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ABSTRACT

Initial aerodynamic calibration of the testing region of
the PWT 16-Ft{ Supersonic Tunnel consisted of gurveya of a
twenty-foot length of nozzle and test section in which the
most desirable model locations occur. These surveys were
obtained with an eight-foot traversing rake utilizing pitot-
wedge and pitot-temperature probea. The data obtained
from these surveys included isentropic-nozzle Mach number
distributions both on and off the centerline, true local Mach
number determined from the pitot-wedge probes, nozzle
pressure recovery, and flow misalignment. These surveys
were conducted at nozzle Mach numbers of 1,50, 1,60, 1.75,
2.00, 2,25, 2.50, 2.75, 3.00, 3.25, and 3.50. Results
show that maximum Mach number variations over the surveyed
length are +0.02. The stagnation pressure recovery through
the nozzle, for the range of specific humidity obtained during
this program, varied from 0.993 at N, = 1.50 to 0.961 at
Nm = 3.50.
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NOMENCLATURE
by Pitot-probe height above nominal wedge gurface, ft
My Mach number as determined from pitot-wedge
measurements
ﬁl Average test section centerline Mach number as

determined from pitot-wedge measurements

Mj 4 Mach number from a pitot measurement for an
isentropic nozzle

Mp Mach number calculated from the retractable probe
pitot pressure measurement and the nominal nozzle
pressure recovery curve

Nm Nozzle contour number

Pt Stagnation pressure, psf

p} Pressure measured by a pitot tube in supersonic
flow, psf

(Pt, 1/ Pt, 0)av Average nozzle pressure recovery from pitot-wedge

surveye obtained on the centerline and four feet above,
below, east, and west of the centerline

R/ 2 Unit Reynolds number, R/ = —}, ft=1

Ty Stagnation temperature, °F

v Velocity, ft/sec

X Density ratio across an oblique shock, X £ pa/p}
X, Distance from the wedge vertex (measured along the

equivalent wedge surface) to the influence point
governing the wave angle that is traversed by the
streamline entering the pitot tube behind the oblique
shock, ft (see further explanation in Appendix)

14 Ratio of specific heats

Aa Vertical flow-misalignment angle (up-flow is
positive), deg

Ay Lateral flow-misalignment angle (looking upstream,
crogs flow to the right is positive), deg

6o Wedge semi-angle after boundary layer correction,
deg

vii



AEDC-TDR-£2-55

bg
8n
g%

SUBSCRIPTS

0

Geometric wedge semi-angle, deg
Nominal wedge semi-angle, deg

Boundary layer displacement thicknesa, ft
Boundary layer flow-deflection angle, deg
Bow-~wave angle calculated using §o, deg
Kinematic viscosity, ft/gec

Air density, elugs/fi3

Specific humidity of the tunnel air, lb of molsture
per lb of mixture

Stilling chamber conditions
Free-stream conditions in the test section

Conditions in the test section behind the oblique
shock wave generated by the wedge surface on the
pitot-wedge probe

Conditions just outside the boundary layer

viii
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1.0 INTRODUCTION

The PWT 16-Ft Supersonic Tunnel ia composed of a number of com-
plex sub-systems such as the compressor system, nozzle system, and
diffuser system, each requiring extensive evaluation. As the various
components of the tunnel were completed, calibration work was begun
to evaluate the operationel characteristics of the components. The first
major component of the tunnel to become coperational was the compressor
system., Operation and calibration of the compressor began in February
of 1960 and was continued until mid 1960. At this time the flexible nozzle
system was ready for evaluation and this work was carried out along with
some additional compressor evaluation. By the latter part of 1960, the
equipment for the aerodynamic calibration of the test section and nozzle
was completed and ready for installation, and the variable geometry dif-
fuser was ready for operation, although not calibrated. Actual calibra-
tion of the nozzle and test section was begun in December, 1860,

The equipment provided for obtaining aerodynamic calibration data
was desgigned to gurvey the nozzle and test section in 11-ft segments,
requiring re-positioning of the probe in the test section as the change
was made from one segment to the next, Five probe positions were re-
quired to evaluate the flow conditions throughout the complete testing
region. However, after two segments had been surveyed, operational
difficulties with the nozzle control system caused the nozzle to be made
inoperable for a considerable period of time, and calibration work was
terminated until such time as it could be worked into the testing schedule.
The two segments of the test section and nozzle which were surveyed
represent a twenty-foot length which contains the most desirable model
locations. The calibration data presented in this report define the flow
conditions in this testing area. When additional calibration work is car-
ried out, supplemental results will be compiled.

2.0 APPARATUS

2,1 BASIC TUNNEL

The PWT 16-Ft Supersonic Tunnel is a continuous-flow, closed-
circuit wind tunnel designed to operate at stagnation pressures of approxi-
mately 100 to 2000 pefa. Compressor power is provided by a four-motor
electric drive system delivering a maximum of 216, 000 horsepower.

Manusgcript released by authors February 1962,
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Temperature control is provided by sir-to-water heet exchangers located
upstream snd dowmsiream of the compregsor. The flexible nozzle pro-
vides contouras for generating pupersgonic flow et Mach numbers from

1.50 t0 §5.00. The removable test section is 40 ?t long with a 16 by 16 £t
cross section. The diffuser side walla are adjusteble to provide the flex-
ibility required to set the optimum starting end rusning configurations.

A scavenging scoop is provided in the diffuser to remove products of com-~
bustion during propulsion tests. A cloped tip was ingtalled on this scoop
during this calibration. The location of the tunnel and iie relationahip

to the remainder of the PWT area iz shown in Fig, 1.

2,2 COMPRESSOR

The compregaor syetem ie made up of four axial-flow compresggor
unita or cylinders arranged so that they may be operated with either one,
two, three, or four cylinders in series. This flexibility of operation ims
made posaible by the uee of irie velves which provide for the air emerg-
ing from one cylinder to either enter or by-paas the succeeding cylinders,
with remotely contraolled couplings to allow the idle cylinderse to be dis-
connected from the drive system. The use of a compressor system of
this type wae dictated by the wide range of pressure ratio and volume
flow requirementas for operating the tunnel at Mach numbers from 1. 60
to 5.00. The lirst three cylinders are four-stage compregsore with
adjustable inlet gulde vanes and stetor blades. The fourth cylinder i a
six-gtage compressor with manuselly adjustable blading., The oversll
range of preggure ratio aveileble ie approximately 1.1 to 8.0,

2.3 FLEXIBLE NOZZLE

The 82-ft-long flexible nazzle is adjusted by 20 puirs of hydrau-
lically powered, ball-bearing jeck actustors controlled by & digital-
computer-type contrcl syptem using a megnetic tape memory. Three-
hundred basie contours are provided to cover the Mach number renge
from 1. 50 to 4. 50 in increments of 0.01, with provisions for aero-
dynamic corrections when required. This game provision makes
posgible the extennaion of the range of control from M = 4, 50 to 5, 00,
The supersonic portion of the nogzle is approximately 65 £t in length
and is conmiralled by 1P pairs of jacks with spacings of three and four
feet. The flexible wall position iz measured at each jack station by
meene of tepe-reel genping devices attached to a water-cooled refer-
ence frame. These measurements are fed intc the control system for
use in changing from one contour to another and for meintaining a
selected contour within 0. 035 inchee of the calculated contour, with
a repeatability of +0. 008 inches.
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Twenty design contours, covering the Mach number range from
1.5 to 5.0, were calculated for the flexible nozzle by the designer,
Sandberg-Serrell Corporation. The calculation procedure utilized the
continuous third derivative concept and is described fully in Ref. 1.
Boundary layer corrections were applied ugsing the method described
in Ref. 2, based on mean values of Reynolds number. In calculating
the nozzle plate shapes and jack settings necessgary to produce these
contours, the wall temperature becomes important in that it affects the
plate length and jack spacing. The expected range of operating tempera-
tures was studied, and mean values were selected for use in the nozzle
calculations. In these calculations it was agsumed that the plates were
subjected to these temperatures uniformly. Thege values varied lin-
early with Mach number from 140°F at Np; = 1.5 to 375°F at N, = 3.0,
with 375°F being used above Ny = 3.0. Once the twenty design con-
tours had been defined, interpolations were carried out using the best
mathematical procedures available to provide contours at every 0.01
in Mach number.

2.4 TEST SECTION

The removable 16 by 16 by 40 ft test section is made up of two
carts, each 20 ft in length, which can be arranged with either cart in
the front or rear position. A third cart is provided to allow more
rapid changes from one type of model support system to another. A
sting support system is installed in one cart, a vertical pitch table in
a second, and a sldewall balance ig to be ingtalled in the third. These
latter two installations can be faired over to allow either of these carts
to be used aB an empty cart in conjunction with one of the other support
systems. For the calibration work reported here, the calibration probe
wae installed in one of these carts, installed in the forward position,
with an empty cart in the rear posgition.

The air-side surfaces of these caris are made up of stainless steel
panels, with inserts provided for water-cooled enclosures for lighting,
television, and motion picture camera installations, The top and bottom
test section walls are permanently set 16 ft epart and parallel. The side
walls can be converged or diverged either as siraight 40-ft walls extend-
ing the full test section length, or as 20-ft panels, allowing different
convergence or divergence for the front and rear carts. For the calibra-
tion work presented here, the side walls were diverged 28 minutes
throughout the test section.
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2.5 VARIABLE GEOMETRY DIFFUSER

The diffuser system iz compoged of a variable geometry diffuser of
rectangular crose gection approximately 100 £t in length followed by &
tixed diffuger which slso includes the tranzition from rectangular to
cir¢ular crogs section. The variable geometry diffuser has fixed,
parallel top and bottom walls spaced 16 ft apart, and movable side walls
made up of five straight gections hinged together. The upsiream sec-
tion is epproximately 24 ft long, foliowed by panels of 20, 18, and 18 ff,
while the downsiream section is approximately 24 ft long with a sliding
joint to provide the change in length required asz the gide walla are
moved to different positions. By the use of hydraulic actustors, the
diffuper-to-test section eree retio can be increased to allow super-
gonie flow to become established, and can then be decreased to improve
the diffuser efficiency, sllowing a reduction in the tunnel pressure ratio
regquired to maintain supersonic flow.

2,6 CALIBRATION EQUIPMENT

The device gelected for the air-flow calibration of the testing re-
gion of the test gection and nozzle was a strut-supported traversing
probe utilizing an eight-foot rake with nine inetrumentation sockets
one foot apart, This rake is shown in Fig. 2, Because of the usual
compromises between strength and blockage, the length of travel of
the rake actuntor was limited to eleven feet. Ar a result, four probe
locationa in the teat gection plus a 10-ft probe extenaion were required
to survey the desired length of approximately 60 2. Thie extension wea
limited t¢ one instrumentation socket snly, on the tunnel cemtarlins,

Four basic typese of data wers depired from the calibration probe
gurveys; these were test section Mach number, flow engulerity, and
stagnation temperature distributions end nozzle stagnetion pressure
recovery. Two typee of probee ware provided to It the rake instru-
mentation sockets to obtain thege meagurementg, The simplest of
theee, a pitot pressure and stagnation temperature probe, combined
a single pitot tube and & Roaemount Model 103-3 high~-responge triple-
shielded precision thermocouple in one probe assembly., Unfortunately,
the 1ife of these thermocouples proved to be quite short because of
particle bomberdment in the tunnel, resulting in broken wires at the
measuring junction. As a result, very little valid temperaiure drta
were obtained with theme probes.

The second type of probe designed for use on the reke was the
pitot-wedge probe. In uging this probe, pitot-pressure meepurements
were made ahead snd behind a shock wave originating from the leading

4
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edge of a precision wedge of known geometric angle. ‘An iterstion
process, described in the Appendix, made it possible to calculate the
effective wedge angle and the true local Mach number from thease pitot
measurements, and once this is known, the nozzle stagnation pressure
recovery could be determined. Static pressure orifices on the wedge
surfaces provided a means of measuring local flow angularity after the
wedge sensitivity had been celibrated in another wind tunnel. Because
of the relationship between wedge angle and wave angle as a function of
Mach number, a fixed-geometry pitot-wedge probe can be used only for
a limited range of free-stream Mach numbers. To cover the range of
Mach nummbers required for this calibration, probes were fabricated
with nominal wedge half-angles of 7, 10, and 20 deg. The pertinent
dimensions for these probes are ghown in Fig. 3.

Pressure leads from the probe sockets were routed to a water-

cooled instrument compartment installed in the actuator boom, where

the preesures were measured by means of differential presgsure treng-
ducers, referenced to a nozzle atatic presgsure near the throat., Sole~
noid valves in the compartment allowed remote switching of pressure
connections to check on transducer calibrations and zero shifta. Thermo-
couple leads from the reke sockets were routed directly to ingtruments
outside the tunnel along with the electrical leads from the transducers.

A retractable probe, shown in the upper portion of Fig. 2 in the ex-
tended position, was provided at Sta. =12, 9 in the nozzle ceiling as a
permanently installed tool for checking the nozzle Mach number., Nor-
mally flueh with the nozzle wall te provide no disturbance to the airflow,
this probe could be extended approximately 30 inches to obtain a pitot
pressure measurement. This probe could also be set to any desired
position between its limits, providing a means of measuring the boundary
layer profile at this location,

In order to evaluate the data obtained during this calibration, it was
important to know the specific humidity of the air in the tunnel. A Gen-
eral Electric frogting-mirror dew point indicator was the primary in-
strument used for humidity measurements, using a sampling line con-
nected to the stilling chamber upsiream of the nozzle, An Alnor dew
peint indicator was occasionally used for comparative purposes.

A limited number of wall static pressure orifices were provided in
the nozzle, test section, and variable geometry diffuser. These were
connected to manometers in the conirol room using Unity oil and TBE
as measuring fluids. Although these boards were photographed as a
matter of record, their primary purpose was to aid in monitoring flow
establishment and breakdown. Because of the slow response of the
manometer display, caused by the distance involved and the low pres-
sures to be meagured, a more responsaive indication of diffuser flow

5
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conditions was desired. This was provided by installing twelve treng-
ducer mssemhblies in the diffuser st approximately 4-It intervals. These
asremblies were designed go that one side of the transducer was vented
to a high-response orifice in the diffuser wall, while the other side wea
highly damped. By viewing the transducer ouiputs on & dynamic monitor,
incipient flow-breekdown could be detecied, and steps could be taken to
prevent it,

All of the instrumentation inputs defining tunnel conditions and cali-
bration meassurements were fed into the ERA 1102 digital computer
through the permanent data-handiing system. Parameters which were
needed immediately for test-monitoring ware calculated on-line and
tabulated and plotted in the control rcom. Inputs required for the more
elaborate calculationg were punched on tape and furnished to the IBM
7070 digitel computer for off-line cslculations,

3.0 PROCEDURE

3.1 TUNNEL OPERATION

During this calibration period, two-, three-, and four-cylinder
cempressor ¢onfigurations were utilized in operating at nozzle settings
from 1,50 to 3. 60. Supersonic flow was establighed at relatively low
stegnation pressures, and the veriable geometry diffuser was then ad-
justed to a more efficient operating contour, allowing tunnel pressure
ratio to be reduced. Only a limited amount of time was available for
evelusting diffumer performearnce, and hence the settinge used during
this period do not represent optirnum use of this diffuser. In generel,
the diffuser was evaluated only to the extent required io obtain the test
section conditions desired for calibration. Once flow was establighed
and the diffuser set, tunnel pressure was get to the desired value, and
the tunnel humidity wae reduced as much as possible before the cali-
bration surveys were begun,

3.2 CALIBRATION PROCEDURE

In the calibration period during which the data reported herein were
obtained, the traverging probe assembly waa ingtalled in two test gec-
tion locations, surveying the test area from Tunnel Station +1 in the teat
gsection to Tunnel Station -18 in the nozzle. The same basic procedure
was followed in obtaining data at both locations. The rake configuration
gelected had pitot-wedge probes installed in the center and twe outboerd
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sockets, with six pitot-temperature probes in the remaining six sockets,
(see Fig, 2). The wedge angle of the installed pitot-wedge probes was
gelected to match the range of Mach numbers to be surveyed; at some
Mach numbers it was possible to use either of two wedges, and both
were used as often as possible to obtain correlation data. The majority
of the calibration data were obtained with the rake vertical, although
some data were obtained with the horizontal configuration. Likewise,
the wedges were oriented vertically for mosat of the testing, measuring
lateral flow-angle deviations. This orientation wag selected becausge,
with a nozzle having contoured side walls, it was felt that the greater
flow-angle deviations would occur in this plane.

Attempts were made to obtain calibration data at pressure levels
of 250, 500, and 1000 psf. Results at 250 psf were discouraging be-
cause of instrumentation inaccuracies and the inability to maintain the
desired specific humidity. Reasonable results were obtained at 500
and 1000 psf, with 1000 pef preferred because of inecreased instrumenta-
tion accuracy.

Once flow had been established, the presgsure level get, and a satis-
factory humidity level had been achieved, a calibration survey was made
by extending the traversing probe in increments of 0. 5 feet, with a short
paude after each movement to allow the pressure instrumentation to ata-
bilize. After taking data at the fully extended position a check point was
obtained at the fully retracted position to check for instrumentation drift.
In addition to the traversing probe data, additional data points were ob-
tained at both ends of the survey with the retractable probe fully
extended.

Surveys of the type described above were obtained at nominal nogzle
Mach numbers of 1,50, 1.60, 1,75, 2,00, 2.25, 2.50, 2. 75, 3.00, 3.25,
and 3. 50. At the time of this calibration, Mach numbers ahove 3. 50
could not be achieved with any great degree of success. (Subsequent
study of the diffuser performance has resulted in the achievement of
Mach numbers up {0 4. 0, but no calibration data have been obtained at
these conditions.)

3.3 DATA REDUCTION PROCEDURE

Two digital computers were used for the data reduction program.
An FRA 1102 was utilized for on-line calculations, while an IBM 7070
was utilized for the more time consuming calculations which were car-
ried out off-line. Conversion of pressure and temperature measure-
ments into standard engineering units was accomplished in the conven-
tional manner using predetermined instrument calibration data. The
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more complex ealculations involving Mach number are explained below.

An gpproximstion to the normel-shock adisbatic fiow relatitnehip
Proo _ (M1 + 5 % (1wl - 1\*
Pi,: Gul,i 6

wag used to calculate the isentroplic nozzle Mach number determined
by each pitot-pressure measurement. Thie approximation requires
legs computer time for golution then the exact relationship and has a
Mach number error of leas than 0.001. The approximetion is as

followsa:
2 3 4
._[.' o (Ft’.o)_'_ 8 (_’;17.1) — (Pg“a) + o (Ft‘lp)]
i, LT Pit,1 P,
z 3 r;
by + by (——}J-'—’ )+ b, (——1—1‘5 “) + b, (——I—rﬁ °) + by (—-—,—L—p‘ ‘)
Pi,1 Py,1 Pi,1 Pi,a

The conatante for thie equation are given below:

Mx.i -

ag = 1.001610 x100 by = 1,559619 x 1071
8 ~-3.B50480 x 100 by = 8.774862 x 10”1
ez = 1,011036x100 bz =-1,042664 x 100

ag = 9.B38176 x 10-1 bz =-1,688207 x 10~1
By = 0 b4 = 1.281138 x 10-3

Thege congtants are valid for the Mach number range from 1.46 to
4. 00.

The true local Mach number was obiained from pitot-wedge probe
measurements uging an iteration procedure which is outlined in the
Appendix, When the true local Mach number is knowrn, the nozzle stag-
nation pressure recovery can be obtained from the relaﬂ,thip balow:

) % 2 - »
Pt.;) S P 5) ™, -1 F;t.;)
(Prlt,. ( 6M," . 6 Pt.o

T e

4,0 RESULTS AND DISCUSSION

The resulta obtained during the celibragtion program ere presented
in the form of axial dietribuiions of Mach number and flow misalignment
and in the form of calibration parameters required in order to utilize
the results for normal test-data reduction programe. In presenting the
axiel distributions, data obtained at the two different probe pogitione are
distinguished by the use of different symbols, making posgible a compari-
gon in the overlap region between tunnel stations -8 and -10. Variations

8
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of the true local Mach number, calculated from pitot-wedge probe meas-
urements along the tunnel centerline, are shown in Fig. 4. These dis-
iributions show maximum variation of £0. 02 in Mach number over the
twenty-foot length surveyed. In most cases, agreement in the overlap
reglons was quite good. Figure b presents corresponding distributions
of the Mach numbers which are obtained if nozzle pressure losses are
neglected, in which case the Mach number can be determined from the
ratio of measured pitot pressure in the test section to stiliing chamber
pressure. The Mach numbers determined in this manner are slightly
higher than those determined from the pitot-wedge probe measurements,
because of the neglected pressure loss, but provide a basis for compari-
son of the off-centerline measurements obtained with simple pitot tubes.

Figures 6 and 7 present off-centerline Mach number distributions
obtained with the eight-foot rake oriented both vertically and horizontally.
The data presented are typical of those obtained throughout the Mach
number range of the investigation and show maximum variations of 0,01
in Mach number over the eight-foot span of the rake.

Figure 8 presents the results of flow misalignment measurements
at the tunnel centerline with the wedge oriented to sense flow angle
variations in the lateral direction. The largest variations over the sur-
veyed length, as well as the largest average misalignment, occurred at
the lowest Mach numbers, with gradual decreases in both quantities as
Mach number was increased, At a nozzle setting of 1. 50, the average
migalignment was 0. 70 deg with variations of £0. 50 deg, while at 3. 50,
the average misalignment was 0. 15 deg with variations of +0. 10 deg
over the surveyed length.

Because this calibration program was terminated prior to comple-
tion, the results of the off-centerline flow migalignment measurements
are incomplete; thogse meagsurements which were obtained are shown in
Fig, 8, Mesasurements of the lateral flow misalignment angle, Ay,
mede east and west of the tunnel centerline (Figs. 9a and b) show that
the flow quality on the west side did not differ greatly from the center-
line measurements except for more noticeable gradients at the higher
Mach numbers, while on the east side the measurements at nozzle
settings of 2. 75 and below showed large deviations and large average
values of migalignment. The average misalignment increased as the
Mach number was decreased, approaching four degrees at a nozzle
setting of 1, 50, Figures 9c and d show Ay measurements obtained
above and below the tunnel centerline, where the values are similar to
those measured at the centerline. Only two surveys were made in
which Ae, the vertical misalignment, was measured. These were ob-
tained at reduced stagnation pressure, when the instrumentation sen-
sitivity was marginal, but showed that the average misalignment in
this plane was near zero at the two Mach numbersg surveyed.

8
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In examining the flow misslignment results, two areas of concern
were noted. First, meesurementa ai the tunnel centerline indicated
that the average misalignment as well aa the axial variations increased
as the nozzle Mech number was decreased. Secondly, measurements
obtained four feet east of the centerline Indicated a raepid deterioration
of flow quality in thia region below a nozzle setting of 2. 76. Two
phyelcal characteristice of the nozzle probably contribute to these prob-
lems. Ag the nozzle Mach number ig reduced, the length of the shock
cancellation regilon of the contour decreases, resulting in fewer jacks
available to shape this critical portion of the nozzle, This probably
contributes to the centerline variatione at the lower Mach numbers. A
probably more predominant factor both on and off the centerline is the
decreasse in contraction retioc ag the nozzle Mach number is reduced,
This decrease In contraction ratio allows the flow conditiona ahead of
the nozzle throat to have increaging influence on the flow downsiream
of the throat. It is poagible that a flow problem resulting from the
corner just upetiream of the nozzle may be the source of the large lat-
eral flow misgalignment measured east of the centerline, and study of
thia possibility is underwsy.

The average centerline pitot-wedge Mach number, -ﬁl' resulting
from each of the nozzle contours gurveyed during this calibration,
wes related to the nozzle contour number, Npg, by using the differ-
ence, (Np - Ml). a# the primery calibretion parameter. Since the noz-
zle contours represent a family of assoclated shapeg, the variation of
this parameter with nozzle contour number should be a continuous func-
tion, Figure 10 presents a summary of the Mach number calibration
regulte obtained during this investigation and the faired curve gelected
to reprepent these regults In reducing future test results. The symbols
used show the probe poeitions, rake orientations, and wedge half-angles
used in obtaining these resulte and also distinguieh between the results
obtained at normal stagnation temperatures of 200 to 300°F and those
obtaeined uaing the high stagnation temperature range of 250 to 850°F,

The ratio of the total pressure in the test section to an average
static preagure in the ptilling chamber, called the nozzle presgure re-
covary, ie shown in Fig. 11 as e function of the nozzle contour number.
The loss in totel pressure between the stilling chamber and the test
Bection is ceused by an accurmnulation of unavoldable nozzle lmperfec-
tions and condensation effects resulting irom the apecific humidity
conditione during thim investigetion. In addition to these losmes, the
presgure recovery aiso reflects the small total pressure error cauaad
by the diffe?etice between the average stilling chamber totel preasure
end the average etilling chamber static pressure which is used as a
bageic input for opersation of the wind tunnel. The symbols used are the
same ag in Fig. 10 and have previously been explained. The faired

10
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curve gelected for use in future data evaluation is shown, giving a pres-
sure recovery which varies from 0.983 at Nyy = 1. 50 to 0. 961 at

NmM = 3. 50. As a result of the scatter which may be observed in the test
results, it ie felt that the use of this curve will result in an uncertainty
In pressure recovery of +1 percent.

Figure 12 presents the relationship between the Mach number cal-
culated from the retractable pitot-probe measurement, the nominal
nozzle pregsure recovery, and the average centerline Mach number
determined from the pitot-wedge probe. The parameter (Mg - Mj)
can be used in predicting the true Mach number from retractable probe
meagurements during future tests.

All of the calibration data presented were obtained at a tunnel stag-
nation pressure of 1000 pef, which was selected because of the instru-
mentation inaccuracies at lower pressures. Sufficient data were obtained
at a stagnation pressure of 500 psf to indicate that the changes in calibra-
tion parameters caused by changing the tunnel pressure level were small
enough to be within the previcusly quoted uncertainties in these parameters.

Early in this calibration program, the effects of varying the tunnel
specific humidity were investigated. It was found that as o, was reduced
by an order of magnitude from 0. 01 to 0. 001, noticeable increases were
obtained in the nozzle pressure recovery and the measured pitot-wedge
Mach number at a given nozzle contour. These early studies indicated
that there was a limiting value of o, near 0. 001 {decreasing slightly with
increasing Mach number), below which the effects of ¢, changes were
almost negligible, Based on this information, the calibration data were
obtained at the specific humidity levels shown in Fig. 13. Because these
values of ¢, approach the limit of the tunnel drying capability, the scatter
shown in Fig. 13 was a result of the day to day drying capability. The
calibration results presented in this report represent the conditions
which will exigt in the test section when the specific humidity is in the
range shown in Fig. 13. Subsequent studies have shown that the calibra-
tion parameters will change slightly at lower values of ¢,, and as shown
earlier, will have substantial changes at increased values of o,. Further
investigation would be required to evaluate the calibration parameters
throughout the range of values of ¢, which fnight be encountered in tests
where adequate drying could not be provided.

Figure 14 shows the variation of stagnation temperature with nozzle
setting during this calibration, as determined from a grid of thermo-
couples installed on the upstream side of the turning vanes in the corner
ahead of the nozzle, Two temperature ranges were investigated. The
lower range represgents the normal tunnel operating range during this

11
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period and represents the temperature level made necessary by the
requirement to match the compressor to the tunne] repistance line. The
upper temperature range is typicel of that required for simulation of
temperatures encountered in the stmosphere. Below Mach number 2.0,
low and high temperature settings were essentially the same.

Figure 15 presents the unit Reynolds number varigtion with nozzle
setting during celibration, based cn 1000 pef stegnation pressure, the
temperatures shown in Fig. 14, and the isentiropic Mach number at the
tunnel ¢centerline, The two curves are g consequence of the two tempera-
ture ranges shown in Fig, 14,

From & #tudy of the measuring equipment and the resulis obtained
during this celibration, the uncertsinties in the date presented were
estimated for a probability of 85 percent. These uncertainties are sum-
marized in the following teble:

QUANTITY UNCERTAINTY
My +0, 02

Bt, 0 +3 paf

P, 1/pt, 0 +0. 01

T4, 0 £5 °F

o, +0. 00005
Ay +0. 1 deg

2.0 CONCLUSIONS

The following conclusions can be drawn from these calibration
reaults:

1. Maximum varistions in centerline Mech number over
the twenty-foot length surveyed are 10, 02,

2, Off-centerline gurveys both vertically and laterally
agree with the centerline surveys within 40.01 in Mach
nurber.

8. Lateral flow misalignment at the centerline ig gresiegt
at the lowest Mach numbers and decreases graduslly as
Mach number is increased, with average values of
0. 70 deg at Npy = 1. 50 and 0. 15 deg at Nyy = 3. 50.

12
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4. Off-centerline lateral flow misalignment is greatest in
the region east of the tunnel centerline; further studies
are required to determine the cause of this misalign-
ment and the corrective measures required,

9. Nozzle pressure recovery decréages with increasing
Mach number from 0. 993 at Nyy = 1. 30 tq 0. 961 at
Ny = 3. 50 provided the specific humidity is main-
tained within the range obtained during this calibration
program.
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APPENDIX
DATA REDUCTION EQUATIONS FOR THE PITOT-WEDGE FPROBE

The true local Mach number was obtained from pitot-wedge probe
pressure measurements using a closed loop iteration of the following
equations. These equations require the aggsumption that the flow i=
adiabatic and behaves as a perfect gas with constant specific heats

(y = 7/5).

Reference 3 gives the following relationship between Mach number,
wedge angle, and shock wave angle: |

sin® By + b sin* G + c sin? fp +d = 0 (1)
where

M2 + 2 )

b = - —L—,;,J:T— ~ 14 sin® 8 (2)
2

e = ZMCED (1.44 + 0") sin? &, (3)
M4 M2

g o . 08" 8 (4)

M

Equation (1} has been solved for @,, and the aolution is presented
in the following form:

9 3 3

Lipo— -2 b -4 b /
- 2 _ ]
B = sin~ 42 | =8c oo 147 L L ppu! (3 = ) - (5)

b3~ 3¢\
To obtain the solution which is useful here, the boundary condition con
the cos~l term is that the angle must be less than x. Equation (5)
represents an explicit expression for shock-wave angle as a function
of Mach number and the effective wedge angle.

The effective wedge angle can be congidered as the sum of the
geometric wedge angle and a small equivalent boundary layer wedge
angle, as follows:

_’a_c__u“%g" _-|‘- € (6}

To arrive at an expreasion for ¢, the details of the wedge flow
field must be examined closely ag illustrated in Fig, A, as shown
on the following page.
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Actual Wave

Assumad
Equivaisnt
Wadge Surface

Point A

Fig. A. Detalls of the Wedge Flow Flald

From F'ig. A it is seen that the streamline eniering the pitot tube
behind the shock front experiences an oblique shock loas governed
approximately by the effective wedge surface at point B, & distance x,
downstream of the vertex, A, measured along the effective wedge sur-
-face, Since the influence of the boundary layer is' & weak disturbance,
the inclination of line BC to the mean flow direction behind the wave
can be approximated by a Mach line. The distance from the wedge
leading edge to the point B may then be defined in terms of probe
geometry and Mach number by the following relationship:

. S

Xg = hn [Cﬂf. (6:: - 89) - \/ Mal -1] (7)

Thie length is used a8 the charactenistic length in calculating the
boundary layer growth on the wedge surface, The boundary layer
growth is essumed to be the same es on & flat plate, based on free-
streem conditions just clear of the boundary layer. An empirically
determined expression for the boundary layer growth on a flat plate
is given in Ref. 4 es8:

dB" 2 L]
T = 0.86 (1 + 0.277 M) {:’v (8)

In order to relate the conditione clear of the boundary layer be-
hind the shock front to the free stream, the celculations may be gim-
plified by using the density ratio parameter X, which is defined as

X = zL (8)
1
which, for y = 7/5, may be written ag
X = tan &,
ten (6, ~ 8.) (10
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Using Eq. (9) and other equatione given in Ref. 3, the Mach number be=
hind the wedge shock may be expressed as follows:

1,

4

M: - (6'!(5— I) [J:14 (Gc - 33) (11)

The velocity behind the shock is given by

v, = 4902y Ty o + 459;6 M, : {12}
(1 + 0.2 M) 4

By expressing Fq. (8) in terms of the flow field behind the wedge
shock, the following empirical relationship can be written for the
boundary layer wedge angle:

1
40.27 (1 + 0,277 M,?) Gy py ) %

= 1 L T 3 d '
) (V 20) 5 v P2 - (13)

Applying Sutherland's equation (see Ref. 3) for viscosity,

-3 5, -y e
( =P1,,)— (3.895 x 107 ) (T, , + 459.6)7 (I + 0.2 M,;?) (1 + 0.2M?)% (19)

X [(Ty,, + 459.6) + (198.6) (1 + 0.2 M,1)]

The remaining terms have beén defined in Eqs. (7), (10), (11), and
(12). Since 65 is a measured quantity, all of the quantities needed to
evaluate Eq. {6) are now known.

The local pitot-wedge Mach number, Mj, is related to the ratio
of the pitot-pressure measurements ahead and behind the shock,
pt 1/ pt, 2, and the shock wave angle, 8,, by the following implicit

equatmn

2
(Pt'.:./ Pt‘,:) 4

M, = - X
= [ B'+s :I[L+ 5{78%~1){B*+5) ] /

Brlml+s)]] 4 216 M2 B2 ~30 (B2 ~1) (782 +3)

1
718 -1 252 M,® B2-a5 (B2 ~1)(78%+5) 1 %
™2~ 1 6 (7182~1)(B%+3) 6 (15)

(16)

where

B* = M, sin® &
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To golve thig equation an iterative procedure was used whereby the
right-hand eide was successively evaluated until the difference between
congecutive solutions was less than or equal ic 0, 000005. The sguare
root of thig golution gave the fingl approach Mach numbers, M;, to an
accuracy of 0. 001 or better.
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a. Upstream View

Fig. 2 Supersonic Tunnel Flexible Nozzle, Calibration Rake,
and Retractable Probe
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b. Downstream View

Fig. 2 Cancluded
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PROBE RAKE TEMPERATURE
STMBOL POSITION | GRIENTATION RANGE
e} REAR VERTICAL NORMAL
O REAR VERTICAL HOT
o REAR HORIZONTAL NORMAL
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Flg. 10 Yuoriotion of the Noxzle Calibration Parameter Ny — M1 with Noxzzle Contour Number
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PROBE RAKE TEMPERATURE
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PROBE RAKE TEMPERATURE
SYMBOL | posiTion | ORIENTATION RANGE
Q REAR VERTICAL NORMAL
a REAR VERTICAL HOT
Lo REAR | HORIZONTAL NORMAL
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Fig. 12 Varlatlan of the Retractoble Probe Calibration Parameter Mg — M7 with Mach Nember
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v PROBE RAKE TEMPERATURE
SYMBOL| o1 Ti0N | ORIENTATION RANGE
0 REAR VERTICAL NORMAL
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/\ | FORWARD | HORIZONTAL| NORMAL
Zl | FORWARD | VERTICAL NORMAL

PITOT-WEDGE PROBE HALF-ANGLE

7 DEG.[ 10 DEG. |20 DEG.

SYMBOL TYPE

o o ®

0050

L

0008

i

o000

0004

’_._w—------—_.-._

0003

0002

SPECIFIC HUMIDITY, O

.000!
1.5

2.0 2.5

3.0 3.5

NOZZLE CONTOUR NUMBER, Ny

Fig. 13 Varlation of Specific Humidity with Nozzle Contour Number during Calibration
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PROBE RAKE | TEMPERATURE
SYMBOL  oosiTioN | ORIENTATION RANGE
0 REAR | VERTICAL NORMAL
0 REAR | VERTICAL HOT
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Fig. 14 Varlation of Stagnation Temperature with Nozzle Cantour Number during Calibration
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PROBE RAKE TEMPERATURE
SYMBOL | posiTION | ORIENTATION RANGE
O REAR VERTICAL NORMAL
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Fig. 15 Variotion of Unit Reynolds Number with Nozzle Contour Number during Calibration
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Arncld Engineering Development Center
Arnold Air Force Station, Tennessee
Rpt. No. AEDC-TDR-62-55. INITIAL AERODYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 18-FT
SUPERSONIC TUNMEL (U}. March 1662, 63 p. inel
4 refa., Mus.

Unclassified Report

Initial aercdynamic calibration of the testing region of the
PWT 18-Ft Bupersonle Tunne] congistad of surveys of a
twenty-foot langth of nozzle and test section ln which the
moat deairable model locations occur, These surveys
were obtained with an eight-feot traverging rake utilizing
pitot-wedge and pitot-temperaturs probes. The data ob-
tained from these surveya included jgentropic-nozzle
Mach mumber distributions both on and off the centerline,
true local Mach number determined {rom the pitot-wedge

prokes, nozgzle pressure recovery, and fNow misalignment.

These surveys were conducted at norzle Mach numbera of

O

IR L N T

jil

Iv.
V.

Supersonic wind tunnels
Calibration

Mach number

Pressure

Supersonic flow
Measurement

Contract A 40{800)-800
8/A 24(61-73)

ARO, Inc., Aruold AF Sta,
Tenn.

Nichols,J. H., Davis, M. W.,
and Garner, C. L., Jr,
Avsilable from OTS

In ASTIA collection

Arnold Fngineering Development Canter
Armold Alr Force Station, Tencessee
Rpt. No, AEDC-TDR-63-55. INITIAL AERODYRAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 16-FT
SUPERSONIC TUNNEL (U). March 1988, 53 p. incl
4 refs., ilus.

Unclasaified Report

Initial merodynamic calibration of the teating region of tha
PWT 18- Ft Supersonic Tunnel consisted of surveys of @
twenty-foot lengih of nozzle and teat section in which the
moat deairable model locations ocour. These surveys
were cbiained with an eight-foot traversing rake utilizing
pitot-wedge and pitot-temparature probes. The data cb-
tained from these surveys included isentrople-nozzle
Mach munber distribetions both on and off the centerline,
true locg]l Mach number determined from the pitot-wedge

probes, noxzle prepsure recovery, and flow misalignment.

Thenae surveys were conducted at nozzle Mach numbers of

O

Supersonic wind tunnels
Cealibration

Mach numbar

Pressure

Supersonic flow
Meagurement

Contract AN 40(600)-800
S/A 24(61-73)

ARCQ, Ine,, Arnold AF Sta,
Teon,

Nichola, ., H., Davig, M. W.,
and Garner, C, L., Jr.
Available from OTS

In ASTIA collection

1.50, 1,80, 1.75, 2,00, 2,25, 2.50, 2.75, 3,00, 3,25,
and 3,560, Repults show that maxiroum Mach gumber
variations over the surveyed length are £0.02, The stag-
natiop pressure recovery through the nozzle, for the
range of apecific bumidity obtained during this program,
varied from 0.893 at Npy = 1.50 to 90.981 at N, = 3.50.

1.50, 1.80, 1.75, 2.00, 2.25, 2.50, 2.5, $.00, 3.35,
and 3.50. Resulis show that mawimym Mack mumher
variations over the surveyed length are £0.02. The stag-
nation pressure recovery through the nozzle, for the
range of specific humidity obtalned daring this program,
varied from 9.993 at Np; = 1.50 10 0.861 at Ny, = 3.50.




Arnold Engineering Davelopment Center
Arnold Aiz Foree Station, Temessae
Rpt. No. AEDC-TDR-63-55. INITIAL AERODYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 18-¥T
SUFERSONIC TUNNEL (U). March 1862, 33 p. incl
4 refs., ilus.

Unclassified Repart

Initial aerodynamic calibration of the testing region of the
PWT 16-Ft Buparsonle Tunrel consisted of surveys of a
twenty-foot lemgth of nousls aod test section in which the
mos! deairsble model locations oceur. These aurveys
wars obiained with an aight-fool traversing rake utiiising
pltat-wedge and pitot-tempersture probes. The duta ob-
tained from these surveys included isectropic-nozzle
Mach number distributions boll on and off the centerline,
true local Mach number deiermined from the pitot-wedge

probes, nozkle pressure recovery, sod flow misaligemment.

Thess surveys were conductad st noxsla Mach numbers of

O

Sapersonic wind tunnsls
Calibration

Mach mmber

Pressurs

Buapersonie fow
Messurameant

Contrarct AF 40(600)- 800
B/A 24(81-73)

ARO, Tnr., Amold AF B,
‘Tonn,

Michols, X. H., Davis, M. W,,
and Garner, C. L., Jr.
Awvsilsbla from OTS

In ASTIA callertion

Arnold Engineering Devalopment Center
Arwld Alr Force Station, Tennespes
Rpt. No. AEDC-TDR-62-55. INITIAL AERODYNAMIC
CALMARATION RESULTS FOR THE AEDC-PWT i8-FT
AUPERSONIC TUNNEL (1). March 1962, 53 p. fncl
4 refm,, us,

Doslansified Report

Initinl aeredynamic calibration of the testing region of the
PWT L8-Fi Supersonic Taunel consirted of surveys of &
twenty-fool lemgth of ncaxle and teat section in whick the
most desirsble model locatlons ocevr. These surveys
were obixined with an eight-fool traversing rake wilizing
pitot-wedge and pitot-tempersture probes. The date ob-
tained from these surveys lnchuded (sentropic-nozsle
Mach number distributions both on and off the centerline,
true Jocal Mack nurcber deiermined from tha pitot-wadge
probes, noksle pressure recovery, aod flow misslignment,
Thene surveya wora conducted at noxsle Maxch numbers of

O

Suparsonic wind timnels
Calibration

Mach nusaher

Pressurs

Supersonic flow
Measurensent

Contract AF 40(500)- 800
8/A 2(81-13)

ARO, Ine., Arnold AF Bia,
Tern.

Nishels, 1. H., Davis, M. W.,
and Owrear, C. L., Jr.
Avallable from OTH

In ABTIA collaction

1,50, 1.€0, 1.75, 2.90, 2.35, 3.80, 2.75, 3.00, 3,35,
and 3.50. Ragults show that meximum Mach munber
waristions over the surveyed langth are 40.02. The stag-
nation pressure recovery through the noxxle, for the
range of specific humidity oblained diring this program,
varied from 1.083 at Np, = 1.30 10 0. 681 at Ny, = 3,50,

[,50, 1.80, L.'75, 2.00, 2,25, 2,50, 2.75, 3.00, 3.135,
and 3,50, Resulls show that maxdouon Machk munber
varintions over the surveyed length sre £0_02. The stag-
nation prepsure recovery through the nosele, for the
range of specific midity ohtained during thia program,
varied from 0. 628 st Ny, » 1.50 to 0,881 at Ny ~ 3.60.




Arncld Englneering Development Center
Arnold Air Force Station, Tenceazee
Rpt. No, AEDC-TDR-82-55. INITIAL AERGCDYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 16-FT
SUPERSONIC TUNNEL (U). March 1962, 53 p. Incl
4 refs., 1lus.

Unclansified Report

Initial aercdynamic calibration of the testlng region of the
PWT 156-Ft Superaonic Tunnel consisted of surveys of &
twanty-foot langth of nozxle and teat aection in which the
moat deslirable model locations oceur. 'Theee surveys
were obtained with an eighi-foot traversing rake wiilizing
Ppltct-wedge and pHHot-temperatore probes, The data ob-
tained from these surveya included isentropic-nozzle
Mach number distributions both on and off the centerline,
true local Mach number determined from the pitot-wedge
probes, nogzle pressure recovery, and flow misalignment.
These snurveys were conducted at nozzle Mach numbers of
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Superacoic wind tunnasla
Crlibration

Msch number

Presasure

Buperacnic flow
Measzurement

Coantract AP 40{800)-300
S/A 24{E1-73}

ARD, Inc., Arnold AF Sie,
Tenn.

Nicholas, J. H., Davis, M. W.,
and QGarmer, C, L., Jr.
Avallahle from DTS

In ASTIA collection

Arnold Engineering Development Center
Arnold Alr Force Station, Tennesges
Hpt. No. ARDC-TDR-82-55. INITIAT, ARRODYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 18-FT
SUPERSONIC TUNMEL (U). March 1962, 53 p. incl
4 refs,, NMue.

Tclasaified Report

Initial aerodynamic calibration of the testing reglon of the
PWT 18-Ft Supersonic Tunnel consisted of surveys of &
twenty-foot length of nozgle and test section in which the
most desirable model locations oceur. These surveys
were chiained with an eight-fool traveruing rake utilizing
pitoi-wedge andé piiot-temperainre probex. The data ob-
tained from these surveys Included isentropic-norzle
Mach mumhber disiributions both on and off the centerline,
true local Mach pumber determined from the pitot-wedge
proben, nomzle pressure recovery, and flow misalignment,
Theaws surveys were conducted ut nozzle Mack oumbers of

O
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Supersonic wind tunnels
Calibration

Mach mumber

Pregsure

Supersonic flow
Measurement

Contract AF 40(G0C}-800C
B8/A 24(51-73}

ARQ, Inc., Arnold AF Sta,
Tenn.

Nichols,J. H., Davis, M. W.,
and Gerner, C. L., Jr.
Avallable from OTS

In ASTIA collection

1,50, 1,80, i.75, 2.00, 2,35, 2.50, 2,76, 8,00, 3.25,
and 3,50. Results show thet mariium Mach mumber
variations over the surveyed length are 10.02, The stag-
nation prespure recovery through the nozzle, for the
rangae of apecific humidity obiained during thie program,
varied from 0.99% at Ny, = 1,50 to 0.581 at Ny, = 3.50.

1.50, 1.60, 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3,135,
and 3.50. Resulis show that marirnum Mach mambar
veriations over the aurveyed length are 10,02, The atag-
nation pregsure recovery through the nozxle, for the
range of specific umidity obtained during thix pregram,
varied from 0.993 at Ny, = 1.50 to 0.961 at Ny, = 3.50.




Arnnld Engineering Development Center

Arnold Air Force Statiom, Tenseagee

Ept. No. ARDC-TDR-02-53. INTTTJAL AERODYNAMIC
CALTARATION RESULTS FOR THE AXDC-PWT 13-FT
HUPERSONIC TUNNEL {U1. March 1862, 53 p. Incl

4 refs., illus.

TUnclasuifind Raport

Inftia] werodynamic calibration of the testing reglon of the
PWT 16-Ft Supersonic Tuonel consistad of surveyn of =
twenty-faot length of noxsle mod test aection in which the
most deslrable model locstions ceour. These xurveys
ware obtained with an eight-foot traversing rake utilixing
pitot-wedge and pitoi-temperature probes. The date ob-
tmined from these surveys included isermropic— la
Mach number diatributions hoth cn and off the centariioe,
trua local Mach pumber determined froxm the piict-wedge

probes, nozzle pressure recovery, amd flow misslignment.

Thase gurveys ware copducted at nozxle Mach numhers of

O
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4. Cxlibration
3. Mach mumher
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<4 H n

Sopersonic wind himnals

Fresgure

Bupersanic Ilow
Monyuremect

Contract AF 40{500)-800
S{A 24{81-T3)

ARD, Inc., Arnold AF Sim,
Tenn.

Nichols,J. H., Davis, M. W.,
and Gerper, C. L., Jr,
Awallahie from OTS

In ASTTIA collection

Arnold Engineering Development Cemnter
Arnold Alr Porce Station, Tennessse
Hpt. Ro. AEDC-TDRB-§3-55. INITIAL AERCDYNAMIC
CALTARATION RESULTS FOR THE AEDC-PWT 10-FI
SUPERBONIC TUNNEL {I7}. March i383, 538 p. inel
4 refs., lus.

Unclageified Raport

Inftial nercdyanmis calibration of the testing region of tha
PWT 18-Ft Supersonic Tunnel consisted of surveys of a
twenty-font Iangth of noxels and test zection in which the
most desirable model locations occur. These surveys
ware ohinined with aa sight-foot traversing rake uwiilising
pitot-wedge and pitoi-temperature probes. The data ob-
tained from these parveys included isentropic-noszle
Mach musher distribaticos both on and off the centerline,
true local Mach onmber determined from the pitot-wedge
probes, nozzle preasure recovery, and flow misalignmant.
These aurveys were condincted at nozxzle Mach mumbers of

O
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Superscale wind tunaels
Calibhrution

Mach numhbar

Pressurs

Suporsonlt flow
Measuremasnt

Contract A¥ 40(800)-500
8/A 34(81-73)

ARO, Inc., Arnold AF Sta.
Tenn.

Nichols, . H., Davis, M. W.,
and Garpax, C. L., Jr.

I1.50, 1.60, 1.7, 2.04, 31.35, 1.50, 2.75, 3.00, 3.35,
and 3,50, Reaulta show thet maxixivn Mach nunber
wveriations over the surveyed length are 3.03. The siag-
uation pressure recovery through the noxxle, for the
range of apaciir humidity obtained durlng this progmam,
varied from 0.893 at Ny, =« 1.30 te 0,961 at Ny, = 3,50,

1.50, 1.80, 1.75, 2,00, %, 25 2. 80, 3,76, 3.00, 3,25,
and 3.50. Resulis show that maximum Mach munber
variations over the surveyed length are +0.02. The stag-
oxtion pressurs recovery through the noxxle, for the
renge of apecitic obtained during this progian,
varied from 0.953 at Ny, = 1.50 to 0.98% at Ny = 3.54.




Arnold Engineering Development Center
Arnold Air Force Station, Tennespee
Rpt. No. ARDC-TDR-£2-55, INITIALI. AERODYNAMIC
CALIBRATION RESULTS FOR THE AFRDC-FWT 18-FT
SUPERSONIC TUNNEL {U). March 1862, 53 p. iacl
4 refa,, illus.

Unclasaified Heport

Initial aerodynamic calibration of the testing regiom of the
PWT 15-Ft Supersonic Tunnel conaisted of gurveys of a
twenty-foot Iength of nozzle and tent section in which the
most degirable model locations occur. These surveys
were obtained with an eight-foot traversing rake utflizing
pitot-wedge and pitot-temperature probes. The data ob-
tained from these surveys included isentropie-nozzle
Mach number disiributions both on and off the centerline,
true local Mach number determined from the pitot-wedge
probes, nozzle prasgure recovery, and flow misalignment.
These surveys were conducted at nozzle Mach oumbers of
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Calfthration
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Supersonic flow
Meagurement

Cortract AF 40(600)-200
8/A 24(61-73)

ARO, Inc., Arnold AF Sta,
Tenn,

Nichole,J. H., Davia, M. W.,
and Garner, C. L., Jr.
Availahle from OTS

In ASTIA collection

Arncld Engineering Development Center
Arnold Air Force Station, Tenneages
Rpt. No. ARDC-TDR-82-55. INITIAL ARRODYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 18-FT
BUPERSONIC TUNNEL (U). March 1862, 53 p. incl
4 refs,, ffuna,

Unclagsified Report

Initial aercdynamic calibration of the testing region of the
PWT 16-Ft Supersonic Tunnsl consisted of surveya of &
twenty-foot langth of nozrle and test section in which the
most desirable model locations vecur. Theze surveys
were obtalned with an eight-foot traversing rake utilizing
piiot-wedge and pitot-iemperature probes. The data ob-
tained from these surveys included isentropic-nozzle
Mach mumber distributions both on and off tha centerline,
trna local Mach mumber determined from the pitot-wedge
probes, norele pressura recovery, and flow misalignment,
These surveys were conducied at noxzle Mach numbers of
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Supersonic flow
Meagurement

Contract AF 40(500)-800
5fA 24(81-73)

ARO, Ine., Arnold AF Sia,
Tenn.

Nichgls, J. H., Davis, M. W_,
and Qerner, C. L., Jr.
Avallable from OTS

In ASTIA coliection

1,60, 1.80, 1.76, 2,00, 2.25, 2.50, 2.76, 3.0, 3.36,
and 3,50, Results show that maximum Mach mmnber
variations over the surveyed length are #0.02, The stag-
nation presgure recovery through the nozrle, for the
range of specific humidity obtained during thix program,
varied from 0.993 at Ny = 1,50 to 0,981 at Ny = 3.50.

1.60, 1,80, 1.76, 2,00, 2,35, 2,50, 2,75, 3.00, §.136,
and 3,50. Reaults show that maximum Mach number
variations over the surveyed lengih are £0.03, The stag-
nation pregsure recovery through the noxzle, for the
range of apecifioc humidity cbtained during thia program,
varied from 0,993 at Ny, = 1.50 to 0,981 at Npy = 23.50.




Arold Engineering Development Center
Amald Alr Force Station, Tennessee
Rpt. No. ARDC-TDR-82-36, INITIAL AERODYNAMIC
CALIBRATICN RESULTS FOR THE AFDC-PWT I8-FT
SUPERSONIC TUNNEL (U). March 1083, 63 p. Incl
4 rafy., lus.

Unclasgsified Report

Indtial serodyommic calitbration of the testing region of the
PWT 16-Ft Supersonic Tuanel congisted of surveys of o
twenty-foot length of nozxle and test section In which the
wont desirable model locations cecur. These surveys
ware obtxined with an eight-foot traversing mke utilizing
pitot-wedge and pitot-tempersture probes. The data ob-
tatned from these surveys included lsentropic-nozgzle
Mach number distributions both on and off the centerline,
true local Mach number determined from the pitot-wedge

probes, nozsle pressure recovery, and flow misaligmment.

‘Theae surveys were conducted at nozxle Mach numbers of
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Michols, J. H., Davis, M. W.,
ansd Gerner, C. L., Jr.
Available from OTB

In ASTIA collection

Arncld Engineering Development Center
Arnold Air Force Station, Temnessee
Rpt. No. AEDC-TDR-83-55. INTTIAL AERODYNAMIC
CALIBRATION RESULTS FOR THE AEDC-PWT 18-¥FT
BUPERSONIC TUNNEL (U). March 1963, 53 p. Incl
4 refn., illos.

Unclassified Report

Initial serodynamic calibration of the testing region of the
PWT L8-F: Superaonic Tunnel consisted of surveys of &
twenty-foot length of nozxls xad test section tn which the
most desirable model Incations ccour. These aurveys
wars oblaiced with an eight-foot traversing ke utilizing
pitot-wedge nnd piiot-temperature proves. The data oh-
tained from these surveys included isentrople-nosxle
Mach number distribations both on and off the canterline,
true Joenl Muck number determined from the pitot-wedge
probes, noxxle pressure recovery, snd flow

These surveys were conducted st nozzrle Mach mmhbhers of
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1.50, .80, 1.76, 3.00, 2.25, 2.50, 2.75, 3.00, 3,15,
and 3,50. Resulta ahow that maxivouwm Mach munber
variztions over the surveyad langth xre 43,031, The otag-
mation pressurs recovery through the noxxle, for the
range of apecific humidity obtained during this program,
variad from 0. 693 st Ny » 1.60 1o D, 861 st Ny, = 3.50.

i1.50, 1.60, 1.7G, 2.00, X.28, 2.00, 2,75, 3.00, 4.15,
and 5,50, Resmdis show thet msxicnom Mach muaber
waristions over the survayed longth wre 440,02, The steg-
nation pressure recovery through the noxzle, for the
range of apecific bhumidity chtained during this program,
wvaried frozm 0,883 at Ny, = 1.60 {0 0. 061 st N = 3.50.






