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SUBSONIC-ANDTRANSONICDYNAMICSTABILITY

DERIVATIVESOF A MODIFIED089B SHUTTLEORBITER

• (LA20)

by

RichmondP. Boyden and Delma C. Freeman,Jr.

SUMMARY

An experimentaltest programhas been conductedto measure the subson_,:
and transonicdynamic stabilityderivativesof a modified089B shuttleorbiter
configuration. The test were conductedin the Langley8-Foot Transonic
PressureTunnel utilizingforce_oscillationequipment. Rotaryderivative_
were measuredabout all three axis with both the in-phaseand out-of-phase
derivativesreportedherein. The test were conductedat Mach numbersof 0
0.8, 0.9, 0.98 and 1.2 for angles of attack up to 22°. The data were measul,-.
at the model resonantfrequencywith pitch and yaw amplitudeof 1° and roll

• amplitudeof 2.5°.
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IIITRODUCTIOI_

One.of the currentmajor nationalgoals is the developmentof the Space
Shuttle. As part of thls effort a programhas been _nitiatedat the Langley_
ResearchCenter to experimentallymeasurethe dynamicdampingderivativesof
the shuttleorbiterfor all flight phases from entry to landing. These experi-
mentallymeasuredvalueswill be utilizedin computationsto assess the Im-
portance.ofthe dynainicdamp(ng,derivativesOn overallvehicledynamics
upersonlcresultsare preser,_eain referencel and hypersonicresultsin
reference2

As part of this study subsonicand transonicforced oscillationtests of
a 0.0165 scale model of a modified089B shuttleorbiterhave been made in the
Langley2.4384-meter(8-Foot)TransonicPressureTum=e1. These tests were made
for severalconfigurationsover a Mach number range from 0.3 to 1.2 measuring
the pitch,roll, and yaw damping. The normal force due to pitch rate, cross-
derivativesyawinclmoment due to roll rate, and rollingm,_mentdue to yaw rate
were also measured. Data plots and tableswere preparedby ChryslerCbrpora.-
tlon under IlASAcontract. _or this investigation,designated8TPT 653 (LA20},
the tunneloccupancytime was 160 hours.

SYMBOLS

PLOT
SYMBOL SYMBOL DEFINITION

b BREF referencespan, meters

CA CBL rolling-momentcoefficient,rollingmoment
q®Sb

_ aC_,, per radianCAp

CA. _ _C_., per radian

C_p + C_sin_ CBLP damping-in-rollparameter,per radian

C_r . _C_ , per radian

C_. aCv. - , per radian

r _(_)

C_,r - Ce.cos_J CBLR rollingmoment due to yaw rate parameter,
B per radian
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';YMBOLS(Continued)
,,

PLOT
_ S'_t4__ SYMBOL DEFINITION

./: C:_ . aC_, per radian

C_. . aC g, per radian

_" (,-,ha - k2Cg CBLBS rollingmoment due to roll displacement
....:. i:; p parameter,per radian

CzBcos_+ k2C_ CBLBC effect/vedihedralparameter per radian
,'!).
_;: % CLM pitching-momentcoefficient,

___ pitching moment

: i: q S_

:_: C;._ - _Cm , per radian

::_..,. Cm. - @Cm, per radian

Cmq + Cm. CLMQ damping-in-pitchparameter,per radianI'I a

_ Cm - aCm, per radian

_:; aCm,
'L_ Cm& - per radian
:,. a _E

.... Cmu - k2Cm. CLMA oscillatorylongitudinalstability
- q parameter,per radian

CN CN normal force coefficient, normal force
q®S

,,°

.... . '_. • ,.
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SYMBOLS(Continued)

PLOT
SYMBOL SYMBOL DEFINITION

- @CN, per radian

CN. - @CN , per radian
q _/qc2"_-_-'_

CNq + CN& CNQ normalperradianf°rcedue to pitch rate parameter,

- _CN, per radian

@CN, per radi_CN. - ---.-
_/&c\

CN_ - k2CN. CNA normal force due to pitch displacement
q parameter,per radian

Cn CYN yawing-momentcoefficient,yawin9 moment
q®Sb

- _Cn, per radian

Cn. - BCn, per radian

Cnp + Cn sin_ CYNP yaw,_g moment due to roll rate parameter,per radian

BCn, per radian
Cnr - ___
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•,. SYMBOLS (Continued)

..! PLOT
SYMBOL SYMBOL DEFINITION

_::.. Cn. - _Cn, per radian
" r /rb2_

? Cnr - Cn.cOsa CYNR damping-in-yawparameter,per radian
S

.... _C

.. CnB - .__nn,per radian
BB

:: Cn. - _._BCn,per radianB

_i CnBcosa+ k2Cn. CYNBC oscillatorydirectional-stability
r parameter,per radian

" Cn sin_- k2Cn. CYNBS yawing moment due to roll displacement
i;,_ _ p parameter,per radian

_ _ LREF referencechord,meters

-. c.g. CG-LOC referencecenter of gravitylocation
... position

f - frequencyof oscillation,Hertz

_c in pitch;.. k - reducedfrequencyparameter,2-V
_b in roll and yaw, radians

•, _V

M MACH free-streamMach number

•. p - angularvelocityof model about X axis,
radians/second

, q - angularvelocityof model about Y axis,
radians/second

_ q= - free-streamdynamicpressure,k Pa, psf

!.
R RN/L Reynoldsnumber,millions/meter,millions/

... foot, millionsbased on body length
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::" SYMBOLS (ConcludeJ)

: PLOT
SYMBOL SYMBO_____._LDEFINITION

r - angularvelocityof model about Z
.,t

,:. axis, radians/second

S SREF referencearea, meters2
3,

_:: V - free-streamvelocity,meters/second

,i:. _ ALPHA angle of cttack,radiansor degrees

B BETA angle of sideslip,radiansor degrees

: _ - angularvelocity,2_f, radians/second

6a AILRON total aileroncontrolsurfacedeflection
,:._ angle, degrees

6bf BDFLAP body flap surfacedeflectionangle,
positivetrailingedge down, degrees

,: 6e ELEVTR elevatorsurfacedeflectionangle,
_,_: positivetrailingedge down, degrees

.. 6r RUDDER rudder surfacedeflectionangle,
_ positivedeflectiontrailin9edge to

__,., the left, degrees

_:_ 6rf RUDFLR rudder flare deflectionangle, included
.. angle between split rudder used to

i:i decrease speed,degrees

Note: A dot over a quantityindicatesa first derivativewith respect
_. to time.

L CONFIGURATIONINVESTIGATED

A O.Ol65-scalemodel of a blend of Rockwe]l Internationalshuttle
configurationswas tested. The model consistedof a 089B orbiter con-

:' figurationwith a 139B configurationnose forwardof fuselagestation500.
.i A sketchand photographof the model are shown in figures2 and 3, respec-

-._ tively, Data were _m_,_re.dat two moment referencepoint locations,65%
, and 67% of the body length,(positionsl.O and 2.0 respectively). Varia-

tions of rudder flare, body flap and OMS installationwere also investi-
' gated. The data tabulationsheets are presentedin Table II and the
! model componentdimensionaldata are presentedin Table II_.
d

:: 6
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TEST CONDITIONS

Tunnelconditionsduring the tests are summarizedin table I. The
Langleyforcedoscillationapparatus(see reference3) was used with the
model oscillatingat resonantfrequency. Amplitude_of l° were used
during the pitch and yaw tests and 2.5° for the roll tests. Both the
in-phaseand the out-of-phasederivativesare presentedfor the primary
derivativesas well as the cross-derivativesof yawing moment due to
rollin_,,elocltyand rollingmoment due to yaw velocity. All data pre-
sented are averagevaluesof three data samplesat eachangle of attack.

TABLE I. TEST CONDITIONS

MACH REYNOLDSNUMBER X IOB DYNAMICPRESSURE

NUMBER ,IBASEDON MODEL._ENGTHI, L k Pa PSF

0.30 3.2 s.98s 12s
0.80 6.7 29.78l 622

0.90 7.0 33.947 709

0.98 3.6 18.434 385

1.20 3,7 21.I15 441

i ,- ,,,,

TEST FACILITYDESCRIPTION

The NASA/LangleyResearchCenter 2.4384-Meter(8-Foot)Transonic
PressureTunnel Is an air-medium,facilitycapableof attainingcontin-
uouslyvariableMach numbersfrom 0.20 to 1.30. It is a single-return,
closed-circuittunnel,having controlledstagnationtemperature,total
pressure,and dew-pointtemperature. The test sectionis 2.16meters

' square(7.1 feet square). Reynoldsnumbersare variablefrom 0.985 to
23 x lOb/meter(0.3 to 7 x 106/foot),dependingon Mach numberand tunnel
total-pressurelimitations. Models are generallysupportedin the test
sectionby a sting-sectorsystem,but wall-mountlngis possible. Schlie-
ran photographyis availablefor flow and shock-wavestudies.

7
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DATAREDUCTIOII

Static aerodynamic forces and momentswere reduced to coefficient
form based on the following model reference values:

b = BREF= reference wing span = 0.39256 meter (',5.455 in.)

E = LREF = referenceIIAC = 0.1990 meter ( 7.834 in.)

S : SREF = reference_ing area : 0.0680 m2 ( 0.73Z3 ft2)

Moment coefficientsare referencedto two theoreticalcenter of
i'i gravitylocations,which are; l) 65% and 2) 67% of the body length.

These dimensionsare:

XcgI longitudinallength,nose to 0.3513meter (13.(;30in.)forwardmoment referencecenter
longitudina'llength,nose to 0.3621meter (14.256in.)

Xcg2 aft moment referencecenter
verticaldistance,v,_terplane 0.0106meter ( O.41g in.)

! Zcg 0 to i_omentreferencecenter

PRESENTATIONOF RESULTS

! The forcedoscilla_iontest resultsare presentedin figures4 throuyh
13. The effectof c.g. positionand OMS installationon the pitch dampi_g
and the normal force due to _itch rate are presentedin figures4 and 5 re-
spectively. The model exhibltedpositivedamping in pitch throughoutthe
teSt angle-of-attackrange for Mach numbersup to 0.9. At Mach numbersof
0.98 and 1.2 there were regionsof negativedampingbetweenI0 a_id12 degrees
angle-of-attack.The effect of OMS installationon the yaw and roll damping
are presentedin figures6 and 7 respectively. These resultsshow that the
model exhibitedpositivedampingin yaw throughoutthe test angle of attack
range and that the model exhibitedpositiveroll dampingover the test Mach
number range except for the highestangles-of-attack(excessof 20°) for
Mach numbersof 0.98 and 1.2. The verticaltail contributionsto yaw and roll

dampingcan be seen in figures8 and 9 and the effectof configuration
: variablessuch as body flap deflectionin combinationwith rudderflare and

body flap removalare presentedin figuresI0 through13.

8
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TABLEIll. -CO,POtENTO;,ENSIONALOATA

COHPONENT*BOOYo it
GENERALOESCRIPT[ON.089B-I3SBCHOOIFiEDNOSE),NOSESECTIONFRONFULL.SCALE
STATION238,010STATION500FROHNARORAVLNGVLTO-OOO13SB,REKAININGOOOYAFT
OFSTATION500FRONNANVL?O-OOOOS3.
NOOELSCALE-0,0165
ORAVINGNUHBER-VL70-000093,VL70-0001390,
TEST[OENTIFICATIOH-LA20

FULLSCALE FULLSCALE flOOELSCALE HOOELSCALE
NETRIC ENGLISH HETRIC ENGLISH

_: LENGTH 3277,4 Ca, 12S0,3 IN. 54,0?? IN, 21.290 IN,
HAX,VIOTH 673,1 IN, 265.0 IN, 11,106 CH. 4,3?2 IN.
NAX,OEPTH 629.9 CH, 246,0 IN, 10,394 Ca, 4,092 IN,
FINENESSRATIO 4,969 4,BSB 4,869 4,869
nAXCROSS-SECTI_ALAREA 42,4011SO,N, 456,4000SD,FT, 115,4370SO,CM, 1?,8927SO,IN,

FOOTNOTE.G£N£RAL.NOOELSCALEVALUESAREOER]YEOFROHFULLSCALEVALUES
UNLESSNOrEOOTHERVISE,

CONPONENT-ELEVON- E
GENERALOESCRIPTION-CONFIGURATIONPERLINESVL70-OOOOS3,OATAFOR
I1) OFC2)SLOES.
FlOOELSCALE-0,0165
ORAVINGNUHDER-VL?O-O00093
TESTIOENTIFICAT[ON-LA20

FULLSCALE FULLSCALE HOOELSCALE NOOELSCALE
• FFETRIC ENGLISH HETRIC ENGLISH

Ai_A 19,0932SO,H, 205.5170SO.FT, 51.9813SO,CH, 8,0571SO,IN,
EOUIVALENTSPAN N?,5 CH. 353,34 IN, 14,81 Ca, 5,83 IN,
INBOARDEOUIVALENTCHORD 291,5 CH, 114,76 IN. 4,61 Ca, 1,$9 IN,
OUTBOAROEOUIVALENTCHORO 139.? CH, 55,00 IN, 2,31 Ca. ,$1 IN,
RATIOHOVABLESURFACECHORO/

TOTALSURFACECHORO
ATINDOAROEOU[VALENTCHORD ,209 ,208 ,208 .20B
ATOUTBOAROEOUIVALENTCHORD ,400 ,400 ,400 ,400

SlEEP-BACKANGLES
LEAO1NGEDGE ,00 OEG. ,00 OEG. ,00 OEG, ,00 OEG.
TAILINGEDGE -10,02 OEG. -10,02 OEG, -10,02 DES, -10,02 OE6,
H[NGELINE ,00 OEG, ,00 OEG. ,00 OEG, ,00 OEG,

AREANOHENT
NORNALTOHIHGELINE 43,836?CU,N, 1546,0700CUoFT, 196,9200CU,CX, 12,d187Cg,lN,

FOOTNOTE-GENERAL-HOOELSCALEVALUESAREOER[YEOFROHFULLSCALEVALUES
UNLESSNOTEDOTHr_I]SE,

or
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i TABLEIII.- COMPONENTDIMENSIONALDATA

i; CO,eONENT.WING-W
L_" GENERALDESCRIPTION-ORBITERCONFIGURATIONPERLINESVLTO-OOOO9],(DIHEDRAL

ISDEFINEDATTHELDi[RSURFACEOFTHEVINGATTHE75.33PERCENTELEMENTLINE
_ PROJECTEDINTOAPLANEPERPENDICULARTOTHEFUSELAGEREFERENCELINE).
_- NOOELSCALE-0.016_

ORAMINGNUHBER-VL?DoSOOS93
_ TESTIOENTIFICATION-LA2S

_ FULLSCALE FULLSCALE HOOELSCALE HDOELSCALE
i-::. I_TRIC ENGLISH HETRIC ENGLISH

_: TOTALDATA

i_ PLANFORHAREA 249.9102SO.a. 2690.0000SO.FT. 680.3604SO.CM. 105.4588SO.IN.EOUIVALENTSPAN 2379,172 Ca. 936.680 IN. 39.256 Ca. 15.455 IN.
_ ASPECTRATIO 2.268 2.265 2.265 2.265
i- RATEOFTAPER 1.177 1.177 1.177 l.l??
' TAPERRATIO .200 .200 .2DO .200
i: O|HEORALANGLE 3.500 OEG, 3.500 OE6, 3,500 OE6. 3,500 OEG.

]IR|OENCEANKE 3.000 OEG. 3.000 DEG. 3.000 DES. 3.000 OEG.
' AEROOYNAflICTVIST 3.000 OE6. 3.000 OEG. 3.000 DES. 3.000 OEG.

!, SVEEP-DACKANGLESLEADINGEDGE 45.000 DEG. 45.000 OEG. 45.000 DES. 45.000 OEG.
ii TRAILINGEDGE -18.240 OE6. -|0.240 DE6. -10.240 DE6. -10.240 OEG.
i 0.25ELEaENTLINE 35.208 OEG. 35.209 OEG. 35.2Dg DEG. 35.208 DEG.

t_OROS
_ ROOT(tIN6STATION0,0) 1750,G7 CN. 689.24 IN. 28,89 Cfl. 11,3'7 IN,[

[_ TIP{EOUIVALENT} 350.14 CH. t37,85 IN. 5.78 CH, 2,2'/ ]N.
aAC 1206.02 CH. 474.81 IN. 19080 CN. 7.83 IN.

i FU$.STA.OF0.25HAC 2887.71 CH. 1136.85 |N. 47.65 CH. I$.7G IN.
i I.P. OF0.25NAC 759.97 Cfl. 299.20 IN. 12.54 CN. 4.94 IN.
i 6.Lo OF0.25NAC 462.61 Ca. 192.13 IN. 7.63 Ca. 3.01 IN.
i EXPOSEDDATA

AREA 162.793"/SO.H. I752.2900SO.FT. 443.2059SO.CM. 68.6968SO.IN.
i EOUIVALENTSPAN 1830.53 _. 720.66 IN. 30.20 Cfl. 11.69 IN.
[ ASPECTRATIO 2.056 2.058 2,C58 2.050

TAPERRATIO .2451 .2451 .2451 .2451!

_- CHORDS
ROOT 1426,50 CH. 562.40 IN. 23.5? CM, 9,20 IN.

': TIP 350.14 CH. 117.65 IN. 5.76 CM. 2.2? IN.
:- NAC 896.30 CH. 393.03 IN. 16.47 CM. 6.48 IN.

, FUS.STA.OF0.25NAC 3010.69 CN. 1185.31 IN. 49.68 CH. 19.56 IN.
[ I.P. OF0.25MAC 762.51 Ca. 300.20 IN. 12.58 CH. 4.95 IN.

|.L. OF0.25NAC 365.15 Ca. 143,76 IN. 6.02 Ce. 2.37 IN.

_ FOOTNOTE-GENERAL-NOOELSCALEVALUESAREDERIVEDFRDMFULLSCALEVALUES
,. UNLESSNOTEDOTHERIISE.

..... .... " .... .... .......... ooo-oo-oo° 1-TSB04
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TABLE|I1. - CONPONENTOIHEHSIOXALOATA

COHPONENT-VERTICALTAIL -V
6ENERALOESCRIPT[DN.CENTERLZNEVERT[CALTAILOOUBLEVEOGEAIRFOIL
NITHROUNOEOLEAOINGEDGE.
flOORSCALE-0.0165
ORAWIN6NUeBER.VL70-000095
TESTIOEXTIFICATION.LA20

FULLSCALE FULLSCALE HOOELSCALE HOOELSCALE
,ETRIC ENGLISH NETRIC ENGLISH

THEORETICALAREA 38.3923SO.a. 413.2500SO.FT. 104.5231SO.CH, 16.2011SO.IN.
EOU[VALENTSPAN 801.93 CX. 315.72 IX. 13.23 CH. 5.21 IN.
[NBOAROEOUZVALENTCHORO 601.99 CX. 268.50 ]N. 11.25 CH. 4.43 IN.
OUTBOARDEOUIVALENTCHORD 275.51 CX. 108.47 IN, 4.55 CH. 1.78 IN.
SWEEP-BACKANGLES

LEAOIXGEDOE 45.00 OE6. 45.00 OE6. 45.00 DE6. 45.00 OE6.
TAILIN6EO6E 26.25 DE6, 26.249 OE6. 26.25 DE6. 26.25 OEG.

FOOTHOTE.GEXERAL.NOOELSCALEVALUESAREDERIVEDFRONFULLSCALEVALUES
UNLESSNOTEDOTHERIISE.

CONPONENT-RUDDER- R
GENERALOESCRIPTION-CONFIGURATIONPERLINESYL70-OOOOSS,
XOOELSCALE-0.0165
DRAWINGXUHBER.VL70-000095
TESTlOEXTIFICATlON-LA20

FULLSCALE FULLSCALE HOOELSCALE NOOELSCALE
NETRIC ENGLISH HETRIC ENGLISH

AREA 9.083 SO.a. 10G.380SO.FT. .0027SO.H. .029_SO.FT.
EOUIVALEXTSPAN 510.54 CB. 201.00 IX. 8.42 CH. 3.32 IX.
INBOARDEOUIVALENTCHORO 222,62 CH, 91,585 IN, 3,84 CH, 1,51 IN,
OUTBOARDEOUIVALENTCHORD 129,12 CN, 50,033 IN, 2,13 CH, ,84 IN,
RATIONOVADLESURFACECHORD/

TOTALSURFACECNORO
AT[NOOAROEOUIVALENTCHORD ,400 ,400 .400 ,400
ATOUTBOARDEOUIVALENTCHORD ,400 ,400 ,400 ,400

SwEEP.OACKANGLES
LEADINGEDGE 34,93 OEG, 34,83 OEG, ;t,82 DES, 34,83 OEG,
TRAILINGEOGE 26,25 OEG, 26,25 OEG. 26,25 OEG, 26.25 OEG,
HINGELINE 34.63 OEG, 3_.03 OEG. 34.83 OEG. 34.93 O£G.

AREANOHENT
NORNALTOHIXGELIXE 14,0383CU,H, 526,1259CU.FT, 66,9250CU,CH, 4,0640CU,IX,

FOOTNOTE.GENERAL.HOOELSCALEVALUESAREOER[VEOFROHFULLSCALEVALUES
UNLESSNOTEOOTHERWISE.
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TABLEIII. - COHPO_HTOIHENSIONALOATA

COFlPOH[HT-OtisPOO$-H
GENERALOESCRIPTIOH-2ALISHTIEIGIITCONFIGURATIONPERNC120074
HOOELSCALE-0,0165
gRAVINGNUHBER-VL?O-O|OO94
TESTIOENTIFICATIOH-LA20

FULL_ALE FULLSCALE nOBELSCALE HOOELSCALE
I_TRIC ENGLISH I_TRIC _6LI_

LENGTH li75,842 Ca, 346,000 IN, 14,501 Ca, 5,709 IN,
FlAXVlOTH{ATX0,14501 2'/4,321 CH, 108,000 IN, 4,526 IN, 1,782 IH,

. FlAXOEPTHCATXO:lSO0| 289,053 Ca, 113,600 IN, 4,769 Ca, 1,678 iN.
N PO0CEHTERLINE

Z AXISORBITER 1178.308 Ca, 463,900 IN, 19.442 ca, 7.654 IH.
VAXISORDIIER 203,200 Ca, 80,000 IN, 3,353 ca. 1,320 IH,

4
FOOTNOTE-GENERAL-HOOELSCALEVALUESAREOERIVEOFROHFULLSCALEVALUES

UHLE$$NOTEOOTHERVISE,

I

COHPONEHT-BODYFLAP-F
GENERALOESCRIPTIOX-BODYFLAP2ACO_IGURATIONPERLINESVL?O-O00094.
HOOELSCALE-0,0165
ORAVI_GNU_BER-YL70-000094A
TESTIOEHTIFICATION-LA20

FULLSCALE FULLSCALE HOOELSCALE HOOELSCALE
HETRIC ENGLISH HETRIC ENGLISH

LENGTH 215,138 Ca, 84,700 IN, 3,550 CN, 1,398 IN.
flAXlflUaVIOTH 673,101 ca, 265,000 [N, 11,106 ca, 4,372 IN.
FlAXlHUaOEPTH 53,340 ca, 21,000 IN. .680 Ca, ,34G IH,
AREAPLANFORH 13,2517SO,H, 142,6400SO,FT, 36,077SSO,CH. 5.5921SO,IN,
AREABASE 3,5903SO,n, 38,6460SO.FT, 9,7747SO.Ca, 1,5151SO,IH.

FOOTNOTE-GENERAL-NOOELSCALEVALUESAREOERIVEOFRONFULLSCALEVALUES
UNLESSNOTEOOTHERVISE.
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APPENDIX

TABULATEDSOURCE DATA

Plotteddata tabulati'onsdre
availablefrom DMS on request.
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