.70T EL - (. 0.02908 + 0.01066X + liTiﬁ) (10,-3)P]

vwhere p is ih slugs per cubic foot.

Viscosity, .- The equation for viscosity was obtained by using methods
. outlined in reference 16, section D, "Thermodynemics 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 publlshed in
reference 19. The flnal equation for viscosity is:

332.8 - 0.1035T + ‘ (298.1 - 0.0908T)

= (1.557)1078 —L=

2A1.7 - 0.113T + ——— l (464 8 - 0.224T)

Tl/ 2 (a-a)
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where p is in units of 1b sec/ft2.
Since this equation was derived, a more exact method for obtaining viscosity

has be:zn developed in reference 20. Agreement appears to be good between the
two methods for the range of interest of 'bhls tunnel. -

Calculation of Tunnel Parameters

Recorded valv_.es ' uanti.'b A ‘ . Decimals
H - - Total head pressure, ip/f'tz . -'oooq.o'
P o Static_'p‘ress:ure,‘ 1b/.f1;2 | 0000.0
T Stagnaetion tempei'ature, °F o | 000.0
X Freon purity, fraction - 0.000
2 I{eprgsenﬁative length, ft 0.000
Reduced values Quantit Decimals
oy " Retio of 'spec'ific hests '0.000
M Mach inmber ) 0.0000
q Dynamic pressure, 1b/ft2 000.00
p Mass density, slugs/cu £t 0.000000
a ' 'Sp‘_ééd of so’v.vinvdv,‘ ft/sec 10000. 00
v Velocity, ft/sec 0000.00
m Viscosity, 1b sec/ft2 ~ 0.0000000000
Ry © Reymolds mimber 0000000.

Equations.- 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
the reduction of data obtained in Freon. Note that the number of figures
following the decimal point i= given where important. When pressure data are
measured in terms of (H-P) and P rather than H 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 with wind-off due to instrument error. An
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arbitrary assumption is made that the error exists in P and the follom_ng
equatlon results:

AP =H . 3 off = P ind off (Usg initiel zero for_ each group.) (A=5)
P,=P+Ar o | (4-8)

Stegnation temperature, °R
T, =ty + 460 (A-7)

Since y and T,/T, are mitually dependeﬁt an iteration process must be
used to obtain eXact values. As the values are rapidly convergent it is
suff:.c:.ent to use an assu.med Y, = 1.1, as follows: .

(ﬁl | to 4 dec., Tl to 3 dec.) (4-8)

Y, = 1.4003 = 0.09€X + (0.1183)10™> P, - (0. 5197)107 T,

2 + (0.3350)107 B,T,2

-6 ' -6
- (0.3919)107° P T, + (0.3579)107° Ty 1T,
| (4-9)
2t |
Py T2 Y, | .
T2 = Tt i = to 4 dec., T2 to 3 dvec. (A-lQ) _.
. , 2
 To obtain the desired accuracy in the following equations, vy, and T
should be carried to 4 decimal places and 3 decimal places, respect:.ve Y.
- 1/2 | o
' 2 t
M= | (2 - (M to 4 dec.) . (a-11)
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1 2 : '
== PM to .2 dec.
q 5 Y] (a )

= 522,7'+'0.6434T2 - 0.2187XT, = 415.7% + 164.0%°
+ (3.24 + 0.02584XT,, - 0.00387T, - 18.45X) (10)p,
V =Ma (V to 2 dec.‘)

(0.3150 +_x)P1

(A-12)

(& to 2 dec.)

- (a-13)

(A-14) h

p = e SRR . =
540.70T2[? _'(- 0.02908 + 0.01066% + ;2%22)(10'3)P1]

T2

(p to 6dec.) (A-15)

332.8 - 0. 1035T + l

(298 1-0. O908T )

1/2

= (1.557)10" -8

211.7 - 0.113T2 + l

Ry = egi (By to 4 significent figures)

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

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

when measured quantity is in psf.

(H—P)corr. = K(countgr reading)i _

when 1 count = 0.01 mm on micromanometer.

_ . 2
= (464.8 0.224T2) 1=

(a-16)

(A-17)

(4-18)

(A~18a)



Manometer fluid K

Distilled water at 20°C 0.0020423
~ Butyl phthalate at 20°C 0.0021409
H§@$%WL+P (A-19)



“APPENDIX II
' TUNNEL DRIVE

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 will
operate at speeds somewhat lower than these minimum values, but below 70 rpm oil:
1ift pumps which raise 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 cen limit run Guration at low rpm's. Motor
speed with Freon in the-tunnel is limited- to the low range-because 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 capeble of overload opera- . 120,000
tion, within cerefully controlled limits, ~ (linear)
as will be discussed in the next para- ,
greph. An additional limitation is ' - =~ — 14,000
overheating of the electrolyte in the :
1iquid rheostat (see diagram under speed
control) for power conditions nesr 50 to
65 percent meximum rpm where a consider-
able percentage of the total energy is
expended in the rheostat. The maximum
allowable electrolyte 'bemperature of
80°C can be monitored only in the -
electricel control room. Lowering the 10 70 - 100
temperature of the cooling water sump :
in advance of such runs will consider- o _
ebly deley excessive temperature rise in the liquid rheostat. The cooling
weter sump temperature,. however, mst be coordinated with Freon processing
operations.

(cubic)

Percent max. rpn

The Electrical Systems Division established the follow:mg maximum limits
for overload operation of the main drive motor:

Stetor current , 2350 amp
Rotor current 1650 emp
Stator and rotor temperatures 230°F

(220°F 1limit recommended to allow for overshoot)

These currents and temperatures read out only in the electrical control room

and during such operstions must be constantly monitored by the electrician in
cherge. Operation at overpower may be time-limited because of heating and

must be terminated immediately upon the electrician's request since temperature
‘rise can be quite rapid at meximum current conditiomns. Operation above rated
power mey considerebly decrease the life of the main drive motor; therefore,

such operation is not recommended as a regular practice. Running time above
rated power should be kept to & minimum. - v
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Speed control.- The motor speed control is illustrated in the fo‘llowing
block diesgram: - '

Motor

tachometer }

Preset | c ~Eddy
: Regulator ! current ~—{ Motor
control | o : brake ’

. .'"

Breke | | Liquid
current : rheostat
meter

The preset rpm control signel is compared by the regulator with a feed-
back signsl from the motor techometer. If it differs, the controller causes
the eddy current brake to extract either more or less energy and thus change
rpm. If the breke current goes beyond specified upper and lower limits, the
liquid rheostat setting automatically changes to provide a coarse mcrementa.’l.
change in motor rpm. The nominal brake current setting is sufficient to
maintain rpm to _-t_O.ZS percent. In order to provide reasonably fast response,
the control system is not highly damped; as a result the rpm tends to over- -
shoot the:'set ponrb by as much as one percent but settles out in one cycle.

. If an overshoot in test section Mach number cannot be tolerated (i.e.,
critical flutter tests) the motor speed control can be used to arrive at a
condition just below the desired velue and then the prerotation vene angle
decreased to get on point. Motor speeds slightly higher ‘than the design
meximum speeds will actuate the overspeed ‘control which will a.u'bomat:\.cally
"hckdown" the motor speed to a lower value.



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 reégion and beyond. Typical distributions of static

pressure, in terms of local Mach numbers, are shown in figure 32 for the top,
centerline, and for the s:.dewa.'l.ls. Reference Mach numbers based on test chamber
static pressure are also noted. Comparing the longitudinal distributions for
. the centerline and the sidewalls at corresponding Mach numbers, for air, shows
the difference to be generslly-smail- (of ‘the-order-of the accuracy of the .
data), indicating the probability of satisfactory uniformity across the
stream. Although no centerline pressures were measured where Freon was used,
it is presumed that differences of the same order would also exist.
Distributions for the top were sbout the same as those shown 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 li-foot length considered,

- variations of the local Mach number from average values are generally less
than + 0,005 for Mach numbers below 1.0 and not greater than + 0.014 in the
worst range around M = 1.15. The average value of Mach number depends, of
course, on the locetion and length considered; thus, variations smaller than
those shown in figure.33 are possible.’ The variations shown may reflect .
Mech number inaccuracies in deta reduction of as much as + 0.001, and also

- unknown inaccuracies due to a number of possible ma.nometer effects, local

. shocks, etc. An effort has been made, however,: to eliminate obviously.

) questionable points from the data used in preparing figures 32 and 33. -

The dev:.atlon from a reference Mach number of the above-mentioned a.verage
: velues of Mach number between stations 6/ feet and 78 feet is shown in .

. figure 34.. The reference Mach number is based on test chamber static pressure
- as measured by the Ideal 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 plotted 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
. smell magnitude of the deviation, no correction factor is applied for the usual
test. For additional accuracy, however, reduction of the reference Mach number
. by about 1/2 percent would probebly be a reasonable correction.

Figure 32 also shows the effect of having t00 large a reentry fla.p opening

at subsonic Mach numbers. The gradient in Mach number between stations é8 and
80, indicated for the M = 0.673 distribution, is typical of a number of
'measurements and observat.ions of the manometer, when the fle.ps were opened
"appreciably more than the amount recommended '
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Wall boundary leyer survey.- Surveys of the boundary lasyer 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-l2 as a test medium. ‘
Representative results of these surveys -are shown in f:.gures 35 and 36 to
indicate the approximate extent of the boundary 1ayer

Turbulence.— A prellmlnary survey of tumnel 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 J;-?/; 'vs. Mach mumber, where ~32 is the root-mean square of the longi-

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

‘Bypass velve operation.- Figure 38 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 by data points and for parts of
the Mach number range are estimated velues. There is some amount 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 50 percent of the total decrease occurs in about
3 seconds and sbout 99 percent of the final velue is reached in 10 :seconds.
. Measurements made at & station upstream of the slots indicate little change in
Mach number and dynam:Lc pressure a’c thls station with operatlon of the by'pass
valves. -

Airstresm oscillator charac‘ber;stlcs - ‘The aerodyna.mic effect of the
oscillating vanes on the test section flow results from cross-stream flow.

components induced by the trailing vortices from the vane tips. . These vortices
extend downstream 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 downstream through the test section with a spacing
(wavelength) depending upon the frequency and the stream velocity. - When the
venes 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 e kind of roIL'L:Lng gust about the

tunnel centerhne.

. Surveys have _been made at one streamwise station in the test section at
positions over the center portion of the stream from the centerline to 5 feet
in a horizontal direction and to 4 feet in a verticel direction. Both hot-
wire anemometers and fas-t—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 conditions and
positions of interest because of the large number 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, additionsl surveys
will be made at conditions applicable to the particular investigation.
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For the vanes on the two sides synchronized the variation of megnitude
of the verticel ampliitude of oscillation across the stream at centerline :
height out to spanvise distances of 40 inches on either side of the centerline
is shown in figure 39(a) for several values of the frequency parameter w/V
(vhere w 1is the frequency and V. the stream velocity). Figure 39(d) gives
the amplitudes at two spanwise stations at wvertical distances up to 16 inches
from thé center. The cause of the large varistion in amplitude across the
stream end the difference in character of the two sides shown in figure 39(a)
- is-not understood at this time. It is presumed thet with this obviously
complicated flow field, considerable effort will be required for a-better
understanding of this phenomenon. The distribution is felt to be usable for
-gust response studies, however, and anslytical procedures for accounting for
this variation are thought to be adequate. Since the variation in amplitude
becomes much greater beyond the range shown, it is thought advisable to =
limit model wing semispans for. gust :cesponse studies to. aoout t.hree feet at
this t:Lme. = ,

F:Lgure 39 (b): shows that the variation in phase ‘across the stream is ‘very
- small up 1o -w/V . of ‘about: 0.20 but -becomes quite large 'at w/V values above-
about 0.40.  Some of the irregularity shown in this figure, ‘however, may be
_due to data reduction techniques. The complication of large phase variations
et the higher values of - w/V might perhaps be avoided by limiting the range
of test conditions since values of amplitude ‘at these higher velues of w/V
are 80 small as to:be of questionable usefulness. -Amplitude and phase '
measurements at-higher Mach numbers were made in somewhat less-detail .and with
less ;satisfactory -data reduction ‘techniques. . :These deta indicate, however,
that at Mach numbers up to about 0.80 the characteristics are similar to those
shown in figure 39 with perhaps a slight decrease in the average amplitude
with incree.sing Mach number at the lower: wvalues of w/V. Somewhat: incomplete
date at M=1.1" suggest a more uniform spanwise ve.riation but with lower

' average ampli'budes. ' o _ : L

The - a.verage amplitudes shown in figure 39(c) were measured at M =0.22
in Freon=12 and“thus were‘at a relatively low velocity ~‘The- frequencies i
represented in the range of w/V: shown were 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 higher Mach numbers. - Although these effects
have -not been fully explored at this time, it is thought that frequencies in
this resonance range should probably be avoided in gust response investigations.

Surveys shown in figure 39 are for an - oscillator vane engle of about + 6
Limited surveys at vane angles of + 3° and + 92 indicate ‘thet vertical -
amplitudes of oscillation are roughly proportional to vane angle but that there
are slight differences in the spenwise distributions. Adjustment of the ‘vane
angle is, of course, a useful means - of varying inpu‘b excitation to suit the
degree of response desired

. Surveys ha.ve a.lso been made wn.th ‘the vanes’ out of . synchronization to see
if a useble rolling gust is generated. Typical characteristics are shown in -

‘figure 40 of the horizontal and vertical components of ‘gust angle for one:
value of w/V ‘with the vanes 180° out of synchronization with-'a vane a.ngle
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of + 6°. The vector diagram in the center of the figure illustrates
schematically the idea of the rolling gust. The plot on the left shows .the
veriation in components with vertical distance from the cemterline while the
plot on the right shows the variation with horizontal distance.
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Figure 39,- Representative characteristics of airstream .osc_illator at Sta, 72.0 ft,
M = 0,22, q = 53 psf, Freon-12, oscillator vane angle + 5.93 deg., vanes in phase,
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- Figure40. - Variation of vertical and horizontal components of gust angle across stream
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" Mach number 0.23. : :









