
AD AOb O 900 NAVAL W EAPONS CENTER
I MEASUREMENTS
A R MADDOX. R

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!F~~~~~~~~~~~~~~~
Cj26

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NL

&96c ________

inn•n--_-i _‘li ii U Rn ’
END

U. U
2-79

DDC 

II



1.0 ~~L L
_ _ _  ‘- L.~ I’:—

I_ 011120I I
18

1.25 1.4 1.6
_  —

~~~~~~~~~~~ ~~~,~‘t I I l k ’N  t . ~



I

NWC TP 6026

,~

~: ~ ln-Flight Measurements of Captive Loads
on a Store as Compared With Wind
Tunnel and Mathematica l Simulations

4 1O. A. R. MaddoxQ Aeromechanlcs Division

~ r 
I C..) Systems D.i,lopm.,t Department

~~~~~ L~J and iQ
R. E. Dix and G. R. Mattasits

ARO . Inc.
AEDC Division

A SVERDR(JP Corporat ion Company
Propulsion Wind Tunnel Facility
Arnold Air For ce Station , Tenn.

APRIL 1978

Approy.d to, public r.I.as ., dIstrlbutIo~ uflflmftsd

~!! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L~L 04F 
_ _



__ - 

~~~~~~~~~~
I

Naval ~~~ 1.:. :i Center
AN ACTMTY OF ThE N~~~L MATER~~L COMMAND

FOREWORD
k.

The remarch dswdbsd In thh isport was a joust peo$rma undo’ the direction of the Navy
¶ with Naiil Waspons Cents,, C~ Ina Lake, CaI~., and AmolA En~nssrth ~ D.wlopauust Canter,

TidWwma. TIM.1 U th. main psrtldpsat*. Th Navy po’dcn was handed under AWr.th
WF32.323.202 and performed durIn fiscal yates 1976, 197T and 1977. It Is pert of a conth.el.~diort to avahiate and Improve the methodoingy of aasssth the mealt of 1aimEh~ a store from
an aircraft.

Approved by Under author ity of
H. H. ROGERS, Heed W. L HARRIS
Synan,s D.wiopm.nt Dq~mo,uns RAdan., U.S. Navy
6 AprIl 1978

Pilanid ~r pr*lIcatIon by
L H. HILLYER
T.cMksi Director

NWC T dudcsl PublIcation 6026

P~ liissd by .  . . . . . . . . .‘rechalcsl bs~smation Dspsi~~ant 
. 1 1  .~~~~~~~~~~ . 1  23621MS 11096

CoOstlon . .  . • , . . .  •Co,st, 22 hsms
Pkst pulntM~ I 1 . 1 1. 1 1  I . . . . .  1~~~~ u~~sisd c o a s

-, ~~ — ~ -~~~~~-~~—-~~



~~C~~SS1F~ D
SECURIt Y CLASSI F ICAT ION OF THIS ~~A GI (US,.., 0.1. SnIo ’.d)

REPORT DOCUMENTATION PAGE BEFORE COMPLET ING FORM 
_______

~~~~~~~~ RT N UMSER 
fl ov ,

Accrs3 ~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 TITLE (and SubISU.1 I. 1 Y U  Ir~~~~ P,.RT tat  ~~~~~~~~~ f
ln.Flight Meaaurements of Captive Loads on a Store as Comp~~i) ~\._.ç fifth Wind Tunnel and Mathematical Simulations~ _

__
., ‘.~?2~~

_ 1977,
L a. .g~,eaurpnu,..,.. uMPER

~~. AUt N~~~(.) S. CONTUACT O~ IRAN? NUNSLRI’.)

IC) A. RfMaddox, LL.. L enter, China Lake. CA
~~~ . E.~DiX G. R.Alatt /~ 

7:•3~.~ 3~~JArnold Air Force_Station,_TN 
________________________________

S PER~~ORMINO O RG A N I Z A T I O N  NAM E AND ADDRESS tO. ~~~~~~~~~~~~~~ ROJ1~ T. TAS IC

Naval Weapons Center WF3~~ 2~j92
China Lake, CA 93555 

__________

II . CO NT R O L L I N G O F F IC I NA M E AND A DORESS

Naval Weapons Center / j  ~~78)
China Lake, CA 93555 3.

l~& MONITORING AGENCY NAME b ADDRESS(II dSU.canl ftc. Ccnl,oflffi ~ OtIleo) t i SECURI V CI. ~5. ,, ...J

UNCLASSIFIED
5. DECI.AUIPICATIONIDOWNORAOIHG

SCHEDULE

Is DISTR ISUT ION STAT EMENT (OS Ads R.p.rI)

Appro ved for public reieaae; distr ibution unllmitml.

I?. DISTRISUTION STATEMENT (.1 1k. .S.tr.cI snt...dln Il..k 20. II dUlscsiU ft.. R~~.il)

IS. SUPPLEMENTARY NOTES

IS. ICEY WO RDS (ConUnu . on 1.,.rs• old. U noc.... ~. and d*nldS~ by block n. b.o)

Flight Tests Aircraft
Wind Tunnel Store (Captive)
Aerodynamic Mathematical Model
Loads (Captive) Airborne Balance
F.4

SO. ASSYRAC T (Conldnu. on r.v.r .o .dd. IS noc ..c.y and S*nlSl~ by block iwank.~)

See back of form.

DD ~~~~~~ 1473 EDITION OF I NOV Si IS OSiOLETI UNCLASSIFIED
S/N 0103.014. 550 1 I 

_____SECURITY CLASSIPICATION OP THIS PASt (nan Dst. ~~~~~~



— ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSiFIED
....~~j M I Y Y  CLASSIFICATION OF THIS PA GI (WI ’ iii .0.. . S..l.. .d)

(U) ln FIl i~ht Measurements of captive Loads on a Store as
Compared With Wind TWinel and Mathematical Simulations, by A. P.
Maddox, Naval Weapons Center . and P.. E. Dlx and G. R. Mat t uits ,
Arnold Air Force Station. China Lake, Calif ., Naval Weapons Center ,
April ~~~ 42 pp. (NWC TP 6026, publ ication UNCLASSIFIED.)

(U)~A series of flight tests were made to acquire captive loads
data on a store to compare with corresponding data from several wind
tunnel tests with condit ions matched as closely as possible as weU as
with the best mathemat ical models available. The store consisted of ~.

Mk ~3 bomb shape mounted on a triple’.ejector rack (TER) on an F4
aircraft which was Uts rumented complete with a standard research
boom moun ted on the nose,

(U) ~~~ te flight conditions spanned Mach 0.6 to 0.9 in both
mane~verl~g and stead y fllghjp Corresponding wind tunnel tests were

,‘1I~~e at 5%~at both Arnold Engineering Development Center (AEDC)( and the David Taylor Naval Ship Research and Development Center
as well as tests at 10% at DTNSRDC.

(tJ)~rhe data show good correlation between flight test and wind
tunnel for moderate subsonic Mach numbers when good geometric
similarity is maintained, but there is a pronounced divergence in this
agreement as the Mach number Is increased. Correlation between
mathematical models of this problem and the flight test show the same
magnitude In loads and moments, but the trends do not always agree.
This is most pronounced in the pitch plane.
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INTRODUCTION
A

A persistent , and often heated, technical debate In the area of sto re separation concerns the
validity of wind tunnel data when compared with flight test, not to mention the effectiveness of
mathematical simulations. Investigators from the nriou* disciplines have frequently cited favorite
sets of dat a to establish credibility, but this has done little to settle the issue since comparisons
have been made despite improperly matched configurations and/or flight conditions. The result is
that simulations, both wind tunnel and mathematical, have been used most often in a qualitat ive
sense and not in their most effective role to uncover the most hazardous separation conditions
and to reduce the overall cost of qualifying a separation condition.

This document reports on a research program to obtain a set of measurem ents both in the
wind tunnel and in ifight on an instrumented aircraft with conditions matched as well as possible.
This first phase consisted only of captive loading on a Mk 83 bomb shape on a standard
triple -ejector rack (TER) mounte d on an F4 Phantom. Drop tests with this same configuration
will be conducted in a later phase . The flight test , taken with an instrumented aircraft complete
with a standard research boom mounted on the nose, Is expected to supply a set of data for
direct comparisons wi th wind tunnel and mathematical simulations over a wide range of conditions.
It should also supply a data base against which fut ure improvements can be compared. The
selection of the Mk 83 store for this series was the result of several compromises , but it appears
representative of a wide variety of configurations and thus of general applicability.

These flight tests were conducted at the Naval Air Test Center (NATC), Patuxent River ,
through the joint efforts of the Naval Weapons Center (NWC), China Lake, Air Force Armament
Laboratory (AFATL), Eglin AFB, and the Arnold Engineering Development Center (AEDC),
Tullahoma. The basic wind tunnel data base was the result of numerous wind tunnel tests at 5%
scale at AEDC with some testing at the David Taylor Naval Ship Research and Development
Center (DThSRDC) at both 5 and 10% scale. The existi ng flight-rated store and airborne balance
combination was supplied by NWC and adapted and calibrated by AEDC. A special TER was
supplied by AFATL. It should also be noted that on all flights, a similar balance for a similar
program conducted by the United Kingdom was being flown on the right inboard pylon of the
aircraft.

The data show good correlation between flight test and wind tunnel for moderate subsonic
Mach numbers, but there is a pronounced divergence in this agreement as the Mach number Is
increased. Correlation between mathematical models of this problem and the flight test show the
same magnitude in loads and moments, but trends do not agree .

______________
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DESCRIPTION OF TEST APPARATUS

The flight tests were conducted with an F.4J aircraft , but a number of special precautions
were taken to enhance both the validity of the data for the present comparisons and in the
future as a dat a base for refinement of simulations. Fir st , the aircraft was equipped with a typical
research boom moun ted on the nose and coupled to the aircraft recording system for measur ement
of flight parameters. Second , in order to match the large wind tunnel data base that had
accumul ated up to this time, an Air Force pylon was mounted on the left inboard station. The
centerline and outer pylons were mounted, but not used. An interesting feature , however, was that
on the Navy pylon on the right inboard st ation was mounted a triple-ejector rack and adapter of
the United Kingdom. As a result of joint coop erative efforts , a United Kingdom airborne balance
in a Mk 10 store was fl own simultaneously on the right wing , but the results of this separate
correlation program are to be reported Independently.

An Air Force TER was mounted on the left inboard pylon , and the two shoulder positions
were fitted with dummy Mk 83 bombs. The center position of the TER at the bottom was
occupied by a conventional Mk 83 body modified interna lly to accept a flight-rated balance.
SpecIal precautions were taken to determine the attitud e of the stores with respect to the aircraft
by establishing the aircraft on jacks with the ordnance reference lines level . The store axe s were
then checked. The inst rumented store , as a result of machining and special handling, was quite
true , but the shou lder-mounted stores showed the effects of manufacturi ng tolerances. There was
considerable camber in the axis of the inboard store , but both were leveled to wit hin about 1/2
degree in the mean by means of lug and sway brace adjustment.

The airborne balance was of the Pastuthi n type more completely described in the
publicat ion referenced in Footnote I. This device consisted of large rigid upper and lower plates
interconnected by linkages with ball-joint ends so that force would be transmitted only along one
axis . The upper plate was the Inert or mechanically grounded element , and protruded through
cut -outs In the store shell as necessary to provide surfaces for attaching the suspension lugs and
accepting the contact of the sway braces. The lower plate was the “active ” element to which the
store was attached. Normal and side forces were derived from measurements of pitching and
yawing moments; therefore the balance was cons idered a moment balance. Axial force was sensed
with a separate element , but rolling moment was derived from the outputs of two parallel
elements mounted in the lateral -vertical plane of the store that were also used in sensing pitching
moment. Three accelerometers were mounted on the lower plate to prov ide measurements of store
accelerations In the three body-axis coordinate directions. The Mk 83 store shape was originally a
standard Mk 83, but the center section had been hollowed out and machined internally to accept
the balance. The center section had been further modified to provide isolation gaps around the
Inert elements with which the hooks and sway braces were in contact. All internal wiring was
bundled toget her in an umbilical, fastened to the Inert element , and brought out an extra hole in
the top element. The umbilical was attached to the rack and then connected to the aircraft
system. In addItion to the normally detachable tall cone , the nose cone was also made removable

~ Naval Weapo~ts Center. Me.a~red Af r  Lcmis for a Fre e-Fa il We.pon on an 44 Ai,cref t, by R . E. Smith.
Chins Lake, Calif., NWC. Octobet 1968. (NWC 1? 4804, pub&ation UNCLASSIFIED.)
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(or access to the balance . Since the tall cone was removable, an alternate tall cone was fabricated
at AEDC which dup licated the mod ificat ion necessary to the store shape In order to mount it on
a st ing dur ing wind tunnel test ing. The standard store shape, referred to as afterbody I, and the
modified shape, referred to as afterbody 2, are shown In Figure I. Both were flig ht-tested .

ORIENTATION SHOWN AT 0 DIG ROLl. ANGLE

ORIENTATION FOR TE ST WAS 45 DIG ROLL ANGLE

~4~~Q DIMS

ACTUAL CONFIGURATION
DIMENSIONS IN INCHES

CONFIGURATION MODIFIED FOR STING SUPPORT

FIGURE 1. Mk 83 Test ConfiguratIons.

The F.4J aircraft was equipped w ith special instrumentation subsystems for flight test . A
signal-condition subsy stem served as an interface box for all signal wirIng and provided the means
of conditioning the output signals from the airborne balance. The balance output signals required
bridge balance circuits; low level amplifiers; 6-pole, 6-Hz, low.pass Butterwor th filters; I-pole. 2-liz .
high-pass filters ; voltage substitution calibrat ion circuits; and differential input amplifIers with gain
and offset for the bridge voltage monitor circuits. The accelerometer output signals required
differential amplifiers and 4-pole, 10-Hz. low-pass Butterworth filters. Outpu t signals from the
boom subsystem required no cond itioning for sensing static pressure , total temperature, airspeed,
altitude, and aircraft angle of atta c k and sideslip angle. All data were synchronized through the
time correlation subsystem consisting of a time code generator , a cockp it tune display, a pilot’s
event mark, an aircraft bomb button firing pulse, and a UHF radio link to synchronize the
aircraft lime with NATC t ime. The pulse code modulation subsystem consisted of a vector DAS
507 PCM unit, and a bit rate of 88~)00/src ond was selected allowIng 100 samples/second and
ensuri ng data reconstruction up to 20 Hz . All channels were filtered to remain within this limit .
Output signals from the pulse code modu lation subsystem were recorded by the magnetic tape
subsystem, a 14-track MARS 2000 intermediate band recorder with a maximum frequency response
of 250 Hz at 60 inches of tape/second. A record speed of 30 incheslaecond was selected to
handle the data bandwidth for this test. All aircraft instrumentat ion systems were calibrated by
the Techn ical Support Division of NATC.

5
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Wind tunne l data used in the comparisons consisted of several large blocks of data taken in

different modes wi th limited differences in configuration during the several tunnel entries . The
initial data was taken at AEDC at 5% scale with an F4C model using a dual-sting technique as
well as an internal balance model for the captive loading and is reported in AEDC TR-76-122 .2
The dual-sting technique employs one sting for the aircraft model and a separate sting to hold the
store model. En this manner, the store model is free to be moved indepe ndently of the aircraft
model, and the captive loads are the result of an extrapolation of the data to the captive
position. There is never a hard connection between the two models. As a result of this sting
mounting, the store model is usually modified in the rear by increasing the diameter of the base
in order to accom rnod ate~ the sting. The internal balance model , on the othe r hand , is rigidl y
mounte a to the aircraft model , and the installation is a direct simulation of the airborne balance
flight-test configuration. Additional data for this configuration are reported 2 in which the effect of
the st ing mounting was closely examined. Later this same aircraft /store model combination was
used at DTNSRDC for additional tests using a dual sting to develop an extensi ve force grid. These
data are reported in lim ited form in the publication cited In Footnote 3. Additional data were
also taken at DTNSRDC with a dual sting and a 10% model of an F4B modified to look like an
F.4C. This 10% scale model also had the sway braces simulated.

Afte r the DTNSRDC tests , the 5% scale model was again tested at AEDC with an internal
balance . This constitutes the data referred to as the “ early ” model data used in the comparisons
with the flight test results. After the flight tests had been conclud ed , the fins of the 5% scale
model were reworked , and the TER was refab ricated to include sway braces as well as cut outs on
the rack to more nearl y duplicate the real art icle . Again additional data were takel~ with an
internal balance . These data , referred to as the “fi nal” model data , are documented in the reports
noted in Footnotes 4 and 5. Thus, three sets of data were obtained with two generations of
models throug h this period but , except for the sway braces and cutouts , the differences were
mino r both in the geometry as well as the resulting data.

2 Arnold Engineering Development Center. Compv4ton of 7~~ Methods Used To Meontie Aerodynamic
Louis Acting on Captive Store Models In Wind Thnnel Tests, by R. E. Dlx. Tullahoma, lena., AEDC,
September 1976. (AEDC-TR-76-122 , publication UNCLASSIFIED.)

3 G. F. Cooper. A. K. Maddox , 1. K. Marshall, and E. F. McCabe. “Store Separation, State-of-the-Art
Review,” Tenth Navy Symp osium on Ae,oballhstics, 13—17 J vJy 1973. Frederlckthurg, Va. (Publication
UNCLASSIFIED.)

4 R. E. Dix. “Simulation of Sway Braces and Mount ing Gaps on Small Scale Models for Wind Tunnel
Tests,” in Proceedu,re’s of Fourth JTCG Ab ’criif t/Stores Compatibility Symp osIum, October 1977. (PublicatIon
UNCLASSIFIED.)

~ Arnold Engineering Development Center. inf luences of Sway Braces and Mounting Gaps on the Static
Aeroaynamk Loading of External Stores, by K. E. Dlx. Tullahoma, lean., AEDC, February 1978.
(AEDC-TR-77-l 17, publica tion UNCLASSIFIED.)

6
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CAUBRATION

• The balance calibration was done at AEDC by the instrument Branch of the Propulsion
Wind Tunnel Facility (PWT). Although It had been stored out of use for several years, the balance
was in surprisingly good condition and requIred only a moderate amount of refurbi sh ment to the

• gage, w iring, flexures , et c. Minor changes were made to the electronics, but the largest change was
to eliminate the internal recording system and mate the inst rumentation to the aircraft recording
system.

The balance calibration was accomplished by suspending the balance from the PWr large
balance calibratio~ rig with the upper balance platform attached to the rig by means of
conventional bomb lugs and four sway brace pads. During the calibration procedure , the balance
was installed inside the bomb midsection, which served as a calibration body to which known
loads were applied. Load points on the bomb midsect ion were at known positions so that the
effect of incremental loads on the balance outputs could accurately be determ ined. The balance
calibration followed normal wind tunnel practice and consisted of three load cycles. During each
load cycle, balance outputs for incremental loads were obtained and recorded for both positive
and negative loadings along each of the three primary body’axls (balance-axis) syst em directions.
After an incremental load was appli ed or removed, the balance was leveled in pitch and roll to
ensure that the load was properly applied. All calibrat ion data were recorded using the force and
moment readout system (FAMROS). The FAMROS is a muhichannel, parallel, readout system for

• measuring and digitizing the output of straln gage balances.

Although the eiectrical output of any good balance as a function of applied load is linear
in nat ure, the linearity in one loading sense may differ from the linearity in the opposite loading
sense . Therefore, the bdr near ~r two.sIope method was used ~o reduce the balance calibration data.
Slopes were determined by the method of least squares which was applied to all digitized
calibration data in determining the final balance calibration constants. The constants were defined
in two 6 x 6 balance coefficient matrixes, one matrix for positive strain-gage outputs and the
othe r for negative strain-gage outp uts. The diagonal terms of each matrix are large In relation to
the ~ff-4liagonal terms, which are commonly referred to as interaction term s. They are , for
example , the outp ut of the side-force gage due to a load applied in the normal for ce direct ion.

Although the laborato ry FAMROS and the aircraft recording systems w ere elect rically
equivalent, differences in the length or gage of circuIt wiring can affect the magnitude of these
electrical outputs and hence the calibration. Therefore, a shunt ratio was used to relate in-flight
strain-gage out puts to laboratory straln.gage outputs. The basic assumption Is that the ratio of
fllgjtt.to-laboratovy stra in.gsg e outp ut is equivalent to the ratio of fllght-to4aboratory sh unts (the
shunt ratio). During the laborato ry calibration , the balance power supply was adjusted to II volts ,
direct mrrent , and the balance gages were allowe d time to reach thermal equilibrium. A shunt
box , consisting of calibration resistors and swItches, was assembled for the flight test program.
During the calibratIon , the box was attached so that the shunt resistors could be placed
sequentially across the four elements of each st rain gage. The absolute values from the four
elements of each gage were averaged and recorded, and six shunt values were obtained. The same
procedure was followed before each day’s flights.

7
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Accelerometer calibrations, both static and dynamic , were also accomplished at the AEDC.
Four Statham accelerometers were Insta lled, three inside the Mk 83 bomb shape , and one used as
a backup. The static calibration was made by rolling the accelerometer from 0 to 180 degrees, in
increments of 10 degrees, and the dynamic calibrations wcr e made at 50 cycles/second. The
average sensitivity for the static and dynamic calibrations were approximately equal . These
accei eromete -s we re used in conjunction with the Mk 83 bomb shape mass pro pert ies to determine
the comp onents of force and moment measurements attributable to inertial loading. Mass properties
of the instrumented bomb shape were determined by means of a static tare calibration. The bomb
was completely assembled and suspended from the calibration rig where balance output data were
obtained at roll onen tat ions of 0 ± 90 and 180 degrees with pitch equal to 0 degree. Data wer e
obtained at various pitch attitudes with roll set to 0 degree. These data were reduced using the
balance coefficient matrixes obtained during the balance calibration. The results were three values
of the bomb weight as measured by the balance gages in the three primary balance directions .
The location of the bomb center of gravity was also determined by this procedure. Stat ic tare
calibrations were done for the bomb configured with first the standard, then the modified
afterbody.

Numerous preflig ht and postflight procedures were utilized ‘to ensure the operational
rthabth ty of the Mk 83 instrumentatIon package. A shunt calibrat ion using the same shunt box as
used in the labo rato ry calIbration was performed before and after each day’s flights as a means of
setting and checking the required reading at the gage amplifier outputs. This procedure provided
the means of correlating balance and accelerometer outputs obtained during flight to outputs
obtained during labor atory calibrations. The holes that had been drilled and tapped into the Mk
83 shell along the body-axis pitch and yaw planes to serve as load points during the laborato ry
balance calibration also served to hold a weight pan used for quick field checks of the calib ration .
These holes were plugged during flight.

8
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DATA ACQUISITION AND RESU LTS

Data acquisition, both straight and level and maneuvering, was concentrated around Mach
S 

numbers of 0.6, 0.7, 0.8. and 0.9 at angles of attack of .4 to 6 degrees. The f inal selection of
data to be reduced for comparison with wind tu tut el data at similar Math numbers was made on
the basis of Mach number by scanning the data w ith an IBM 370 Interactive graphics system fo

• data intervals during which the Mach number fell on the desired values within a tolerance of
±0.005. Shown in Figure 2 is a data sample for a nominal MacIs 0.8 condition for a time interval
during which the Mach nun*cr is within the specified Limits, but the angle of attack seems to
have taken on two diffârent values. In suds cases, the t ime interval was broken down into
subintervals of shorter data samples. Other data anomalies, such as random spikes , were also
eliminated during this process .

INITIA L MACl~ NUMBER

SEGMENT I 1 1~~M1NT 2

4 M~~~~O8~~ 

_ _ _ _ _ _  

M
~

O
~OL_~~~~0 798 0 795

INIT IA l . ALPHA VALUE

~~ :~~ 

_ _ _ _ _ _ _

1 1 
SEGMENT I LSEGNENT 2

AERO COEFS

CN 

0,4 
~~~~

0

-04 SEGMENT I t SEGMENT 2

0.8

Cm 0

¶4 :r :‘ 
____I~~,A~1 r~

___I..
~ l

• 730~ 73006
73015 13030

t iSt..-)

FIGURE 2. Test Data Samples,
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The number of data samples (recorded at the rate of 10/second) within a given data
interval or sebinterv al was a direct function of the flight maneuver. During straig ht and level
flight , the Mach number remained within the ±0.005 tolera nce for several seconds, generally 5 to
10 and as long as 25. DurIng the more transient flight maneuvers , the Mach numbe r was WithIn
the tolerance for as little as 0.4 second . Each parameter of interest was then averaged
arithmetIcally over the same time interval. Analysis Indicated that first -order expressions would
satisfactorily describe the data In any time Interval. Data averaged over intervals of less than I
second (less than 10 data samp les) were considered statistically weak. These data were reexamined
after data from all flig hts were tabulated. Data at the same Mach number and aircraft angle of
attack (plus or minus tic uncertainty) were comp ared for steady and nonsteady flight maneuvers.
These comp arisons showed that the magnitudes of the calculated aerodynamic coefficients ob t ained
at aircraft pitch rates of less than 0.6 degree/second were cons istently the same; therefore , on the
basis of repeatability, data obtained at aircraft pitch rates greater than 0.6 degree/second can be
disregarded. However , they are Included here to Illustrate the relatively few unreliable data samples
that were obtained.

The uncertainties associated with the aerodynamic coefficients obtained during the flight
tests were calculated taking into consideration the statistically determined Inaccuracies of the
balance, accelerometers , and aircraft boom measurement systems. The basic aircraft instrumentation
uncerta inties were determined by a root mean-square analysis of the calibration data . Since the
aerody namic coefficient data were derived as a function of those basic measurements , the
uncertainties were calculated using the Taylor ’s series method of error propagation. Table 1 shows ‘

the estimated maximum uncertainties of flight parameters as well as aerodynamIc coeffIcients where
the major contributing ftcto r to these values for the aerodynamic coefficients were the
uncertainties of the accelerometer measurements coupled with the weight of the instrumented test
store . Both elements yield large inerti al load uncertainties.

TABLE 1. Uncertainty Levels.

Flight parameters:
Mach number ±0.005
Angle of attack , deg ±0.30
Angle of sldeslip, deg ±030
Acceleration, g ±0.1
Static pressure, psla ±0.2
Tota l temperature , °C ±4

Aerodynamic coefficients:
CN ±0.20
Cy ±0.10
CA ±0.10
C1 ±0.08

:~~
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Results of the fl ight tests are shown In Figures Ja throuajs 7c, along with the vafl~~ Is wind
tunnel date for comparison. Aerodynamic coeffi cients fur after body I at N • 0.6. left Inboard
pylon (UP), are shown In Figures 3a th rough 3e, On these figures, the final wind tunnel result s ,
corresponding to the best geometric simulat ion of the model made to date , appeal to compare
beat with the flight test fu r the pitch plane coefficients. Axial and yawing moment coeffi cients
appear to correlate better fur the early model, whil, side force and rolling nniis.n t have an
Insignificant change . The changes, however were not large and generally with in or neat the
uncert ainty . Also shown in these figures are the captive loads as obtained from the Nielsen
Engineering & Research, Inc. (NEAR) mathemati cal mode .6 Th. NEAR mathematical mtxl sl has he.i~
com pared ex tens ivel y agaitis t other approaches In the past. In the publication cited In Footnote 3,
It was compared for this configuration against the approach of Fernandes and found to be
super ior. In NWC TM 28S3 ,~ it was compared fo r a teat confi guration against a different approach
due to Woodward and found to be comparable while being a inure complete and vemtile
program. The NEAR model doss an adequate job In onse cases, but the trend with angle ol
attack is alarming. The slop , of the nonnal force Ia counter to that Indicated by both the flight
test and the wind tunnel. In the case of the pitching moment , the slop, differs considerably trom
the test data from both so urces. In the case of the yawing moment , while the slope Is In
agreement, the magnitude Is such thst In the normal flight condition for straig ht and level flight,
In the neighborhood of 0 degree, the yawi ng moment Is opposite in sign frotu that Indicated by
experimental and flight data. The effec t of the fin cant is not capable of affect ing the wil ing
moment in the NEAR model , and the axial coefficient Is not generated.

The corresponding comparisons for aftetbody 2 at N • 0.6 are shown Ui FIgures 4. through
4., and they do not differ greatly from afterbudy I. The differences between early and final
configurations appear slightly large r than afterbody I, and the refi nements move as ntnch ot the
wind tunn el data away from the flIght test data as tow ard it. The dIfferences , however , are agai n
gensralLy within the data uncertainty. The Increase In scale to a 10% model appears to have a
t avotable effect on (‘N, but the 5% scale data appear better for (‘A and (‘N. Scale has at~InsignIficant effect on the other coeffic ients. However, the sting.mounted wind tunnel models show
some disturbing anomalies , partIcularLy fo r the nomsal force and pitching nnanent. Generally, when
taki ng this type of data with a dual st ing, all conditions are fixed except for the st ore distan ce
below the aircraft , and data are taken as the model Is swept In tow ard the captIve posItIon and
back out. This can generate two separate set ; of data, one for the Inbound sweep and one lot
the outbound sweep, If the data are not reproduced. This Is the case for the L)1’NSRFI(’ data as
some samples show In Figures 5a and Sb. The clear symbols indicate the Inbound sweep, and the
filled symbols denote the outbou nd sweep. In some ~‘aa.s the differences are substantIal as shown
here. Similar problems are known to occur also at ALiDC, but the differ ences have not been so
large. PlottIng the data on sensllo g paper as done her. frequentl y shows the data close to the
captive position to form a nearly straig ht line which can easIly be extrapolated into the captIv e

~‘ Nt.lssn En Uwsrtnp a R esearch Inc . ~~teøsa,a “1 tAe P4vd.,i,J jbe ?‘tvj~t’t$t~ Xt~~~~~~~i~~~~eth’~., Xeore
.~~pdpvt*w, TP. Wtt~$e, at ~ rev~s V~ Vu 1*, CP*fral ~~v& to 1Pk’$ak • Mffi No.,~e$cw1.r ( ‘) tbu
Svt ’t~wr l t ~ ss,: I *t II. by I K. ( oodwin, N. I .  F. flUlenlus , aisi J. N. NIelsen. I’alo AIt~, (~s iff., Nt- AK,
N,wen

~
bet 1974, (AFI flI~iR-74-t 30, publIcation UN(’LASSIEWD.i

• 7 Naval Weapons (‘enter. 4 fl nspa~~twi Ierwren m NEtheII and ~~ ‘dw nS PPivre.lu *s ~~ndIrffi ~~ How
Held, and ~nwe Lows, by *. N. Rpr. (‘tu na Lake , (‘sIl(.. NW ’ , Jud y 1977. (NW(~ Itu9ink’aI Memote nduisu
2*S3 , publication UNCI ASSIFIFD.)

I I

__ __  - .



_______________ - , . - -  —.•, - ~~~~~~~~~~~~~~~ -.~~ --~~-‘-----~ — 

I
I

NWC TP 6O26

1.2
FINAL MODEL

1.0 — — —  EARLY MODEL
••~~~• NEAR MODEL

0 8  - _ __  ___  ___  ___  ___  ___  ___  ___

CN 
0.6 N
o.q

~~~~~~~ _ _

::::
_ _ _

_ 
-

_  
H-0 .8

— 1.0 — -

-8 -6 -11 -2 0 2 4 6 8 10 12 iLl

(I)
FIGURE 3. ComparIson of Flight Test Results With Wind Tunn l;
Nh 83/F .4, Afterbody 1, LIP , TER-l, M • 0.6.

12 

: ~

.1,
- .



-. .—
~

-— “
~

“- ‘ 
~
“ 

~7’~’~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~ . - .— - -—~~‘- .,,—~ -.-‘

NWC TP 6O26

0.6
FINAL MODEL

0 4  — — —— EARLY MODEL
. .1 • NEAR MODEL• 0.2

0 _ _ _ _

-0.2 ~~~~~~~
-0.4 _ _  _ _  _ _  

. 

_

~JFI;[ .~~~~~~ 

_ _  _ _  _ _  _ _

cv .I1

~

. 
.
~~~~~-0.6

-0.8

• -1.0

-1.2 N
-1.4 -_ __  ___  ___  ___

-8 -6 -LI -2 0 2 LI 6 8 10 12 III
us

(b)

FIGURE 3. (Coned.)

13

____________ 
- ~,



-, .-~~,-.~~-~~~~ --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-,~ ,- -,~--.. — , -,~~~~ , -,,--—~-., --- fl— ’.. ,—~~~——.-.--, .-..,

NWC TP 6026

-0.2

-0.4 _ _ _ _  FINAL MODEL
— — — EARLY MODEL

1.0 . . .. NEAR MODEL ___

0.8

0.6 — _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

:::
_

-6 -4 — 2 0 2 q  6 8 1 0  12 14

(c)

FIGURE 3, (Coned.)

14

_ _ _ _ _ _ _ _



, -~ -~ -~ --~

NWC 1? 6026

1.2
FINAL MODEL• 0.8 — ——— EARLY MODEL

• .  . • NEAR MODEL
• 0.4

0

-0.4
Cm

:~~~~~~~~~~~~~~
_ _ __ _ ___ _ _ _

: 2.0 
///

-8 -6 -LI -2 0 2 14 6 8 10 12 iLl
us

(d)

FIGURE 3. (Contd .)

IS



NWC 17 6026

1. ’4
F I N A L  MODEL

1.2 — — —— EARLY MODEL
•. .  . NEAR MODEL

1.0

0.8

0.6

-0.2 — _ _ _  _  _

-0.4 — _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

-0.6
-8 -6 - ‘4 -2 0 2 14 6 8 10 12 14

(e)
FIGURE 3. (Coned.)

16



r ‘

~~ ~

- -

~~~~~~

—---—-

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.. 

~

. 

~~~~~~~~~~~~~~~~~~~

NWC 1? 6026

1.4 - _ __

FiNAL MODEL— — — EARLY MODEL
1.2 — ~ A NSRDC 5% TESTS

~ • NSRDC 10% TESTS
• AE DC 5% DUAL STING

1.0 — _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

0.8

_ _-

~~~~~~~ 

-~~~~~~~~ _ _ __ __

: 
~~~ 2 ~~~~~; 4 6 8 1 O 12

(a)

FIGURE 4. ComparIson of Flight Test Results With Wind Tunnel;
Mk 83/F4, Afterbody 2, LIP , TELl , N • 0.6.

17

_ _ _ _ _  
_ _ _ _



,---“—..~— —-- -- ., —. - -

~~~ ~~~~~~~~~~~~~~~~~~ i—’ ‘~ ‘~ ,, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NWC 17 6026

0.6
FINAL MODEL—— — EARLY MODEL

0 .4  — A NSRDC 5% TESTS
• NSRDC 10% TESTS

____  ____  
T • AEDC 5% DUAL S T I N G

0.~~
_ _  __ _ _ __

Cv

~~

:L -6 -4 - 2 0 2 1 4 6 8 1 0 12 14 

H

FIGURE 4. (Contd .)

18 

.
~~ -~~~—--~ ‘— -- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 



W 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

—r.. • .- .~.

NY/C TP 6026

0.14

c i 

_ _  _  _ _ _

-0.2 
1

-0. ’4 FINAL MODEL
EARLY MODEL

A NSRDC 5% TESTS
1 0 — • NSRDC 10% TESTS ____

• AEDC 5% DUAL STING

0.8

CR

-6 -4~~~~2 O 2 ~~~~4 6 8  10 12 *4

(c)

FIGURE 4. (Contd.)

19



NWC W 6O2b

1.2
FINAL MODEL

H — — —  EARLY MODEL
0.8 H ~ A NSRDC 5% TESTS

~ • NSRDC 10% TESTS
• AEDC 5% DUAL STING

0. 14

0

-0. 14
m

_0.8

• -1.2

-1.6 ~~~~~~~~ ~~

:
~~:: __

_ _
_
_ _

_
_ _ _

-2.8

-3.2
-8 -6 -LI -2 0 2 ‘4 6 8 10 12 114

(d)

FIGURE 4. (Coned.)

20

_ _ _ _ _ _ _ _ _ _ _ _ _  -



-‘~~- —•—.•.—-.. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~~~
-•,.,.-—. ,,---. -.-—--

~~
---—— - -  ‘—

~
---

~~
, -.

NWC TP 6026

1.6
— FINAL MODEL

—— — EARLY MODEL
1 .1 4  

— NSRDC 5% TESTS
NSRDC 10% TESTS

1 2 ____  

• AEDC 5% DUAL STING

1.0

_  _  _  _  

7
0.8

0.6

0.14 - _ __  ___  ___  ___ —
~~~~

-— ___ ___  ___  ___

Cn

0 7

-6 -14 -2 0 2  6 8 10 12 114

(e)

FIGURE 4. (Contd.)

21

_____________  
— ~~~.~~~~~~~- --- ~~~~~~~~~~~~~~ - .  - --——= .~~~~~~~

. — -“



____ - - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

—

~~

. ,
—

~~
..-- ----—-- .-

NWC 1? 6026

2.0

~ N 
D~
\ FILLED SYMBOLS - OUTBOUND SWEE P

:
~~~~~

T’N
~~~~~~

. 4 ’  ‘
• o

“0

.2

0

~ 
A A~~~~~~N~\ _ _ _ _ _  _ _ _ _ _  -_ _ _ _ _.1 A N~~08 A

.06~
0 .5 1,0 ~~~j  1.5 2.0 2.5

7D
DISTANCE FROM CAPTIVE POSITION

(a) DTNSRDC 5% scale, F4/Mk 83, M • 0.6.

FIGURE 5. Dual-Sting Wind Tunnel Store Loads.

22

________ ~.•,~~~_~.__,,__.;_~~~
- - —,.

•-. -. —--——— ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - . .. - ______



,—‘—- .---•-.--,-,, ~~-•—-. — — ‘ .~~T’. T ” ~’’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,- ..--.--- .•- 
~~~~~~~~~~~ ‘ - •.-—-.-- ‘.—

~~
.-— —

NWC TP 6O26

1.0
FILLED SYMBOLS - OUTBOUND SWEEP

.8 D U C m R U N # 1 7 2
Cf W -Cm RUN # 197

. 6 ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0

4

.2

_ _ _ _ _ _  ~~ 1A~ ~~~~~~~~ _ _ _  _ _ _

.08 - 
~~~~~~~ ~~~~~~~

.06
0 .5 1.0 1.5 2.0 2.5 •

/D
DISTANCE FROM CAPTIVE P~SIT!~’~l

(b) DTNSRDC 10% Scale, F.4fMk 83, M • 0.6.

FIGURE 5. (Contd.)

I

23

__________________________________________________________________________ - . : 
_______



- - - . ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ---~~- —~~~~~-— .-,•-‘—---- .— .‘- .

‘4WC TP 6026

1.2 -
F I N A L  MODEL

1 0  - 
. EARLY MODEL

~~~~‘ NEAR MODEL
0.8

CN 
— _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _

:~ :~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2 T 6 ~~~~~~~8T~~~~~~~~~2~~~~~~~14

(a) M — 0.7.

FIGURE 6. ComparIson of Flight Test Results With Wind Tunnel;
Mk 83/F.4, Afterbody 1, LIP, TER.l.

24

____ ~~~~~~~~ -~-~~
-=~~~~~ - ~~~ -~~~ :~

— - . :~
r-

~
-
~~
- . -~~,



.-
~~
----‘.

~~~
‘-. .~~~...—-~-..-.--..

---‘:z— - —
~~~~

—‘
~~

--- . . ----—~~ — —. -. —

NWC I’P 6026

1.2

FINAL MODEL
1.0 — — —— EARLY MODEL

• .. . .  NEAR MODEL
0.8

0.6
CN

:~~~~_ _ _ _
_

_ _ _
___

1: -8 -6 -14 -2 0 2 LI 6 8 10 12 114
uS

( b ) M - 0 . 8 .

FIGURE 6. (Contd .)

I~I

II
~

25



- —--w—— -.---—-- --,----

~~~~~~

____

~~~~

.,-- ‘— —-. —.-— —-- --.—.- •---- - ----- -~~ - - - - - -

NW(, 11’ 6026

1.2
FINAL MODEL

1.0 - — — —  EARLY MODEL.... NEAR MODEL
0.8

0.6
CN

0.14

0.2 ~~~~ 
- _ _

0

-0.2

~0. 14 -_ __  ___  ___  ___

-8 -6 -4 -2 0 2 ‘4 6 8 10 12 114

~i1
(c) M • O.9.

FIGURE 6. 1~Contd .)

26

- _______________ 
_______ .~~~~~ -

. 
- 

.. 
- .~~.L•~

_
~_:~ _ .-



•.. ‘~r~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~ - r-- ,!r, ”’n-. ~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~ ~~
,.,_ .

MWC 17 6026

0.6
F I N A L  MODEL

0.4 - ———— EA RLY MOD EL

• • • S NEAR MODE L

CY~~~~

; 

N

-1.4
-8 -6 -‘4 -2 0 2 II 6 8 10 12 14

uS

(a) N • 0.7.
FIGURE 7. Comparison of Flight Test Results With Wind Tunnel;
Nh 83/F4, Afterbody I, LIP, TER.l.

- 
-- -~~ - - 

—.-. -.
‘• -~~——- _~~~~~~i -—~~~~~~~~~ - - — ~~~~~—•• — •



______________________ -.  
~~~~~~~~~~~~~~~~~~~~~~~~ 

- -~‘~~r ~~~~~~~~~~~ - . -— .‘---- - -•----- 
~~~~~~~~~~ - _,~~~~~~

—
~

--‘—
~~~~ 

___ •_ ‘ _____—-.-_s• —--•-,,~~

I

NY/C 17 6026

0.6
FINAL MODEL

0 .1 4  
— — — — —  EARL Y MODEL

•. • • NEAR MODEL

CY

O L I

_  

_T0

~~

2

~~

4

~~

6

N

8

~~~~

2 14

(b) M • 0.8.

FIGURE 7. (Contd .)

28

- __
~~ ._~~

j  
~~~~~~

- — ~~
—. 

-~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
—

~~~~~~~- 
___



-

NY/C TP 6026

0.5
FINAL MODEL

0. 11 — — —  —— EARLY MODEL
S • • • NEAR MODEL

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  - _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

-0.2 -.

cY
-0.11

-0.6

-0.8

1 0  _ N _ _

-1. ’4 —

—8 -6 -11 -2 0 2 L4 6 8 10 12 iLl
cc

5

(c) M • 0.9 .

FIGURE 7. (Contd .)

29

I L - _ _  ~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ , 
- - - . ~~~“ 

________



NWC TP 6O26

pos it ion to yield an apparent captive load. However , thu straight-Line relatLonth ip frequent ly has a
kink in ii between I 1/2 and 2 1/2 diameters for the smaller scale data. This is not in evidence
for the 10% data which is more uniform. These trends occur in all the data , but they are much
more pronounced in the nonnal force and pitching moment. When there was no diffe rence
between the inbound and outbound sweep, only the solid symb ol is shown. This character istic
makes st ing-mounted, wind tunnel data difficult to interpret at times and eve n more so w hen one
examines AEDC-TR.76.l 22 2 w here it is shown tha t st ing data frequently does not smoothly merge
into the internal balance data for the captive po~tion. Caution must be exercised when applying
such results.

~Thile the Mach = 0.6 data raises some questions concerning the simulatio ns , particularly the
mathematical simulations, it can be said in general that w ith enough care in the geometric
simulation the w ind tunnel can be made to represent the full-scale article to a good degree. The
small discrepancy left is undoubtedly due to the lack of Reynolds number simulation and remains
as a problem in fine-tuning the simulation to even more realistically represent the full scale. There
is some question concerni ng the adequacy of the mathematical model at this point. The adequacy
of these simulat ions , including the wind tunnel , will be more fully quant ified in the next phase of
this program when actual drops will be made with this configuration and deviations between the
simulated and actual tr ajectories will be examined. In fairness, it should be noted tha t the

• mathematical model represents, to a good degree. the level of the loads and moments in the most
likely drop range (approxImately 2 to 3 degrees), and only the pitch plane aerodynamics disagree
wi th the trend of the data into the tran sient or maneuvering range. Furthermore , the mathematical
model has demonstrated some of the same sensit ivity to gaps between the vario us components that
has been demonstrated by the wind tunnel model refinements. In a further examination of the
calculated results , some deficienc ies have been noted that might be responsible for the
discrepancies shown and that may be easily correctable. The present calculations make an
approximate co r rection for the mutual effect of the store in the flow tIeld of the aircraft , and
the results of the flow field itself and of one store alone on a pylon have , in other tests , shown
different trends with angle of attack. It is quite likely that the mutual effects of the adjacent
stores are improperly taken into account. This is particularly true of the fins. In the present
calculations , the effectiveness of these fins as lift ing surfaces is represented by a constant and
input quantity in the form of a lift-curve slope corrected for wing-body interactions. The close
proximity of the fins to one another in this configurat ion lead s one to conclude that the fin
effectiveness is most probably different in different planes and that the mutual interferen ce of
these lift ing surfaces is most signifi cant.

It Is the development of the data with Macit number, however , that introduces the most
uncertainty into the problem of simulation. Figures 6a through 6c show the development of the
normal force with Mach number from 0.7 through 0.9. At Mach 0.7. there were limited
simulations, and this condition Is show n for completeness. It Is at Mach 0.8 that a surprising
divergence takes place. At approxim ately 2 degrees angle of attack of the store (3 degrees t’or the
aircraft), the flight data appear to shift rather qu ickly to a different level and possibly resume the
original trend with angle of attack , but there are inadequate data to definitely conclude the return
to the original trend. In the particular region of the shift, the NEAR model seems to have the
appropriate trend and more nearly represents the flight test than the wind tunnel. This may be
fortuitous , however , At Mach 0.9, the same trend is sti ll In evidence , but the data are quite
limited. Mt Interesting point to observe Is that the shift occurs at about 0 degree at Mach 0.9
and about 2 degrees at Mach 0.8. If one extrapolates this trend to the Mach 0.7 data , a shift
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would be expected at about 4 degrees, and indeed there is an indication in the data that a shift
could be imminent. Unfortunately, there are not enough data to confirm this as well as an
inadequate data range at Mach 0.6. Data for the side force over the same Mach range are shown
in Figures 7a through 7c , and slight shifts can be seen in the flight results similar to , but much
smaller than, the norma] force results. The shifts in the data are somewhat more noticeable in
Figures 8a through 8c for the roll and axial force coefficients. The results for the moment
coeffic ients In Figures 9a throug h 9c for the same Madi range show a significant but small shift
in the flight results, but this is not apparent in the results for the yawing moment shown in
Figures lOa through lOc.

The underlying cause of this divergence is unknown at this time, but it was quite
consistent , occurring with both afterbodies. The flight data were taken over a wide range of
attitude and g4oading combinations during maneuvering on several flights and with configurational
changes, tending to rule out random anomalies. Critical post-test reviews of the apparatus and
techniques tended to rule out problems arising from this source even at the higher g levels of
about 3 represented by this data where the resolution was poor. This lack of conflicting data
further strengthened the assumption that the observed effect is real. This was even more
reinforced by the discovery of a similar occurrence reported by Meyer and Simon.8 There could
be a severe Reynolds number problem which causes some separation and/or shock pattern to be
different between the wind tunnel and the full scale, or there could be a blocking effect in the
tunnel obscuring the effects of angle of attack. More likely, however, is that the curvilinear flight
path being flown by the full-scale aircraft produces a different flow field with different attendant
store loads than those produced by the static wind tunnel model. At this time, no mathematical
or experimental sim ulation has been devised to confinn this assertion, but it seems clear that the
loads on a store released during a maneuvering condition are likely to be substantially different
than those on a store in steady-state but otherwise at the same flight conditions.

~S. D. Meyst and C E. Slison. “An Experimental lnvestjatlon of Captive Flight Loads cii a Bomb
Dwbig Extsnial Carriage cii the F- i l l  Aircraft,” Aba’aft Stores Compatibility Syntporiam, 18-20 September

• 1973. Sacramento, Calif. (PubBcatlon UNCLASSIFIED.)
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CONCLUSIONS

A flight test program utilizing a Mk 83 store shape on an airborne balance and mounted on
• an F.41 has been flown under well-lnstrwnented and controlled conditions to produce a set of

data for correlation purposes on captive loads. A comparison with a large block of wind tunnel
data run in support of this program shows general agreement between the flight test and wind
tunne l simulations at moderate subsonic Mach numbers , but there Is a surprising sensitivity of the
wind tunne l data to apparently minor geometric simil itude as well as the manner of taldng the
data , This sensitivity overshadows the remaining uncertainty due to Reynolds number type of scale
effect. The best mathematical simu lations available generally agree In magnitude with the forces
and moments , but occasionally differ in the trend of these coeff icients with angle of attack.

As the Mach number Is increased from 0.6, there Is a surpr ising divergence between the
flight test and wInd tunnel results which occurs at progressively lower angles of attack as the
Mach number Is Increased. This sudden change Is not reflected in the mathematical models either.
The cause of this divergency Is very much open to question at this thne, but It must be resolved
before the simulations, wind tunnel or mathematical, can exert a significant effect on the
mechanics of dealing wish captive loading and store separation In general.
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