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FOREWORD

This report was prepared in the Engineering Branch of the High

Speed Test Track Facility, 6585th Test Group, Holloman AlE, New

Mexico 88330, under Technical Support JON 99930000. The data reported

was collected under two separate track test programs . The vibration

and five hole direction probe data were collected under the Track Test

Division Operations Plan 177—R and program JON 9950SOl4. The flow

survey model data was collected under Track Test Division Operations

Plan 9B—A and program JON AEDCSPO1.
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ABSTRACT

This report presents the results of several rocket sled runs which

were conducted on the Holloman High Speed Test Track facility. The objec-

tive of these runs was to collect aerodynamic and vibratory data on a

rocket test sled which was specifically designed to test large three dimen-

sional models at Mach numbers up to 1.5. The vehicle design emphasizes

aerodynamic cleanliness and inlnIi&um frontal area while attempting to incor-

porate maximum stiffness in order to provide a relatively rigid testing

platform in an undisturbed transonic flow field. Flow angularity measure-

ments were made by three different methods. One method used pressure data

obtained from a five hole direction probe, another used pressure data

measured on a wing—body model which had been previously tested in wind

tunnels, and the third method determined flow field angularity from model

sting strain gage data . Mach number was calculated in two ways: from

electro—optical space—time measurements and also using dynamic pressure

readings . Vibration information on the sled/model interface was collected

by triaxial accelerometer measurements obtained during several sled runs.

Model and sting dynamics were measured with stra in gage bridges installed on

the model sting. Pressure measurements were taken on a wing—body model

which was origina~Lly designed for wind tunnel use. The results are

compared with wind tunnel data up to Mach 0.9
‘N
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I INTRODUCTION

The Holloman High Speed Test Track located in the Tularosa Basin

of New Mexico has acconmodated many types of aerodynamic teats since

it began operation in the middle of the 1950 ’s. These tests have

ranged in velocity from low subsonic speeds to the near hypersonic

regime and the sleds involved have carried payloads from as light as a

few ounces up to thousands of pounds. The range of payload sizes has

extended f rom as small as an air to air missile fin to as large as the

entire forward section of a B—52 aircraft. The test objectives have

included collecting steady state and transient aerodynamic and aeroelas—

tic data on aircraft and missile panels, stabilizing components, control

surfaces, etc. Other types of rocket sled applications which have

provided aerodynami
1 
information include tests of aircraft crew escape

seat and pod ejection systems of parachute and associated drogue devices

of rocket nozzle and plume effects, the measurement of skin temperatures,

and the study of shock on shock interaction and other blast intercept

• phenomena (ref. 1). While many of these aerodynamic tests were conducted

in the transonic raI~ e~ they generally were not performed on a track

vehicle specificall3~ designed for transonic testing. For the past several

years, however , the high speed Test Track has been developing data

gathering techpiquQs and rocket sled vehicles specially designed for

application in the transonic regime. One such technique particularly

suited for testing of semi—span or half models has recently been completed .

These tests provided transonic information on a two dimensional panel

model representing t~ie essential features of an airfoil of a large

transport aircraft (ref. 2). Recently the Test Track has also been

1
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testing a rocket sled vehicle specially designed to carry large three

dimensional models in the transonic range. This vehicle supports the

model far ahead of the main sled structure approximately seven feet above

the rail top surface, and moves it through the air at the track’s elevation

of 4,000 feet above sea level, at vt~~3cities in excess of Mach 1.2. It is

anticipated that this vehicle will eliminate or at least minimize some of the

difficulties encountered in transonic wind tunnels such as boundary layer

buildup , flow angularity and blockage. As wind tunnel model size and angle -

of attack increase, these problems become increasingly severe and the

resultant tunnel data cannot always be adequately adjusted. The following

report presents both aerodynamic and vibration data obtained on this rocket

sled while traversing the Hollozian High Speed Test Track at transonic

velocities.

II EQUIPMENT AND PROCEDURE S

A. ROCKET SLED: The dual rail rocket sled, designated FDN 7314, was

used to carry the payloads discussed in this report and is shown in Figure 1.

It was specifically designed for transonic track testing of large three

dimensional models. The sled was designed around a compromise between

sled structural stiffness, sled frontal area and aerodynamic cleanliness,

to minimize translational and rotational deflection of the sled/model

interface and to produce minimal aerodynamic disturbances forward of this

interface at all Mach numbers. The location of the aled/ model interface

and the distance from this interface to the nearest point on the sled and

track facility is shown in Figure 2.

As is standard practice at the test track this vehicle has a gap

between the railhead and the slipper which is attached to the sled and

2
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grips the railhead. This gap can be a m*v4euIum of 0.125 inch when the

slipper is touching any one surface and measured at the opposite surface.

As a result of this and’ the 216 inches between slipper beam centerlines

the vehicle can be at yaw or pitch attitudes up to ±.033° depending on

the overall sled loading conditions being experienced. Winds encountered

along the sled trajectory may also necessitate attitude corrections.

This effect on sled yaw angle is graphically shown in Figure 3. In order

to minimize these effects, sled tests of this nature are not run above

5 knot winds.

The vehicle has a gross weight of 6,475 pounds which includes the

75 pound model payload and 150 pounds of transducers, power supplies,

electronic signal conditioning and telemetry equipment, pallets, containers

and the associated vibration isolation system. The telemetry equipment and

other necessary electronic hardware are carried in three compartments

located in the twenty—four inch diameter cylinder which forms the upper

part of the rocket sled.

The vehicle is capable of being pushed to Mach 1.5 by lower stage

propulsion units which are left behind allowing FDN 7314 to sustain its

velocity and/or coast to a stop by itself. The free—run may be terminated

at the lower velocities if necessary by the momentum exchange water brakes

located forward of the front slippers on each rail. The sled is able to

sustain its velocity at several discreet levels through the simultaneous

firing of two or more of the nine on board rocket motors. The discreet

sustain velocities are determined by matching the nine incremented thrust

levels with combined drag of the vehicle and model payload. Velocities

may be sustained for up to five seconds .

• 3 
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The instantaneous sled velocity relative to the track is calculated

from time and distance data measured by an electro—optical system which

is standard at the test track for dual rail rocket sled vehicles (ref. 3).

Mach numbers calculated from data obtained by this system can be corrected

for wind induced errors if these errors are above the noise level. This

electro—optical system is located on the starboard rear slipper beam end .

As was previously mentii’-’~d, the sled was designed to minimize aerody-

namic disturbances in the vicinity of the model and thus has a projected

area when viewed from the front of 10.4 square feet, which is relatively

low for rocket sleds of this weight. The sled has a subsonic drag coef-

ficient (CD) referenced to this frontal area of 0.67 and a drag coefficient

of 1.0 at Mach 1.

B. FIVE HOLE DIRECTION PROBE : The five hole direction probe used during

this run series and the related support assembly are shown in Figure 4. The

probe was obtained from AEDC . It has been calibrated in the AEDC Aerodynamic

Wind Tunnel (lT) at pitch and yaw angles from —4 to +4 degrees and Mach num-

bers from 0.5 to 1.5. A detailed description of the calibration method can

be found in reference 4. The probe has forty inches of stainless steel tubing

• leads with 0.036 inch inside diameters. Five, 17—foot strands of flexible

plastic tubing with .043 inch inside diameter connects the steel tubing leads

to five Bell & Howell, type 4—312—002, pressure transducers which were

installed on a vibration isolated pallet in the forward instrumentation

compartment of the rocket sled. The longitudinal axis of the pressure trans—

ducer is oriented in the cross track direction to eliminate sled boost accel—

eration sensitivity. The transducers connected to orifices 1 through 4 (Pig—

ure 4) had a range from 0 to 7.5 psi and the transducer connected to orifice

5 had a range of 0 to 12.5 psi. The reference sides of the five pressure

4
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transducers were connected to a c o n  pressure reservoir which was

vented to the atmosphere and closed just prior to each run. The transducer

output signals were digitized through a pulse code modulation unit and

transmitted to the ground station by FM telemetry. The direction probe

assembly was aligned parallel to the ground while the rocket sled was

sitting on a special fitting track located in the track fabrication shop.

The vehicle slipper gap was equally shimme d to align the sled with the

fitting track. An optical tooling jig transit was used to obtain the

attitude of the probe relative to a plane passing through the rail’s top

surfaces. These measurements indicated that the probe was installed with

0.087° yaw to the port and 0.062° pitch up attitude.

C. ACCELEROMETER INSTALLATION: The accelerometer measurements

discussed later in the report were taken with 2262—200 Endevco piezo

resistive accelerometers. These instruments are capable of a 1,000 Hz

frequency response which was accommodated by a constant bandwidth PM/FM

telemetry system. The accelerometers were placed in three mutually

orthogonal directionals and mounted on the base of the cone shown in

Figure 4.

D. FLOW SUR*EY ~ )DEL: The f low survey model installed on the sled

is shown in Figur~ 5. Basic model dimension, calibration loading points

and strain gage and orifice locations are shown in Figure 6 and Table 1.

The model contained 44 wing orifices located 8 inches out from the center

body centerline. Twenty—two orifices were located on the underside of

the port wing and 22 orifices were located on the top side of the starboard

wing. The orifices were located at the following percentages of wing chord:

0, 2.5, 5.0, 7.5, 10.0 and each 5 percent increment up to 95%. The wing

5
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orifices had a diameter of .0225 inch and were located at the points

shown in Table 1. The center body contained twelve orifices on the

top centerline and twelve orifices on the bottom centerline. Each of

• these orifices was .024 inches in diameter. Both wing and center body

orifices were connected to stainless steel. tubing with an inside diameter

of .024 inches . Each stainless steel tube was ten feet in length and

was in turn connected to eleven foot lengths of flexible plastic tubing

with an inside diameter of .043 inches.

The plastic tubing was connected to the pressure transducers which

were installed on two vibration isolated pallets in the forward instrumen-

tation compartment of the rocket sled. The transducers had four different

pressure range capacities (i.e., 3.0, 5.0, 7.5 and 12.5 psi) . The

maximum anticipated pressure level of each orifice determined which of the

four ranges were used. The reference sides of the set of transducers

which had the same pressure range were connected to a co~~~n pressure

reservoir which was vented to the atmosphere just prior to each run . The

transducer output was sent through a pulse code modulation unit to digitize

the signal and the resultant signal transmitted to the ground station by

FM td.emetry.

An 0.1 inch wide boundary layer trip was applied to the full span of

the model wing at the 5% chord line. The trip was developed by bonding a

sprayed layer of 0.007 inch diameter glass shot to the wing surface. The

model was aligned in the same manner as the f ive hole direction probes

and was positioned to less than 0.01° in pitch and yaw, relative to two

• mutually perpendicular planes one of which passes through the rail top

• surfaces and the other one vertical , pointing in a down track c~irection.

The sting support was strain gaged in the two locations shown in Figure 6

6
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with two independent 120 ohm Wheatstone bridges . Each bridge was cali-

brated as a function of angle of attack. The results of this calibration

are shown in Figure 7. Four lines are presented in this figure. The two

upper lines refer to the gage closest to the model and show the small

dependence of the millivolt output on point of load application (i.e.,

8.484 and 12.484) for a common angle of attack (a°). The two lower lines

present similar information on the gage nearest the sled. As is indicated

in the figure the full scale value used in the sled run data was higher than

the actual calibration. The increase was necessary to prevent over

deviation of the data by track/sled dynamics.

III RESULTS AND DISCUSSION

A. FLOW ANGULARITY

1. Five—Hole Direction Probe: Two rocket sled runs were conducted

with a five—hole direction probe provided by AEDC . The probe and interface

structure is shown in Figure 4. The data were obtained through the use of

the telemetry system previously described . The first run did not provide

useful flow angularity data due to loosening of the probe at some time

during the run. The second run did not encounter any structural or data

acquisition problems and provided useful pressure information. The following

is a tabulation of the pressures measured at selected Mach numbers during

the sled run:

M P 1 P 3 P2 Pk

0.7 1.6011 1.7168 1.7812 1.7866 5.1381

0.8 2.5383 2.6532 2.7492 2.6410 6.8179

0.85 3.1631 3.2775 3.4075 3.2625 7.8060

0.9 3.7880 3.9018 4.0271 3.9616 8.8929

7 
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This pressure information was applied to three different methods for

calculating flow angularity.

The first method applied a system of calibration equation to the
• pressure data obtained during the sled run . A simplified form of the

equation for the vertical plane is

• r~2 -~ r~3 -
~~~~~~~~~

c z J~ 1 — K I  1+ ~~L P5J  L Ps J
where the constants for specific Mach numbers (M) are

M 3 IC So

0.7 3.3114 —53.800 —0.4 182

• 0.8 3.9862 —49.370 —0.3755

0.85 3.7108 —47.080 —0.4083

0.90 2.9079 —45.610 —0.4200

The value c equal to approximately — 0.4 degrees indicates that an observer

fixed to and moving with the model would view the approaching flow coming

f rom above and moving toward the ground . This flow angle is not considered

plausible under existing sled run conditions . This term is interpreted as

a correction for a built—in fabrication error of this specific probe. This

equation and the above ca1ibra~ion constants were provided by AEDC . The

flow angularity in the pitch plane as determined using the previously

described information is listed in column 3 of Table 2. The significance of

the angle will be discussed following the detailed description of the two

• other methods used to determine the other values presented in the table.

Figure 8 presents the flow angularity versus Mach number. This graph

is included in this report primarily for the purpose of demonstrating the

8
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results of the digitizing process used. The data points indicated in this

figure were obtained using a more general form of the previous equation,

a larger sampling of the pressure data and a computer routine . The

stratification of the points into three levels is the result of the

digitizing process and instrumentation accuracy. The digitizing process

requires that the calibration level for Pj through Pk which in this case

was 5.0 psig be divided into 256 discreet steps. Thus each of the resulting

steps is approximately .0391 psi, and these steps when applied to the equa-

tions result in the distinct stratification noted in the data.

The second method for determ ining flow angularity in the pitch plane

using the measured pressure was obtained from reference 5. The flow angle

is given by the following equation:

— 
~ 1 r 2

“5 — “3 L~-”~°
For the probe used in this report 0 is equal to 40° . This is the angular

location of the orifices in the pitch plane. The results of these calcula-

tions are presented in column 1 of Table 2. It should be pointed out that

no effort was made to correct the f low angle calculated by the above equa-

tion for fabrication errors.

A third method of calculating pitch plane flow angularity was obtained

from reference 6 which provides the following equation:

P 3 — P 1 1

P 5 a

In this equation “a” is the linear sensitivity per degree and is given in

the following table:

9 

1_



r ~~~~~~~~~~~~ ‘~~~~T -
~~ _~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘— - -
~~~~~~

I

M a[deg 1]
.

.7 0.0728

.8 0.0645

.85 0.0603

.9 0.0560 -

The results of calculations using the above information are listed in

column 2 of Table 2. Again no attempt was made to correct ‘fo r fahrication

errors.

In comparing the angle of flow calculated by the above methods it is

evident that the results of the first method (column 3, Table 2) do not

agree well with the other two methods at the lover two Mach numbers . par-

ticularly since no effort was made to account for the fabrication errors

in the results of the last two methods (columns 1 and 2 of Table 2). The

values presented in columns 1 and 2 of Table 3 are identical except for

a scale factor. The values listed in column 3 show a completely different

trend than those in the other two columns . The values presented in columns

1, 2 and 3 have not been corrected for the 0.0620 pitch up misalignment

discussed in paragraph B of this report . The positive flow angle listed

in Table 2 indicates that relative to an observer fixed to the probe tip the

flow is coming from below and moving upwards.

2. Plow Survey ~~del : One rocket sled run was conducted with a flow

• survey model provided by AEDC. The model installation is shown in Figure 5.

Two methods were applied to the measured data in calculating flow angularity .

• The first method used the most forward upper and lower pressure obtained on

the center body to calculate the flow angularity experienced during the run.

First the pressure coefficient (C
s

) for the upper and lover orifice was

10
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calculated by dividing the gage pressure measured at each orifice by the

dynamic pressure (q). The dynamic pressure was obtained using the ambient

static pressure and temperature measured at the Track facility that day and

• the velocity obtained from the electro—optical time and distance data

measured during the run . The resulting pressure coefficients are presented

in Figure 9 for a selected time interval . It should be pointed out that

the indicated pressure coefficient drop on the upper center body at approxi-

mately 8.92 seconds is caused by the digitizing process. For example, the

pressure transducer for that orifice is calibrated for ±5 .0 psig and therefore,

each of the 256 digitized steps is equal to .039 psig. For a change in

pressure of this amount the pressure coefficient C~, would change by approxi-

mately • 006 • Since the pressure transducer is accurate to approximately 0.04

psi, the digitizer output could jump by two steps or a change in C~, of approxi-

mately 0.012. The pressure coefficients beyond 11.52 seconds exhibit an

apparent upward slope over short time increments. This results from the

fact that the indicated pressure reading remains constant at one digitized

step for a time interval ~t during which the transducer output changes

sufficiently to cause the digitizer to j ump to the next step. During this

time interval, however, the dynamic pressure readings change continually,

so the indicated digitized pressure is divided by decreasing values of q,

causing the apparent rise in Ci,. A difference between the upper and lover C~,

of .006 vas estimated from the data presented in Figure 9. The differential

pressure coefficient was the inserted to the following equation.

a - A o + A ir c  - c 1,1
L PL uJ

where the constants for selected Mach numbers (N) are:
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M A0 A1

0.7 0.182 17.984

0.8 
, 

0.130 16.868

0.85 0.144 17.158

0.9 0.124 18.095

The equation and list of constants were provided by AEDC . The flow angularity

calculated using the above information is presented in column 4, Table 2.

Flow angularity was also calculated from pressures measured on the model

wing. Wind tunnel data were available for the wing pressures at various

angles of attack. From these data a C~ was obtained for a change in angle

from 0° to 2° and it was assumed that the C~, would vary linearly through

this range for the first two orifices near the wing leading edge. Dividing

the pressure differential obtained from the pressures measured at the second

orifice back from the leading edge of the upper and lower wing surface by

the assumed value of change in pressure coefficient per degree for each Mach

number, the angles in column 5 of Table 2 were calculated.

3. Survey )kdel Sting: During the sled run on which the flow survey

model pressure measurements were obtained, strain gage measurements were

made on the sting supporting the model • These measurements were taken

on two independent strain gage bridges. The data were put on two constant

bandwidth channels having 4 KHz response. The measurements therefore,

contained dynamic information on the test assembly and are discussed in

another section of the report. For purpose of determining the quasi steady

state flow angularity the information was filtered at two cycles per second.

The resulting angular deflections determined by this technique are presented

in Figure 10. From this figure the average angle was selected for each Mach

12 -
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number of interest and is listed in column 6 of Table 2. Obviously this

angle represents an angular alignment change due to sting deflection, not

an angular deviation of the approaching flow.

B. ACCELEROMETER DATA

The accelerometer data to be discussed are taken from measurements made

on five sled runs. The three accelerometer locations are shown in Figure 4.

The first three runs (i.e., l7Y—Rl, l7Y—R3 and l7Y—4B) were conducted without

the five hole direction probe, and the extension tube forward of the cone was

not installed. The remaining two runs were performed with the probe and exten-

sion in place. The 9
0 half angle cone was in place on all runs . Figures 11,

12, and 13 present the power spectral density (PSD) plots of the vertical,

lateral and longitudinal accelerometer data obtained during Run l7Y—R6 between

6.88 to 7.88 seconds . The PSDs were obtained from data which were converted

from analog to digital information at a sampling rate of 4,096 points per

second. The data are not continuous as plotted but consist of a series of

connected points. To obtain these points the accelerometer information was

filtered with a 2 Hz bandwidth filter from 0 to 100 Hz, with a 4 Hz bandwidth

filter from 100 to 200 Hz and with a 6 Hz bandwidth filter from 200 to 2,000.

This process produces one point for every 2 Hz, 4 Hz and 6 Hz in the respective

frequency ranges. A su~~~ry of the results of all runs is shown in Table 3.

The listed in the X—direction do not contain the bias due to the slow

varying boost or coast acceleration value. In order to obtain information

on some of the natural frequencies of the sled structure, the tabulated data

plotted in Figures 11, 12, and 13 were examined. Each frequency at which a

maximum occurred was considered a modal frequency, and for each frequency

which exhibited the maximum p er, the z and y direction were considered to be

the do’.mtrack, verti al plane (i.e. vertical) and the cross track, vertical

I I
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plane (i.e. lateral) respectively . These are listed below as the primary

• plane of the particular mode shape. The following list contains measured

frequencies and frequencies obtained from a structural dynamic computer

• solution of a mathematical model developed for this specific rocket sled.

Mathematically Measured
Predicted During Runs

Hz Hz

12.4 Lateral 14 Lateral

17.2 Vertical. 19 Vertical

26.1 Lateral 24 Lateral

35.6 Vertical 31 Vertical

41.2 Lateral 40 Lateral

44.8 Vertical 45 ?

71.1 Lateral 60 ?

The last two frequencies cannot be determined in this manner since the power

level is approximately equal in each direction . The mathematically predicted

frequencies listed are the first seven mode shapes determined by the computer

solution and have no imbedded frequencies omitted.

• C. STING STRAIN GAGE DATA

The data discussed in this section were obtained from the strain gage

bridges installed on the flow survey model sting in the location shown in

Figure 6. Figure 14 presents a sample of the sting and model response to

forcing functions produced by the track environment. In this figure, a slight

bias can be observed. This is considered to be the quasi—steady state angular

deflection. Figure 15 presents the power spectral density for the forward strain

gage for a time segment of 8.155 to 9.155 seconds. This figure is representative - 

-
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of the data obtained on the aft bridge. The analog information was digi-

ti zed at 4,096 poInts per second for data presented in this figure . The

PSD was obtained using a 6 Hz bandwidth filter through the entire frequency

range. From the PSD it can be seen that one or two distinct resonant fre-

quencies exist between 12 and 24 Hz. Close examination of the type of

data shown in Figure 14 indicates a frequency at approximately 14 Hz. A

mathematical approach using an equation of the form obtained from reference

7 for a cantilevered beam with concentrated and distributed masses

r 3EI

L& 3 (m+.23mb U
results in a calculated frequency of 29 Hz. To obtain this value, the

moment of inertia (I) of the sting was estimated to be 0.9 ink . Since the

sting is composed of a straight and tapered section as shown in Figure 6

the exact value of (I) cannot be obtained readil y by a simple analytical

approach . The mass of the model (m) and sting (tab) are 0.65 and 0.61

lb—sec2/in, respectively. The length (&) is 31.0 inches. From this calcu-

lation it is evident that the previously determined resonance at 14 Hz is

not a sting mode but most ~tkely the influence of one or both of the two

sled frequencies 14 and 19 Hz as determined from the accelerometer measure-

ments. However, bec~~ae of the limited accuracy of both the analytical and

measured frequency it cannot be determined whether the frequency indicated

to be around 24 Hz in~Figure 15 is a frequency of the sting, sled or sting—

sled interaction. In future tests all efforts will be made to assure sepa-

ration of sting and sled frequencies.
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D. MACE NUMBER MEASUREM~~TS

During the test at which the pressure data were obtained, measurements

were made which allowed Mach number to be calculated by two completely dif-

ferent techniques . The standard technique at the Test Track for calculating

- Mach number on all dual rail rocket sled rims is to divide the velocity

obtained by the electro—optical space time system by the speed of sound. The

speed of sound in feet per second is calculated for the ambient air temperature

• of the facility at the time of the run through the use of the following

equation:

a = 49 (T+459.6)~~

where T — temperature in degrees Fahrenheit.

The results of the calculations using this standard technique are shown

in Figures 16 and 17 for runs l7Y—R6 and 9A—A1 , respectively. The solid line

in both figures is obtained by f airing through all data points provided by the

electro—optical system. The dots depicted in these two figures are obtained

by a second technique which uses the following equation taken from reference 8.

N 5 gPTP]
.2857 ]I’

2

The pressure (P) is the ambient static pressure at the facility at the time

of the rim. PTP is the total pressure which is obtained by adding the ambient

pressure to the stagnation pressure. The stagnation pressure is measured at

the center orifice in the five hole direction probe and resulting calculations

shown as dots in Figure 16. Figure 17 contains the result c f using the ste~ —

nation pressure measured at the orifices located on the leading edge of the

starboard wing of the flow survey model. The stepping of the data is caused

by the digitizing process which was described previously. The Mach numbers

16
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calculated by the second technique using the mean time for each of the

digitized steps are within approximately 0.005 Mach of those calculated by

the Track standard technique for the sustain phase and the coast phase at

least down to approximately M — 0.6. The comparison of the Mach numbers

obtained from the two techniques gives an indication of the pressure lag

in the system. The Mach number determined by the electro—optical space

time system is considered to be the true value at each time. During the

boost phase the pressure lag in the system is evident, however the boost

phase is generally not considered to be the prime data collection period.

E. FLOW SURVEY MODEL PRESSURE COEFFICIENTS

• Pressure measurements were obtained at all Mach numbers during accel—

eration, peak velocity, sustain, and deceleration portions of the sled

trajectory. The pressure coefficients calculated from the measurements

taken on the wing of the flow survey model during sustain and deceleration

are shown in Figures 18 through 20. Pressure measurements were taken on

- • twenty orifices of the top surface of the starboard wing and twenty orifices

on the lower surface of the port wing. The data points missing at the

orifice on the upper wing at 20% chord and the lover wing at the 10% are

due to problems associated with data reduc tion techniques. The missing data

from the orifice at 75% chord for Mach 0.6 and 0.7 is a result of noise on the

telemetry channel during this period of the run. Figures 21 through 23

present the pressure coefficients calculated from sled run data for the flow

survey model center body. Pressure measurements were obtained from nine

orifices on the centerline of the upper surface of the center body. The

missing data at orifices located at 33.2%, 57.2% and 102.5% of the chord on

the u pper body surface and 102.5% on the lower wing are a result of plugged

17 
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orifice and/or tub ng leading to the transducer . This condition was

observed during checkout of the model prior to installation on the rocket

sled by blowing smoke through the individual tubes. These orifices were

left inoperative. Wind tunnel data provided by AEDC are superimposed on

these figures but are not available for all Mach numbers. Comparing the

wind tunnel data with the average pressure coefficient of the upper and

lover wing which was calculated from the sled test data, makes it evident

that the wind tunnel pressure coefficients in general are slightly higher

and that for equal Mach numbers, the formation of a shock wave on the wing

as indicated by an abrupt change in pressure coefficient occurs in the wind

tunnel aft of the location where it occurs on the sled, as indicated by the

pressure coefficients. Sled derived pressure coefficients are also presented

for the peak Mach number of 0.917 reached during the sled run, and the

shadowgraph obtained at this Mach number is shown in Figure 24. The upper

part of this figure shows the flow model with the wing outline added to

aid in locating the wing position. The lover portion of the figure shows

the complete sting and its attachment at the interface of the sled.
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CONCLUSIONS

1. The f low field forward of the sled/model interface has less than

one quarter of one degree flow angularity from Mach 0.7 to Mach 0.9.

2. Mach number can be determined within 0.005 by either of two

independent techniques. One technique uses the standard Test Track eleetro—

optical space time measurement system and the other uses static and dynamic

pressure measurements.

3. Pressure ~.ag effects can be minimized by sustaining the rocket

sled velocity dur ng prime data collection periods.

4. Wind tunnel and track measured pressure coefficients compare

closely with coeffic~ents obtained on the track generally being slightly

higher.

5. Shock waves as indicated by high pressure gradients in the data

form farther from the wing trailing edge on sled tests than in wind

tunnel tests.
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TABLE 1

14)DEL AIRFOIL SHAPE AND ORIFICE LOCATIONS

Wing Airfoil Shape Fusela&e Orifice Locations

Chord Thickness Chord Thickness X/Chord*

.0000 .0000 3.6000 .2686 —0.738

.0450 .0445 4.0500 .2623 —0.680

.0675 .0535 4.5000 .2509 —0.564

.1125 .0679 4.9500 .2352 -0.448

.2250 .0940 5.4000 .2156 —0.332

.4500 .1302 5.8500 .1929 —0.216

.6750 .1572 6.3000 .1673 —0.100

.9000 .1790 6.7500 .1400 +0.131

1.3500 .2126 7.2000 .1123 #0.315

1.8000 .2368 7.6500 .0845 +0.572

2.2500 .2538 8.1000 .0567 +0.826

2.7000 .2648 8.5000 .0290 +1.025

3.1500 .2696 9.0000 .0117

*Nondimensionalized by dividLng by wing chord, with 0 being at the wing
leading edge d (—) forward , (+) aft.
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TABLE 3

SUMMARY OF - •

IDS 7317 A~C1 LER0METER MEASUREMENTS -

t Vel X Y Z
Run (sec) (ft/sec) G~~~ G~~~ G~~~ 

-

l7Y—R1 1.2 to 2.2 310+542 2.40 6.62 9.65

2.7 to 3.7 559+545 2.98 8.46 15.83 j
l7Y—R3 3.8 to 4.8 624+732 3.38 9.37 15.05

5.2 to 6.2 726+704 3.66 10.45 14.69

l7Y—R4B 2.4 to 3.4 710+927 4.49 9.67 14.59 •

4.4 to 5.4 896+857 5.09 16.53 24.01

l7Y—R.SC 4.12 to 5.12 889+876 5.63 13.43 20.90

17Y—R6 6.88 to 7.88 1041÷1020 4.72 11.88 14.67

12.9 to 13.9 900+850 4.53 10.95 18.38

~p~23
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