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NGMENCLATURE

A Throat area of venturi flow meter, in.2

AE Nominal RCS jet exit area, 0.014698 in.Z2
ALPHA Angle of attack in body axes, deg

ALPI Indicated sector pitch angle, deg

(W) Venturi flow meter discharge coefficient
CEl, 2 Hot fi11m flow meter calibration factors

CLL - Ro111ng moment coefficient including thrust
CLLR Ro11ing moment coefficient without thrust
CLM Pitching moment coefficient fncluding thrust
CLMR Pitching moment coefficient without thrust
CLN Yawing moment coefficient including thrust
CLNR Yawing moment coefficient without thrust
CONFIG RCS jet configuration .

CN Normal force coefficient including thrust
CNR Normal force coefficient without thrust

CY Side force coefficient including thrust

CYR Side force coefficient without thrust

DCLLR See Section 3.3.1

DCLMR See Section 3.3.1

DCLNR See Section 3.3.1

DCNR See Section 3.3.1

DCYR See Section 3.3.1

DNV Venturi flow meter throat diameter, in.
DPvV1 Venturi system differential pressure, {supply total

pressure - throat static pressure), psid

EFILM Voltage reading of hot film mass flow system, volts



ELEVON
EZERO

Kl, 2

KML, 2

KTl
KT2
KT3
KT4
KTS
KTHAL;
KTHARS
KTHFLS
KTHFRS

L1, 2, 3

MDOT
MOOTP
My

Elevon angle, positive trailing edge down, deg

Voltage reading of hot f11m mass flow system with
zero flow, volts

Calibration constants for model chamber pressures
PCL, 2

Rockwel1-supplied mass flow calibration factor for
forward and aft RCS jets, respectively,
1bm/ (sec-9R0.5-psia)

RCS thrust tare calibration factor for norma)
force, Tbf/psia

RCS thrust tare calibration factor for pitching
moment, in.-1bf/psia

RCS thrust tare calibration factor for side force,
1bf/psia :

RCS thrust tare calibration factor for yawing
moment, in.-1bf/psia

RCS thrust tare calibration factor for rolling
moment, in.-1bf/psia

Rockwe11-supplied RCS group thrust calibration.
factor for aft left side, Tbf/psia

Rockwe11-supplied RCS group thrust calibration
factor for -aft right side, 1bf/psia

Rockwell-supplied RCS group thrust calibration
factor for forward left side, 1bf/psia

Rockweli-supplied RCS group thrust calibration
factor for forward right side, 1bf/psia

Reference lengths for pitching, yawing, and rolling
moments respectively, 5.935, 11.709, 11.709 in.

Free-stream Mach number

Auxiliary air flow rate, 1bm/sec
Intermediate mass flow calculation, 1bm/sec
Dynamic viscosity at venturi flow meter,

1bf-sec/ft2

Tatal number of active RCS jets



NALS
NARS
NFLS
NFRS

P

P2PA
PC1,2

' PClA, 2A
PFILM
PHI

PHII
PHIM

pS1

Ps2

PT

PTS

PTVL

RE
RED

TC

TFILM
TFM

Number of RCS jets for aft left group
Number of RCS jets for aft right group
Number of RCS jets for forward left group
Number of RCS jets for forward right group
Free-stream static pressure, psia
Intermediate mass flow parameter

Calculated model chamber pressures, psia
Measured model chamber pressures, psia
Total pressure at hot film flow meter, psia
Madel roll angle, deg

Indicated sector roll angle, deg

Intermediate term for ventur{ mass flow calculation

Sting air supply 1ine static pressure, psia
Pressure at flow meter, psia

Free-stream total pressu}e, psia

Sting air supply 1ine total pressure, psia

Auxiliary air total pressure upstream of venturi
flow meter, psia

Free-stream dynamic pressure, psia
Free-stream unit Reynolds number, ft-1

Reynolds number at venturi flow meter based on
throat diameter

Reference area, 60.525 in,2

Free-stream static temperature, OR
Calculated temperature in model air supply
chambers, OR

Total temperature at hot fiim flow meter, OR

Auxiliary air total temperature at either venturi
or hot film flow meter, OR



TTV1 . Auxiliary air total temperature upstream of venturi
flow meter, OR

v Free-stream velocity, ft/sec

WG Auxiliary air flow rate calculated using Rockwell-
supplied discharge coefficients, 1bm/sec



1.0 INTRODUCTION

The work reported herein was performed by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC) under
Program Element 921E01, Control Number 9EOQLl, at the reguest of NASA
Johnson Space Center, Houston, Texas, The NASA project manager was Mr.
0. B. Kanipe, and the Rockwell International representative was Mr. J.
G. R. Collette. The DOFA project manager was Captain K. Gibby. The
results were obtained by Calspan Corporation/AEDC Division, operating
contractar of the Aerospace Flight Dynamics testing effort at the AEDC,
AFSC, Arncld Air Force Base, Tennessee. The test was performed in the
von Karman Gas Dynamics Facility (VKF), Hypersonic Wind Tunnel B,
during the period of January 20 through February 6, 1987, under AEDC
Project Number CHO7VB (Calspan Number V41B-27).

The purpose of this test was to expand the existing Space Shuttle
aerodynamics and reaction control system (RCS) data base to support the
G1ide Return to Launch Site (GRTLS) abort trajectory and the new
Digital Autopilot. An existing model of the orbiter was used to
investigate the aerodynamic effects of several combinations of RCS
thrusters and thruster momentum ratios at Mach number 6. Two separate
model installations were wused to achieve an angle-of-attack
range of -11 to 46 deg. The test was conducted at a unit Reynolds
number of 0.8 x 106 per foot.

Inquiries to obtain copies of the test data should be directed to
NASA/JSC, ED 3, Houston, TX 77058. A microfiche record has been
retained at the AEDC.

2.0 APPARATUS
2.1 TEST FACILITY

The von Karman Gas Dynamics Facility Hypersonic Wind Tunnel B8
(Fig. 1) is a closed circuit hypersonic wind tunnel with a 50-in.-diam
test section. Two axisymmetric contoured nozzles are available to
provide Mach numbers of 6 and 8, and the tunnel may be operated
continuously over a range of pressure levels from 20 to 300 psia at
Mach number 6, and 50 to 900 psia at Mach number 8, with afr supplied
by the VKF main compressor plant. Stagnation temperatures sufficient
to avoid air Jiquefaction in the test section (up to 1350 OR) are
obtained through the use of a natural-gas-fired combustion heater. The
entire tunnel (throat, nozzle, test section, and diffuser) 1is cooled by
integral, external water jackets. The tunnel 1s equipped with a model
injection system which allows removal of the model from the test
section while the tunnel remains in operatfon. A description of the
tunnel may be found in Ref. 1.

2.2 TEST ARTICLE

Model 70-02, a 1.25-percent scale model of the Space Shuttle
Orbtiter Vehicle 102, was supplied by Rockwell International and was



constructed of 17-4 PH stainless steel (Figs. 2 and 3). Elevon
settings of 0, +20, and -20 deg were provided by interchangeable
brackets.

Thirty-four RCS thrusters were simulated on the model, of which
efght were fnactive. Of the twenty-six active thrusters, eight were on
the nose and nine were on each of the Orbital Maneuvering System (OMS)
pods (Fig. 4). The model RCS system was composed of three removable
nozzle blocks, one for each of the two OMS pods and one for the nose.
Each thruster could be operated separately or in combination with any
of the other thrusters by removing plugs from specific holes in the
nozzle blocks. Table 1 shows the combinations of RCS thrusters tested.

A1l thrusters in a nozzle block were fed from a common chamber.
The chamber for each block was connected to the Auxiliary Mass Flow
System through the model support sting and load balance. Chamber
pressures in both the aft and forward nozzle blocks could be measured,
as well as the static and pitot pressure in the sting air supply line.

2.3 TEST INSTRUMENTATION

The finstrumentation, recording devices, and calibration methods
used for all measured parameters are listed in Table 2. In Tunnel B,
sti11ing chamber pressure 1s measured with a 200- or 1000-psid
transducer referenced to a near vacuum; the stilling chamber
gemperature is measured with Chromel-Alumel

" thermacouples.
2.3.1 Pressure and Mass Flow Instrumentation

Pressures in the sting afir supply 1ine were measured with two
2000-psi Setra pressure transducers calibrated for the range of 200 to
1200 psfa. During the jet-calibration phase of the test, pressures in
the model air-supply chambers were measured with two additional 2000-
psi Setra transducers calibrated for the same range. The Tunnel B
Standard Pressure System (SPS) was used to measure the ambient pressure
on the model during the Jet calibrations. The SPS uses 15-psid
transducers with ranges of 0.15, 1.5, and 15 psia and is referenced to
near vacuum.,

The auxiliary mass flow system was used to supply air to the model
during Jet calibrations and tests. The supply air was metered through
a long-radius venturi package for flow rates above 0.05 1bm/sec or for
air supply pressures greater than 900 psia. A hot film anemometer
package was used for lower flow rates and pressures.

2.3.2 Model Force Instrumentation

Model forces and moments were measured with a five-component,
flow- through, strain gage balance (designated SS08) which was supplied
by NASA Langley Research Center and was calibrated by AEDC. Prior to
the test, static loads in each plane and combined loads were applied to
the balance to simulate the range of 1loads and center-of-pressure



Tocations anticipated for the test. This simulated Tloading was
performed with an internal balance air pressure of 1100 psia.

2.3.3 Optical

Model flow-field shadowgraph photographs were obtained during the
test on all .configurations at selected model attitudes. The
photographs were obtained with a single-pass optical flow-visualization
system through two 17.25-in.-diam test section windows.

3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS

The nominal test condition for the test is given below:

M PT, psia TT, °R Q, psia P, psia RE, 106/ft V, ft/sec T, OR
5.96 40.4 850 0.66 0.027 0.76 2992 105

A test summary showing all configurations tested is presented in
Table 3.

3.2 TEST PROCEDURES
3.2.1 General

In the continuous flow Wind Tunnel B, the model is mounted on a
sting support mechanism in an installation tank directly underneath
the tunnel test section. The tank 1s separated from the tunnel by a
pair of fairing doors and a safety door. When closed, the fairing
doors, except for a slot for the pitch sector, cover the opening to the
tank, and the safety door seals the tunnel from the tank area. After
the model is prepared for a data run, the personnel access door to the
Installation tank is closed, the tank 15 vented to the tunnel flow, the
safety and fairing doors are opened, the model 1s injected into the
afrstream, and the fairing doors are closed. After the data are
obtained, the sequence is reversed; the model is retracted into the
tank, and the the tank is vented to atmosphere to allow access to the
model in preparation for the next run. The sequence is repeated for
each configuration change.

3.2.2 Data Acquisition

Model attitude positioning and data recoerding were accomplished
with the point-pause and continuous sweep modes of operation, using the
VKF Model Attitude Control System (MACS). Model! pitch and roll
requirements were entered into the controlling computer prior to the
test. Model positioning and data recording operations were performed
automatically during the test by selecting the list of desired model
attitudes and initiating the system,



Point-pause data were obtained for selected values of ALPHA and
BETA after a 1.0 sec delay for stabilization. Continuous sweep data
were obtained with a pitch rate of 1.0 deg/sec. A data sample was
recorded every 0.0208 sec and 16 samples were applied to a s5liding
Kaiser-Bessel digital filter to produce a point every 0.3 deg in pitch.
The data were then interpolated to obtain data at the requested model
attitudes. :

Generally, after a model jet configuration was set, the model was
injected into the tunnel flow, and a run at zerc mass flow rate was
made. This zero-flow-rate run served to demonstrate repeatable
operatfon of the force balance and was later used for computing the
difference between jet-on and Jet-off (i.e. interference) force data.
After the zero-flow-rate run was completed, the model remained in the
tunnel test section, a mass flow rate was set, and data were obtained.
This process was repeated for all desired flow rates for the specific
configuration.

Prior to the force testing phase, a calibration was made to
correTate PCIA and PCZ2A (the model air supply chamber pressures) with
PTS (the pitot pressure in the sting air supply l1ine) for several RCS
jet configurations. These data were extrapoclated to obtain
correlations for the remaining jet configurations. The PClA and PC2A
pressure tubes were then disconnected from the model to eliminate
interference with the force balance.

After the calibration of PClA and PC2A, a thrust calibration was
performed. This was accomplished by reducing the pressure in the model
installation tank to approximately 0.5 psia and obtaining force data at
several mass flow rates. The reduced tank pressure was required
to ensure that the flow from each RCS jet was fully expanded. To
eliminate jet impingement, a sting-mounted shield was placed at the aft
end of the model, and the model wing and body flap were removed. This
calibration resulted in a correlation of the thrust for each of the
five balance components with PTS. A thrust calibration was performed
for each of the RCS configurations.

3.3 DATA REDUCTIOHM
3.3.1 Forces and Moments

Static force data obtained utilizing the tunnel data acquisition
system described In Section 3.2 were reduced to coefficient form using
the digitally filtered data points and corrected for First- and
second-order balance fnteraction effects and for the RCS air supply
pressure in the balance. The aerodynamic coefficients were corrected
for model tare weight and balance-sting deflections. Model attitude
and tunnel stilling chamber pressure were also calculated from
digitally filtered values.



Model aerodynamic force and moment coefficients are presented in
the body axis system, The reference area was the model planform of
60.525 1in.2. Moment coefficients are referenced to a point
corresponding to the orbiter center of gravity at 65 percent of the
body length (Fig. 2). The mean cord, 5.935 in., was used to normalize
pitching moment, and the span, 11.709 in., was used in normalizing
yawing and rol1ling moment.

The body axes coefficients were corrected for thrust effects using
the fallowing equations:

CNR = CN - KTI*PTS/{Q*S)
CLMR = CLM - KTZ*PTS/(Q*S*L1)
CYR = CY - KT3*PTS/(G*S)
CLNR = CLN - KT4*PTS/{Q*S*L2)
CLLR = CLL - KTS*PTS/{Q*S*L3)

where KT1-5 were determined during the thrust calibration described in
Section 3.2,2 and are 1isted in Table ld.

The 1interference effects coefficients were calculated using the
equations: .

DCNR = CNRjet-on run - CNRjet-off run

DCLMR = CLMRjet-on run - CLMRjet-off run

DCYR = CYRjet-on run - CYRjet-off run

DCLNR = CLNRjet-on run - CLNRjet-off run

DCLLR = CLLRjet-on run - CLLRjet-off run
3.3.2 Pressures

The sting pressures, PTS and PS1, were measured parameters. For

the calibration, the model chamber pressures, PCIA and PC2A, were also
measured. For the remainder of the test, the model chamber pressures
were calculated using the calibration constants, i.e.:

PC1 = K1 * PTS

PC2 = K2 * PTS

where K1 and K2 are given for each configuration in Table lc.

10



For the calculation of TC (described below in Section 3.3.3), a
"flow meter pressure,” PS2, was used. For runs using the hot film flow
meter, PS2 was set equal to PFILM, and set equal to PTV1 for runs using
the venturi flow meter. Standard data reduction methods were used to
calculate PFILM, OPV1, and PTVI.

3.3.3 Temperature

TFILM and TTV1 were measured parameters. For the WG calculation
of Section 3.3.4, a model chamber temperature was calculated. This was
accomplished by applying the Joule-Thompson throttling correction to
the flow meter temperature which gives the eguatfion

TC = TFM - 0.0279*(PS2 - PTS)

where TFM was set equal to TFILM for runs using the hot film flow
meter, and set equal to TTV1 for runs using the venturi flow meter.

3.3.4 Flow Rates
The data reduction equations used for the hot film are
MDOTP = CEL*{EFILM2 - EZERO2)CE2
MDOT = [{TFILM/530)1.5%728.6/(TFILM + 198.6) }*MDOTP
where the term in brackats is a viscosity correctfon.
The equations used for the venturi flow rate data reduction are
P2PA
PRIM

1.0 - DPV1/PTV1
((P2PA1.4286/0.28571)*(1.0 - P2PAQ.28571)/(1.0 -
0.000397*P2pAl.4286))0.5

MDOTP = 1.09822*PHIM*PTV1*A/TTV10.5

MU = 2.89*10-9*TTy10.7778
RED = 0.474B83*MDOTP/MU/DNV
€D = 1.0 - 2.03/REDOC.44
MDOT = CD*MDOTP

11



A secondary flow rate calculation was made using discharge
coefficients provided by Rockwell, which resulted in the equation

WG = (KMI*PCl + KM2*P(C2)/TCO.5

The values of KMI and KM2 used for each RCS configuration are
given in Table 1c.

3.3.5 Thrusts and Momentum Ratios

Four groups of Jets were designated for the RCS system: FLS,
forward left side; FRS, forward right side; ALS, aft left side; and
ARS, aft right side. For each group, theoretical and “actual" thrusts
and momentum ratios were calculated. The theoretical thrusts were
ca1cu}ated using the nominal RCS jet geometry which resulted in the
equation '

TxxxT = Nxxx*(0.0019554*PCx - 0.0147*P)

where xxx designates the Jjet group and PCx was PCl for the forward
groups and PC2 for the aft groups.

The *actual” thrusts were computed using discharge coefficients
provided by Rockwell. The resulting equation was

TxxxA = KTHxxx*PCx - xxx*P*AE

with the same conventions previously used for PCx and xxx. The KTHxxx
values used for each configuration are given in Table lc.

In the same manner as for the theoretical thrusts, the theoretical
momentum ratios were determined using the nominal jet geometry. This
rasulted in the equation

MRxxxT = 0.0022345*Nxxx*PCx/Q

The "actual' momentum ratio for each group was then determined using
the equation

MRxxxA = TxxxA*MRxxxT/Nxxx/TxxxT

An overall momentum ratio was calculated using only the thrust
groups on the left side of the model, resulting in the equation

MR = (NFLS*MRFLSA + NALS*MRALSA)/(NFLS + NALS)

12



3.4 MEASUREMENT UNCERTAINTIES

In general, {instrumentation calibrations and data uncertainty
measurements were made using methods recognized by the National Bureau
of Standards (NBS), (Ref. 2). Measurement uncertainty {(U) 1is a
combination of bias and precision errors defined as:

U=+ (B + tgsS)

where B 1s bias 1imit, § is the sample standard deviation, and to9s is
the 95th percentite point for the two-tailed Student's "tV
distribution, which equals approximately 2 for degrees of freedom
greater than 30.

Estimates of the measured data uncertainties for this test are
given in Tables 2a and b. In general, measurement uncertainties are
determined from in-place calibrations through the data recording system
and data reduction program.

The propagation of the estimated bias and precision errors of the
measured data through the data reduction was determined for free-stream
parameters in accordance with Ref. 2, and is summarized in Table 2b,

4.0 DATA PACKAGE PRESENTATION

Force and moment data, mass flow data, and test conditions were
reduced to tabular and graphical form for presentation as a Data
Package. Examples of the basic data tabulations and plots are shown in
the Sample Data. Al1 photographic data, including model installation
and shadowgraph photographs, were sent to the sponsor and user under
separata cover.

13
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STA. 68,673

(D 4.06-2-32-012
@ 4.06-2-11-065
(3 4.06-2-31-038
@ 4.10-2-32-001
® 4.06-2-32-007
® 4.06-2-32-010
@ 4.06-2-02-007
4,06-2-11-052

540 EYbow
Step-Down

Base Pr. Pkg

37¢ Elbow
340 Elbow
150 Elbow
Step-Down

L=0.75
L =5.50

L=5.10

Socket Adapter L = 5.84

320 }

N

AFT. C.R,

$TA F&iﬂ

TUNNEL WALL

ROLL HUB

¢. High ALPHA

Figure 3.

Concluded



Left-side Jets

al
Figure 4.

Locatfon of RCS Jets

20



OMS PQD

b. Right-side Jets
Figure 4. Concluded

21



Table1. RCS Conﬁguratlons
a. Firing Jets

£

FLS FRS ALS ARS
CONHGSDSDSDSDSUDSDSUDUDDUD
113|116 1231126)133136| 143|146 223 (225|226 |233|236|243|245]246]325|326|336(345 346

ﬁ“

2 X

3 X X

4 X

5 X X

6 X X X

7 X

8 X X X X

9 X XlX X

10 X X X X X X X X | X

1 X X X X

12 X X ) 4 X X

13

14 ' X X

15 X X

- JetFining

$ - SideFiring
3 - Down Firing

Up Firing




Table 1. (Continued)

b. RCS Parameters

N Y™ N M v~ o e

m O M O

- &N = N M~ D™

M O M O

NP D= N O

N O ——tp—

N ™M < N WO ~Ooh

10
11
12
13
14
15

23
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Table 1. {Continued)

€. RCS Parameters (Continued)

KM KM2

Config. | K1 K2 %;.?;%",}{%‘EE %ﬂ-%’; (1031bfIpsia) (Wg;ﬁ:rﬁia) uu%'é?;:;iaa) nﬂﬂ?}.ﬁaa,
1 | 0 logess| o | 11732 0 0 3.4535 0

2 1.0000 0.5866 1.7298

3 0.9997 1.1960 3.4957

4 1.0000 0.5972 1.7418

5 0.9995 1.1887 3.519

6 0.9977 1.7861 5.2800

7 Y | 1.0000 Y 0.6052 Y Y 1.7912

8 | 0998 0 2.4645 0 3.5754 3.6932 0 Y

9 0 |[09973 0 2.3852 0 0 3.4957 3.5099

t0 | 0.99a3 Y 23779 3.5603 3.4994 3.5169 5.2480 5.2033

1 {09970 0 1 0 b | f 0 0

12 I EEED 0 3.5603 0 0 5.2480 5.2033

13 Y 0 Y 0 Y 0 0

14 | 09973 1.2584 4 Y 3.6932

15 Y Y 1.2061 3.5754 0 Y Y




T4

Table 1. (Concluded)

d. RCS Parameters {Conduded)

_ KT1 KT2 . KT3 KY4 KTS
Config. {10-3Ibf/psia) | (10-3in-lbf/psia) | (10-3Ibf/psia) | ( 10-3in-lbf/psia) | {10-3in-Ibf/psia)
1 -2.669 18.63 0.0 0.0 -5.428
2 -1.428 9.571 Y 1 -2.826
3 3.080 -17.28 0.8514 -4323 5.028
4 1.400 -7.923 0.3777 -1.909 2.331
5 0.0 0.0 3.392 -19.48 3.888
6 5.313 -25.96 5.898
7 Y Y 1.753 -9.724 1.959
8 0.1567 1.157 -1.310 -10.39 -0.1927
9 -0.1786 1.863 1.143 -4.317 10.83
10 14.44 -13.63 0.0 0.0 0.0
1 4 40.83
12 9.907 -55.98
13 0.0 0.0 1 Y
14+ _ — . _ —
15 0.6287 -1.099 3.717 25.24 0.1699

*Not Calibrated
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. N
TABLE 2. ESTIMATED UNCERTAINTIES
3, Measured Parameters
Steady-Stare Estimaiad Messremant®
Paramates l'ndn;’n tdex a‘i;]‘ m‘";:s" Type of Type of Mathod of
Dasignation Range Measuring Device Recording Device | - System Calibration
Parcpat of Usnof Degreaol | Parcand of Unaaf Percent ot WVt d
M L Rerach [ Raading Mnaiosem ang
PT, piia [} >3 a 03 <900 | Pezoelectric ﬁa Iarty ﬂﬁl.nl data asgquistion | n-place application of
pu Provure Tumdu:?t system malng-quln-diw'm mulrﬂnln P:Issuu levels
A converter maeasured with »
device ulihut«l'm the
Standasds Lab
PTS.PS1, PCIA, PC2A, . on >30 1.5 1.9 <2000 2“" variable - -
PFILM, PTV1, pua uapw. Lance predure
OPV), prid 0 006 >30 0.20 0.22 <50 | = * “
1T, TTvL, "R ) >30 2 4 #M2ta | Chomel-Alumal Digital thermometer Thermocouple
990 thermocouple microprocessor warification of NBS
conformitpvollage
substilution calibration
MDOT, ibmAac 0 0005 Ibmfsac or >3 0 0.001 lbnisec or 5% 000004 §T5Itharmal flow meter | TSI canstant Lemp- Fag calibration
{Hothim) 2 5% of reading, of reading, whichever | 100.05 erature anemometsr . o to KBS
which aver is less less
AL, d 0.025 >10 0 005 t15 | Potentlameter Digital data ition | Huidenhain rotary
[+ * system analmigiul
converer Resolution: O 0006 deg
Overall accuracy:
0001 deg
PRI, deg 0.15 >30 [ 030 *180 " " *
Narmal Force, bl o8 04 2 +400 ] MASA $SD5 sirain gage * mmnmunn
balarce ts
Atthung Moment, in-ihi 0.7 0.6 2 1400 " " *
Side Force, lhf (X [X 03 £60 - * -
Yaunng Moment, in-ibf 0.1 [1] 03 40 " “ ®
Rolling Moment, in-lbf 015 []] 04 140 * * -

“Refarence: Abarnethy, R B. et af and Thompson, )} W "Hardbook Uncertainty in Gas Turbing Measuremants * AEDC-TR-73-5, Fabruary 1973.
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TABLE 2. CONCLUDED

b. Calculated Parameters

Steady-State Estimated Measuremnent®

Precigion Index Bias Uncertainty ;
Parameter Nominal
Designation ' (5) {8 (8 + tos5) Value
Percent of Unit of Percent of Unit of Percent of Unit of
Reading Measurement Reading Measurement Reading Measurement
CN 0.021 0.011 0.053 18
M 0.0032 0.0026 0.0090 -0.23
cY 0.0025 - 0.0025 0.0075 0.19
CLN 0.00031 0.00025 0.00087 -0.05
CLL 0.00046 0.00022 0.00114 0.02
ALPHA, deg 0.025 0.05 a1 45
BETA, deg 0.03 0.06 0.12 6
MDOT, Ibm#sec 0.2 1.2 1.6 0.2
{venturi)
M 0.08 0+ 0.16 5.96
RE, ft 0.37 0.43 1.2 0.766 x 108
Q, psia 0.42 0.24 1.1 0.661
P, psia a.56 0.26 14 0.0266
T.°R 0.19 0.24 462 103.8
V, fusec 0.06 0.12 0.24 2976
———————————————— e T e

*Reference: Abernethy, R.B. et al and Thompson, 4. W. "Handbook Uncerlainty in Gas Turbine Measurements.*
AEDC-TR-73-5, February 1973,




Table 3. Test Run Summary
a. Calibration Runs

CHAMBER PRESSURE THRUST
CONFIGURATION CALIBRATIONS CALIBRATIONS

1 8006, 8007 8043, 8044
2 8008, 8009 8045, 3046
3 8010, 8011 8047, 8048
4 - 8049, 8050
5 - 8051, 8052
6 8012 8053

7 - 8054

8 8013 8055

9 8014 8056

10 8015, 8016 8057, 3058
11 - 8065, 8066
12 8018, 8019 8132,8133
13 - -

14 8017 -

15 - 8071

28
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Table 3. {Continued)
b. ALPHA = -11to 17 deg, BETA = 0 deg

NOMINAL MR
CONFIG
0 0.001 | 0002 | 0003 | 0.004 001 | 0015 | 002 | 003 | 004 | 005 | 0.06
1 1,2 s ]l 151 s -1
2 8 9
10, 116%, 12, 117%,
3 118+ 1" 119+ 13 14
q 1S
5 16,34,81, 25,93, .
114*,120+ 19,84 22,87 90 115%, 121" 28,96 99 31, 102 105 37,108 in
6 a0 Y 42 43 44
7 45 46 a7 48
8 11| 52 57 58 60
g 49 50
10 68 69 70 n
1 72 73 74,75 76
12 77 78 79 80
13 7
14
15 61 62 85 &6 67

* ELEVON = -20 deg

+ ELEVON = +20deg




Table 3. (Continued)
£. ALPHA = -11t0 17deg, BETA= t6deg

BETA = -6 DEG
CONFIG NOMINAL MR
0 0.001 | 0.002 § 0.003 0.004 0.01 0015 0.02 0.03 0.04 0.05 0.06
5 17, 35,82 20,85 23,88 91 26,94 29,97 100 32,103 106 38,109 12 ]
8 59,4+ 53,55
15 63
8
BETA = +6DEG
CONFIG NOMINAL MR
0 0.001 | 0.002 | 0.003 0004 '] 0 0.015 0.02 0.03 0.04 0.05 0.06
5 18,36,83 21,86 24,89 92 27,95 30,98 'm_m)-a-m_
8 54,56
15 : 64

**BETA Sweep, +6 to -6 deg



Table 3. (Continued)

d. ALPHA = 18t0 46deg. BETA = Odeg

NOMINAL MR
CONFIG
0 0.001 § 0.002 | 0.003 0.004 0.01 0.015 0.02 0.03 0.04 0.05 0.06

1 142 143 144 145 146, 147

2 164

205, 210", 207, 211%,

3 216+ 206 217+ 208 209

4 165

5 172, 212¢, 184, 213*, 187

214+ 175 178 181 215+ 190 193 196 199 202

6 123, 148 124, 149 125, 150 126, 151 127,152

7 166 167 168 169

208

9 170 7
15 153, 154 155 158, 159 160, 161 162, 163

* ELEVON = -20 de

+ ELEVON= +20

€g




Table 3. (Cancluded)
e. ALPHA = 18to46deg. BETA= 1 6deg

174

177

183

186

189

192

201

204

BETA = -6 de
CONFIG NOMINALM .
0 0.001 | 0.002 | 0.003 0.004 0.01 0.015 0.02 0.03 0.04 0.05 0.06
5 173 176 179 182 185 188 191 194 197 200 203
8
15 156
'NOMINAL MR
CONFIG
0 0.001 0.002 | 0.003 0.004 0.01 0.015 0.02 0.03 0.04 0.05 0.06

e . e e A e . e S e o ——————— ——— |

15

157
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CELSPIN CARIORATLIN

ASOC DIVISIZNM

VON KAAMAN SA5 TYNANMICS FACIELITY
LINJLD AF2 FOACE STAVIONM, VTINNESSER

MAsL 02352

PAc: 7

uN
139

ZLIVIN
[

ALPHA
14.02
20.00
22.00
24.00
2600
28.00
0.0
12.00
34.00
34.00
34.00
40.00
42.00
44 .00
44.00
4%5.08

DD = O A e B I

- B e g
PRV AW D

p
u.ez'

L

13

A REF LENGTHSCCLN,CLN,CLL)
1069 D.T55E¢06 63.52% 52935

+—=~BGOY AKLS COEFFICIENTS~-~

===THRUST INCLUDID---

" T I Q

5.96 40033  363.7  0.662

CaRFIG

H
BETA iy cm
0.03 D.3809 -8.0122
a.01% 0.4543 -G-.0128
0.01 0.529T -0.0127
Q.02 084075 =0.0142
0.02 0.4181 =0. 01846
0.02 0.7718% ~0.01%2
0.03 _ 0.8578 —0.0231
0.03 D.9453 -0.02713
0.03 1. 0340 -0.0120
0.03 1.1239  -0.0031
Q.08 12158 ~0s 046é
D08 1.307% =0.0317
0.04 1.5063 ~0.039]
0.3% 1.+359 -0.0871
0.0% 1.590% ~B.07532

0.95 1.5aTs -0,0753

[4 ]
0-0931
0« 0935
0.0941
U 05448
0. 0951
Qa O540
0.0%36
0.0933
00929
02913
0.0324
B.0924
0.353%
0.9533
ba 0% 3%
G.0933

cLm
~0.04%10
=0.0410
=804 14
~0.0419
-8.0421
-d.041%
~0.0414
~G.0415
~0.0415
=8.0412
=3.0414
=J.04168
~.0420
-0.0420
-0.0421
-0.0821

CLL
0.0046
0.0043
0.0043
0.0047
0.0043
0.0044
0.0042
0-0041
2.0039
0.0036
Q.0031
0.0041
0.0043
0.0043
00045
0.0045

CHR

0.3809
0.4543
G.5297F
0.6075
0.56001
2. T7LS
0.8578
0.9455
1.8340
1.1239
1.2166
1.30746
1.4049
1.4939
1.5904
1.5874

11.709

11,709

OATE CONPUTEDR 4-~-FE3-a7
TIME CONPUTED 05243135
QATE RECORDED &-FEB-Q7
TINE RECORDED Si421L6

===THRUST REMOVED---

CLNR
-0.0022
-0.0428
~0.0127
-0.0142
-0.01566
=0.0192
-0-0231
~0.0273
=-0.0320
-0.0381
=0, 0644
=0.0517
=0.0593
-0-06&71
=0.9759
=0.0753

Sample 1. Tabulated Force and Moment Data

c e
D.0089
0.0093
0.0099
0. 0104
8.0107
0.0104
0.0092
0.0089
0-0087
0.0082
0.0088
9.0090
0.0096
0.0098
0.0101
9.0096

CLN®
0-0003
0.0003

-0.0001
=0. 0005
-0.0007
-0.00035
-0.0002
=0.0001
=0.0002
=0.0002
=0.0004&
=0.0008
-0.0009
-0.0009
~0.0010
-0.0010

PROJELT MUNSER ¥ wo-27

ciLg
~0.0034
=0.0039
~D.0017
=0.0036
=0.0037
-0.0030
-0.0041
-0.0042
~0.0044
=0.0045
=D G054
=0,0041
~0.0039
=-0.0033
-0.0034&
=0.0036



CALSPaN CORFIRATIIN

AEGLE DIVISION .

VON KARNAN GAS OYNAMICS SaCELITY
ARHOLD AIR FORCE STATIDN, TEHN:ESSEF
NA5SA DAZSY? .

PRGE =
[{ ] L] PT 144
19 $.96 40,22 849,7 Q.642

ELEVON CONFIG
0 ]

[ 4 ] ALPL PHIL MRFLST NRFRST
1 =13.95 f.00 0.0000 8.0000
i =11.98 0.00 0.0a00 8-00400
3 =9.98 0. 00 0.0000 $.0000
4 =~1.98 0.00 g.0000 0.0000
3 -3.99 0.00 6-0000 2.0000
6 -3.9 0.04 b.0008 G.0300
T =-1.%9 Q.00 0.0003 2.0000
] 0.00 0.00 0.0000 0.0000
9 2.4 o.0a 2.04000 @.o0006

10 3.99 G.00 00000 0.0000

11 5.99 0.00 0.0000 6.0000

1z 7299 0.00 a.09010 0. 0000

13 .99 0.09 2.0000 0.0000

15 11.98 0.00 0.9d300 d.00040

15 13.38 %.00 0.0000 a. 0008

16 14,45 =0.01 0.3000 a.0000

P T
8.027 104.9

=—=MNANENTUN RATIOS~==

mRkALST NRARST HMAFLSA
[ 1 171 8.0000 v-0000
0. 0455 8.0000 0.0008
0.0456 #.0000 0.0000
0. 0457 ¢.0000 B, 0000
0.0467 8.0000 0.0000
$.0457T 0.0000 8-.0000
Q0457 ¢.0000 0.0000
0.0457 o000 9.0000
G-0640 0.0000 4.0000
[ 113 2.00D0 g.0000
d.0452 0.0000 0. 0000
0.0462 0.0000 d4.0000
d.044% 0.000p0 0.9000
d.0451 0.0000 0.0000
d.0484 9.0000 2.0000
Q0446 2.0003 d4.0000
Sample 1. Continued

REF LENGTHSCCLMACLNaCLLY
D.ISSE+DS $0.925 5.935

HAFRSA
2.0000
d.0000
%0000
2.0000
0.a000
0.00400
d. 0008
0+ 0000
0.0000
0.00080
9.0000
8.00Q0
0.0000
0.0000
0.0000
0.0000

11709

HRALSA
00419
0.0419
0-041%
0.0420
0.0420
0.0420
D.0420
0. 0420
0.0419
0.0416
0.0415
0.0415
0.0417
0.0417
0.0417
0.0417

11.709

HRARSA
0.0000
0.0000
0.0000
0.0000
0. 0000
D.DOdO
0.00400
00000
0.4000
0« 0000
D.0400
0.0000
D. 048400
0.0000
D. 0800
D. 0400

DATE COMPUTED
TINE CORPUITED
0ATE RECORDED
TIME RECORODED

&=-FE3-37
05543335
&~FES~87

54218

PROJECY WUMBGR v 8-~27

M fC1
D.041% 0.0000
2.0419 0.0003
0.0419 0.0000
0.04120 ¢.0p000
0.0420 0.0000
B.0420 0.0000
0.0424 0. 0000
O«0420 0.08400
0.0419%9 0. 00400
D.0416 0.0000
0.04185 20,0400
0.0416 8.0040
8.0417 0.0040
0.0417 0.0008
020417 9.000¢
0,0417 0.404000

PC2
994.5831
9%4.3060
94,4968
94.4420
94,4832
9944151
94,4045
994.3801
$94.3106
9%94.3037
9944 2072
994.2793
994.119)
994.2158
9942511
994.1792



T 8 O A4 ® ~

CALSPAN CAIIDRATIIN
AZGC S1visl

Yo KE2vAN
AFNILD AIR
NASA OA252
ol T |

L11%
135

SLEvaN
[-]

———CONDTTIOMS--~

4] ALPI
b -12.93
2 ~11.%3
2 =9.99
4 =T.9%4
3 =3.19
& =3.99
T ~1.9%
8 §.00
9 2.00

10 .99

11 5.9%

12 799

13 4.94

14 11.98

15 13,93

14 14.05

HODEL FLOMPIELD PHOTOGRAPHS TAKEN AT ALPRA =

b1l

PAS THAMECS FaCILITYF

FORC: STATIDN, TENNESSES

L]
S.95

CORFELS

5

PHIL
Q.00
d.00
0.090
0.08
u-oo
0.00
0.00
g.00
.00
9.00
2.00
0.00
0.00
0.0
4. 00
=3.01

PT
40.31

PT
&0, 33
%0.33
40,313
40.23
&0.23
40.23
40.23
40.24
40.33
0. 564
40.54
&40. 64
40.54
&0.55
40.54
£0.54

7

637

T
B49.7
g69.7
" .7
24,7
.11 % |
149.7
49,7
169.7
[ 1% %)
49,7
849.7
849.7
2&%.T
49T
BAS.T
BAS.T

+
[ FY1 ¥

[}
0.4862
0.562
0.662
0.561
2.651
0.4A61
8.4661
D.661
d.662
0.647
0.667
0= 664T
f.bts
d. 6866
Q. 668
0.864

P RE A
02027 104.9 D.V55C+06 60,323
===RASS FLOW-—--
P NDOT WG T
0.027  0.053 0.052 521.626
0.027 0.052 0.052 521.423
0.027  0.052 0.052 521.628
0.021 3.0%2 0.0%2 521.62%
0.027 0.052 A.051 52).627
0.027  0.051 0.0852 S28.44%
2027 0.051 0.0%2 522.031
0.027 0-051 0.032 522.831
0.027 0.0%52 0.052 3512.631
0.027 0.051 0.032 522,630
0.027 0.051 9,032 522.629
0. 027 0.051 0.052 512-612
9.087  0.052 0.052 S522.430
0.027F G.051 DP.052 522.611
0.027 0.051 0,852 522.630
0.027 0.9052 0.051 52).634
15,02y ZIZ.05y 2607, 29.%4¢,
Sample 1. Continued

REF LEMGTHSCCLM,CLN,CLL)

DATE COAPUTED &~FEa-67
TIME CORPUTED 05843535
DATE RECOADFD 4-FEB-3Y
TINE RECOROED  S142:Id
PROJELT WUMBER ¥V B-27

T % 6 % B

¢



CALSPAN CORPORATION

AZHC DIVISIIN

YO¥ KARMiIN GAS DYMANICS FACILITY
ARNGLE AIR FJIRCE STAVION, TENMESSER

HASA D332
PAGT &
RUN L] PY T ("] 4 T RE ] REP LENGTHSCCLM,CLN,CLL)
199 5.96 &0. 33 849, T 0.662 0.027 104.9 Q.I55E+06 60.525 5938 11709 11.T09
ELEVON CONFIGC
L] -
==«=~FHEQRETICAL THRYST--- ., ===ACTUML THRUST---

N aLP] PHII TFLST TFasT TALSS TARST TFLSA TFRSA TaLSa TARSA
1 ~13.95 0.90 8.0 2.40000 l.844d 2.0000 0.0000 ¢.0000 34992 G. 0000
2 =11.98 8.02 0.0002 a.0000 3. 8335 0.8089 0.0000 ¢.0000 3. 4987 0.4000
1} -%.94a 0.80 0.9000 a.0000 3.8335 0.0000 $.0000 2.0000 3.4989 A= gaaa
& =7.93 0.04 0.0000 %.0000 1.8883 0.0000 #-00040 0-0000 3.4947 0.04000
5§ -3.99 0.006 0.0400 0.0009 Je 8854 0.5000 g.0000 0.0000 1.4907 0. 68000
5 -3.9% 0. 00 0.0000 0.0900 3.n882 0.0400 0.0000 00000 3. 8984 0.0000
T =1.73 0.09 0.0000 0.0000 3.8081 0.0000 0.0000 1.0000 3. 4985 0.0009
1 a.00 0. 09 a.o0000 0-0064 1. 4604 0.0440 2.0000 0.0000 3-4994 0.0008
? 2.00 d4.a0 0.0000 0.0000 1.8878 0.0000 9.0000 d.0000 3.4982 0. 0000

10 1.99 8.00 0.0000 0.0000 3.8877 94,0000 9.0000 0.0000 J.5982 0. 0000

11 .99 2.90 0.0000 0.0000 J.B874 0.0000 0.0008 0-.0000 3.4978 0. 0000

12 T-99 0.00 0.0000 0.04000 JaBbT8 0.0000 d.0000 0.0000 3.4921 0.04000

13 9.93 2-00 0. 0000 0.0000 J.sB72 g.0000 2.0000 0. 04000 1. 4977 0.08000

14 11.98 0.00 8.0400 0.0000 3.8475 n.0000 Q-0000 0.0000 3. 4979 0.0000

15 13.98 .00 0.0000 0.0000 . 8475 4.0000 0.0000 0.000¢ 3.4980 0.0000

16 14.05 -0a01 o.0an0 0. 0000 2.8872 0.4000 0.0000 0-0000 3. 4977 0.0000

Sample 1. Concluded

OATE COMPUTED 4-FER-37
TIRE CORPUTED 03543336
DATE RECORDED &-FEB-RY
TINE RECOROED 3:42:16
PROJECT NUMBER V A8-27

et BT T W e

PTS Pl
95,0027 994,129
995.0035 99%4.0239
M4.9941 S95.9701
994.93%4 995.7964
994.92607 995,7992
994.9036 995.7064
994.9039 995.7094
9948775 ¥5.7259
994.8080 993.62%4
9946. 5011 995.4215
995.70646 995.5511
994 TTET 995. 4451
996.6766 995.668%
994.7332 995.5097
9947491  999.5929
994.56T765 995.4814

L v & ¥

¢ L 4 L @

¢t

t

¢ L ¢
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HAGE TA252

THC2  VINTAL JIFFEReNCIS 2 TUTIN RUN NUMIASR

LLPHA
-10.5083
-10.46030

-5.3040
-5.0000
~4.6020
-2.0000
0.0000
2.0000
4.0000
6.0000
8.0000
10.0000
12.0000
14,0000
16,0000

17.120%

Sample 2.

agcua
-3.0928
~0.0035
-9.0047
~0.0062
-0.0042
-0.0021
-0.0029
-0.0045
~0.004&5
-0.0024
-0.0048
-0.0054
'-0.0065
~0.0065%
~0.006¢

=l.0037

Tabulated

ACLMR
d.0007
0.0011
J-0011
D.0087
-0.0004
-0.0001
-0.0002
-0.0011
~0.0012
-0.0000
~0.0010
-0.0017
-0.0015
-0.0022
-3.0028

~0.0029

Interference Data

3 AND tAST QYN

DCyr

d.0021
0.0015
D.ODIS
Q9014
J.0012
a.0016
0.0014
0.0011
&.003S
0.0040
D.006%
0.0103
0.0120
0.010%
0.009%8

6.0035

NUM3ER

OCLnR
=0.q045
-a-0007
-7.0008
~0.0006
-3« 0006
-0.0007%
-0.0004
~0-0004
-0.0016
~-0.0019
-0.0035
=-0.0054
=0.0062
-D. 0056
~0.0051

-0.0045

.1

GCLLR
D-0001
0= 0000
0.0000
0.0000
0-0000
0.0002
~-0.0000
0.0001
0.0006
0.0007
0-.0018
0.0033
0.0041
0.0035
06.0032
0.0028



8¢

HEAD [NG

SHUTTLE 0OR352

FIL RUN RUN M CONF 16 M
N 142 1.8 142.8 5.859 1 0.68841tE-B4
1.5
m
m
1.2
2.9 g
1
o &1 P
&
n.5 jur}
U]
m
tu L]
a.3
O
P
o 0]
-B-B c 0
o L))
o O
v
]
-B8.3
-19.8 28.p 10.9@ 20.0 0.0 40.0
ALPIiT

NAGR DAR352

Sample 3,

Plotted Force and Moment Data

50.8

RAM FILE
FORCE . TRA
FORCE1 -TRA
THZORY .TRA

PAGE 6

[rl--F- 11

25-FEQ-B7
B11SHLILZ 617



6€

SHUTTL: DA352

FTEoRun U "
CONFIG e
Wolez oz 5.959 i @.8641E-84
) SY'B FIL RUN IR
\ (1875
3 5= ih
.69 . )
8.25
' a.eq
9.62 | -
cLn
0.6a
: o0 0% i o o
Q [l
~J .82 3 0
' [11]
o
G m ()]
-2.24 o
o)
[ |
i
-9.86
2.e0 0
FIL RAM FILE
#  FORCE.TRA
8 FORCES.TRA
00 L . | ‘ .:L-.uzv?.'mn
-10- .B 0.8 7.9 39.0 20. . S
AL 9.8 >3- il or
NASA CA35: DUSHITLZ 617

Sample 3. Contiriued



ot

SHUTTLE DA=ZS52
HEAD iNG

FIL PUIl RuN t CONF IS M
0 i4za . 142.8 5.559 1 B.8641E-64
.
SYMB FIL RUN ]
. %183
E A 14z g8.941
i B 1! -2 .826
8.0
a.e5
a.64
I .
a.82 ‘
cY
NG00 DO00OCSOOOMADTNDLANNE nhEm
-a.e2 .
-3.04
»
-a.65
-@.e8
FIL RAM FILE
A FORCE.TRA
8 FORCE).TRA
030 C  ~HiORY.
~10.0 0.0 8.0 8.6 30.0 29.0 3.0 PnGe @
) ALFHA ; B2:21
) 05-FEB-B7
TASA GASYT PLISHUTLA 617

Sample 3. Cont‘lnuéd



1t

FEADING

I B

o142
2.a7

Uk
142.0

]
5.559

EDNFIG

SHUTTL: OR3S2

MR
B.6941E-01

8

.85

0-B4

9.83

CLN

B.a2

B.81

0% ¢g—oo—e

8.0l

¢

(]

P

@

G

x|

e:]

n:|

1]

rh
&l
x)]

G

-5.e3

-10.a

B.0

14.8 0.0

fALPHY
HA5A 0A352

Sample 3. Continued

36.-0

<8.pb

i
1

SYB FIL RUN MR

(18~
42 8.841
-2.026

RAM FILE
FORCE . TRA
FORCE]L .TRA
THEORY . TRR

PAGE 18
02:21
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s ]

SHUTTLE CR352
HERD ING
FIL RUN RuIt M CORF16
A 142 142.8 5.939 1
8.02a

R .
B.8841E-84

SYMB FIL RUM R

E} n o142 3,841
B 1 3

@.816

B.4a12

CLL

9.£92 (r\g—o—@-@—éra—@—@—@-(}-%w}m—ﬁ] B83-8-

-0.834

-8.8a3

-0.012

-8.016

FIL RAHN FILE

-a.200 | i .
3.0 v.u 8.0 7n.3 30.0 3.0 San
AL MY

Sample 3. Concluded



Ev

SHUTTE 0A352

HERD ING
FIL RUN RUN M CONFIG IR
R 171 171.8 2.2220 -4 8.205eE-g1
..B
SYMB FIL RUK R
(%18°2)
8 A 171 2.858
‘ A 50 2.1ea
1.5 .
1.2
w
Q.9 . "
DCHR
2.6
a.3
L M — : '
OO UTUUOUTOOOD oo OO TUTTOTOWNNTN
FIL RAM FILE
A FOFRAT.TRA
-8.0 _ .
-1 T 9.9 AT 308 T 53.0 ' P-GE 1
fLFi I %2398, o

Sample 4. Plotted Interference Data ‘



144

HEAD

ING

FIL RUH

A

DCYR

RUR
171 171.B a.
B.1g

M

COHFIG

SHUTTLT 0A352

7 B.206QE~21

0.68

B

*

B.04

a.e2

a.ea

B0 mmmoef

]mmmEJ[]EIEIEI

-0.:9

-13.3

[ ] S
a

Sample 4,

Continyed

A
R

SYMB FIL RUN

17L
g0

FIL
f/

IR
X1 2)
2.0658
2.108

RAM FILE
MOMRAT . TRA




14

SHUTTLE 0R3S52

HEADING
FIL RUN RUN M CONFIG IR
U @.6e0a q 9.28506-01
' SY'B FIL RUN IR
x1g2
M o8 2,050
0.8 ® & 5o 218
@.e5
.04
8.a2 )
DCLMR
ullil
P00 000 ®®Pooogmpa®l DopoOongoom
.08
-9.02
-0.04
-8.25
-0.e8
FIL RAM FILE
A FOMRAT.TRA
<.10
4, : - % PAGE 2
0.9 2.0 13.9 43.0 3.2 '-'3§=,==':§,,

2d.
ALPH

Sample 4.

<] ’) ia.9

Continued



ot

HEAD ING SHUTTLE GA352

FIL RUN RUN H CONFIG R
A 171 t7i.0 8.E228 F 0.28566 01
a.a7
SYMB FIL RUN R
. (1872)
g e i
8.2 : '
a'ﬁ
Q.84
.03 -
DELNR
8.02
2.81 —
@ o )]
o i} ° O ]
@.en oo o m o O IIIll'lll'lr'l.-..-.
3 ~EH 00O mMm m
-3.81
-a.02
FIL RAM FILE
| A  MOMRAT.-TRA
R 9 | ] PECZ
1§. - ) EXD T, N ]
0 AP -0 -3 *2-3 CEE I

Sample 4. Continued



iy

HERD ING
FIL RUN

MUH
A 171 1ri.@

B.620

H
B.cAGR

CONF iG
5

SHUTTLE On352

b
a.250ez-01

B8.0816

3

2.012

DCLLR

compmpo OO0

[S LI LI L gy |

1 L L5 11§

-8.812

-8.816

-a.ez2e

-l8.8

0.8

Sample 4.

2.8
ALPHA

HASA DA3SZ

Concluded

9.8

49.0

5@.8

SYM3 FIL RUN

]

x1972)
A 171 2.650
A 58 Z.18

FIL RAM FILE
A MDMRAT.
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