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Abstract

The data for longitudinal non-dimensional aerodynamic coefficients in the High Speed Research

Cycle 2B aerodynamic database was modeled using polynomial expressions identified with an

orthogonal function modeling technique. The discrepancy between the tabular aerodynamic data and

the polynomial models was tested and shown to be less than 15 percent for drag, lift, and pitching

moment coefficients over the entire flight envelope. Most of this discrepancy was traced to smoothing

local measurement noise and to the omission of mass case 5 data in the modeling process. A

simulation check case showed that the polynomial models provided a compact and accurate

representation of the nonlinear aerodynamic dependencies contained in the HSR Cycle 2B tabular

aerodynamic database.
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Nomenclature

bw

CD

CL

CM

GW

hr

HSR

M

PSE

q

6_

_GEAR

_SP i

_TE i

_LE,

Wo/W li

wing span, ft

drag coefficient

lift coefficient

pitching moment coefficient

gross weight, Ibm

height above the ground, ft

High Speed Research

Mach number

predicted square error

dynamic pressure, lbf/ft 2

angle of attack, degrees

sideslip angle, degrees

elevator deflection, degrees

landing gear deflection, degrees

ith leading edge flap deflection, i E (1, 2, 3, 4), degrees

symmetric stabilator deflection, degrees

ith spoiler deflection, i _ (1, 2, 3, 4), degrees

ith trailing edge flap deflection, i _ (1, 2, 3, 4, 5, 6, 7, 8), degrees

vortex flap deflection, degrees

ith engine, i e (1, 2, 3, 4, 5, 6, 7, 8), mass flow spillage ratio relative to cruise
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I. Introductio.n

The High Speed Research (HSR) Cycle 2B aerodynamic database I is a large collection of tabular

data from wind tunnel tests and aeroelastic calculations, which relates state and control variables to

non-dimensional aerodynamic coefficients. These aerodynamic coefficients represent the

non-dimensionalized aerodynamic forces and moments acting on the airplane, and are therefore

important for dynamics and control studies, and for simulation. Modeling the nonlinear relationship

between state and control variables and the non-dimensional aerodynamic coefficients using a closed

analytic form with smooth derivatives can be very useful. Example applications include robust

control, dynamic inversion, trajectory optimization, and smooth linearization of the nonlinear equations

of motion for transfer function identification or linear control design.

In this work, the technique described in Ref. [2] was used to model the longitudinal

non-dimensional aerodynamic coefficients using polynomial models. Ref. [1] specifies the component

build-up for each non-dimensional aerodynamic coefficient, along with the independent variables that

influence each component and the range of independent variable values contained in the data. The

orthogonal function modeling technique described in Ref. [2] was used to model each component of

each non-dimensional coefficient individually with a power series expansion in the appropriate

independent variables. Separate model structures were identified for the subsonic and supersonic data,

mainly because of step changes in slope contained in the data for many component functions at or near

Mach 1. The result was a power series expansion for each component of each non-dimensional

longitudinal aerodynamic coefficient that was valid over the entire range of the independent variables in

the HSR aerodynamic database, except that separate expressions were identified for subsonic and

supersonic data.



/L Polynomial Modeling

Each component function of the non-dimensional longitudinal aerodynamic coefficients in the

HSR Cycle 2B aerodynamic database depends on between one and five independent variables, which

are state and control variables. The orthogonal function modeling technique generates orthogonal

modeling functions from the data for the independent variables, and uses a statistical criterion of

predicted square error (PSE) 3 to select which of the orthogonal functions should be used to model the

component function data from the HSR Cycle 2B aerodynamic database. The PSE balances the

reduction in mean square fit error (i.e., the mean squared error between the model and the data) with

the number of terms in the model. An effective balance fits the data as closely as is warranted by the

information content in the data without overfitting, which is equivalent to fitting the noise. Once the

model structure is determined using the orthogonal functions, each retained orthogonal function is

decomposed into an ordinary polynomial expansion in the independent variables. This latter step can

be done to the accuracy of the computing machinery because of the way that the orthogonal modeling

functions are generated from the independent variable data. Combining common terms in the ordinary

polynomial expressions for each orthogonal function in the model results finally in a single polynomial

expansion in the independent variables for the component function model. More details of the

orthogona! function modeling technique can be found in Ref. [2].

The amount of tabular data for the longitudinal non-dimensional aerodynamic coefficients in the

HSR Cycle 2B database is very large, including some 624,838 data points and 74 component

functions for the drag coefficient, 455,444 data points and 71 component functions for the lift

coefficient, and 428,194 data points and 79 component functions for the pitching moment coefficient.

The build-up of the drag coefficient in terms of component functions is defined on page 7. Analogous

expressions for the lift coefficient and the pitching moment coefficient appear on pages 27 and 46,

respectively. The subsonic polynomial expansions for each component function of the drag coefficient

are given in Table 1, and the supersonic expansions are given in Table 2. Table 3 contains the

coefficient values for the parameters that appear in the expansions given in Tables 1 and 2. Analogous

information arranged in the same fashion for the lift coefficient and the pitching moment coefficient is

given in Tables 4-6 and 7-9, respectively.

Extended static testing was performed for the polynomial models of the longitudinal aerodynamic

coefficients. This involved 1000 random selections of independent variable values using a uniform

probability distribution over the valid range of each independent variable, and computing the drag, lift,

and pitching moment coefficients using the HSR aerodynamic database and using the identified

polynomial models. The discrepancy between the non-dimensional aerodynamic coefficient values

computed by the polynomial models and the values from the HSR Cycle 2B aerodynamic database was

less than 15% for all longitudinal aerodynamic coefficient polynomial models. The discrepancy was
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tracedmainly to smoothingof localdatafeaturesin theHSRaerodynamicdatabase(including
measurementnoise),andtheomissionof masscaseM05 (Ref.[1]) in thepolynomialmodeling. M05
correspondsto theoperatingemptyweightplusfull wing fuelwith agrossweightof 646,458lb. The
heaviestmasscaseis M13,whichcorrespondsto maximumtaxi weightata forwardc.g.location.
M13 haspartialwing fuelandagrossweightof 649,914lb. MasscasesM05andM13areveryclose
in grossweightbut verydifferentin fuel andmassdistribution.This causesall of therigid to elastic
corrections,whichareastrongfunctionof wingfuel, to bediscontinuousneartheseweightswhen
viewedasafunctionof grossweight. Theremainingmasscasesallowedagoodfit in approximating
masscondition(totalanddistribution)asafunctionof thesingleparameterof grossweight.

Finally,thepolynomialmodelswereincorporatedinto theRef.H Matlab/Simulinksimulation,so
thatthe longitudinalaerodynamicscouldbecalculatedusingeithertheHSRcycle2Baerodynamic
databaseor the identifiedpolynomialmodels.TheRef.H Matlab/Simulinksimulationtrim routine
wasalsomodifiedto generatetrim casesusingthepolynomialmodels.This lattertaskwasrequiredso
thatcomparisonsof maneuversusingtheHSRaerodynamicdatabaseversususingthepolynomial
modelscouldbedoneproperly.

A subsonicsimulationcheckcasewasrunusingtheHSRaerodynamicdatabaseversususingthe
polynomialmodels.ThemaneuverwasastabilatordoubletatMach0.8and25,000feetaltitude.
Figure 1showsgoodagreementin thetimehistoriesfor thesimulationoutputvariablesusingthe
polynomialmodelsfor the longitudinalaerodynamicscomparedto usingtheHSRCycle2B tabular
aerodynamicdatabase.Thebiasin thestabilatordeflectionfor thepolynomialmodelsimulationrun
reflectsthetrim differenceseenatthis flight condition.In general,stateandcontrolvaluesfor trim
differ whenusingthepolynomialmodelsfor thelongitudinalaerodynamicscomparedto usingthe
HSRCycle2B tabularaerodynamicdatabase,becausethepolynomialmodelssacrificelocaldetailto
matchsignificanttrendsin theaerodynamicdatabasewithcompactpolynomialexpressions.
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V. Polynomial Model Specification Tables

The input data is limited to the modeled ranges as listed below:

-4<a<32

.24<M<2.6

0<q<1200

279080<GW<649914

-32<13<32

0< _LE<50

-40<8rE<40

O<Svs<90

0<Ssp<60

0.1 < hr <.932046

bw

O<Wo_ lWcl<1

-15<8_<15

-30<8e<30

0<SGEAR<90



Some components are built by placing special limits on certain variables as follows:

oq = -4<_<26

oc2 = -4<o_< 12

Mi = .3<M<2.6

M2 = .24<M<.65

M3 = 1.65<M<2.41

M4 = 1.6<M<2.6

131 = -6<13<6

132= -20<13<20

133=  3s(13)

1rE = 0<_rE<40

Dynamic pressure and gross weight were scaled as follows to better condition their magnitudes for the

polynomial fit routine:

qs=q/100

GWs=GW/100000



CD Model Definitio,n

CD =

where

CD_TOC + CD_HL + CD_SP + CD_GE + CD_US + CD_GR + CD_TAIL +

CD_Q * QHAT + CD_QD * QDHAT + CD_AD * ADHAT

CD_TOC = CDR + DCDE + CDBR + CDRJD

CD_HL = CD_LE + CD_TE + CDVFR

CD_LE = CDLE1R + CDLE1E + CDLE2R + CDLE2E

+ CDLE3R + CDLE3E + CDLE4R + CDLE4E

CD_TE = CDTEBR + (CDTE1R+CDTE1E)*KDTE1 + (CDTE2R+CDTE2E)*KDTE2

+ (CDTE3R+CDTE3E)*KDTE3+ (CDTE4R+CDTE4E)*KDTE4

+ (CDTE5R+CDTE5E)*KDTE5+ (CDTE6R+CDTE6E)*KDTE6

+ (CDTE7R+CDTE7E)*KDTE7 + (CDTE8R+CDTE8E)*KDTE8

IF M< 0.45 THEN

CD_SP = CDSP1R + CDSP2R + CDSP3R + CDSP4R

ELSE

CD_SP = 0.0

CD_GE = CDGR

CD_US = CD I_US + CD4_US + CD 12_US + CD34_US

CD_GR = CDLGR * KLLGR

CD_TAIL = CDDSR + CDDER + CDTHLR + DECDDS * DSTAB + DECDDE * DELEV

CD_Q = CDQR + CDQRJD + CDQTER + CDQLER + CDQE

CD_QD = CDQDR + CDQDE

CD_AD = CDADR + CDADE

The expressions for these variables are given in Table 1 for CD subsonic and in Table 2 for CD

supersonic.



Table 1 - CD Subsonic

COMPONENT MODEL

CDR C O + Cl(:t 1 + C20_12 + C3M + C4(z1M + C50_2M + C6 M2

DCDE

CDBR

CDRJD

CDLE1R

CDLE2R

CDLE3R

CDLE4R

CDLE1E

CDLE2E

CDLE3E

CDLE4E

Coqs-I-C,qsGWs+ C2q'sff.1+ C3qsff.lGWs+C4qsM,

+Csq,M,GW_ + C6qs_,M , + CTq_a_M,GWs

+C_, _+ c,_,_?cw, +C,o_?+Cl,_,%

Col32 + C,(:zl32 + C2_32M + C30_2M + C4a2_2 --FCsOt2132M

+C61_2M 2 + C7ff..1_2M2 + Csff.,2[_2M.2,,.+, C9_,:,'7" + Ctoff.[_22

C O + C1_ z + C2M 1 + C3{z_M _+ C4MI 2 + Cso_lMi 2 + C60L12

CO_LE ' -1- C10_LE ' -[" C2_LE, 2 -I- C30f,2_SLE, -F" C4C_LEI 2 -[- C5C_2_LE, 2

-FC6_LE 'M -1- C7_LE l _ITE _ + CSO_SLE 'M + Cg_LE ' 2M

"_t-CIoC_LE ' 2M + C 11(_,2_LE' M

C0_SLE:z "_- CIO[SLE 2 "t- C2_5LE22 + C3(X2_SLE2 + C40t._LE22 -t- C50[28LE22

+C6_LE2_S1TEt, + C7_LE M + C8Ct_SLEM + C9_SLE 2M + Cl0(/,_LE2 2M

C0_LE3 + CI(_SLE _ .z¢. C2_5LE32 + C30_2_5LE3 ._. C4(_LE32 d- C50_2_LE32

+C6_LE SITE R + C7_LE M + C80_LE3M + C9_LE32M + CIO_SLE32M

CO_SLE4 + CI_SLE 4 + C2_LE42 + C3_2_5LE_ + C40_SLE, 2 + CSO_2_LE, 2

+C6_LE 4M + C7_SLE' _lrr, + CSO_SLE"M + Cg_SLE' 2M

+C_0OtSLE, 2M + C_ _O_2_LE4M

C08LE ' -F CI(_tSLE ' -F C2qsSLE I -1-C30_lqsSLE t +C_M_SLE ' + Cs_M_SLE '

C0_SLEa + CIGWstSLE 2 + C2(_l_LE _ + C3MI_SLE 2 + C40[IMI_LE _

+c_ + C_GW_5,E_+C_,GW:5_ +C_,M,_L_

C0_SLE3 + C_GWs_SLE _ + C20_I_LE a "F" CaMIlLE a + C40_IM_LE 3

+c_ +C6_GW,_5_,+C7_,GW_ +C_,M,_

Co8_, + C,OqSLE ' + C 2q,SLE" + C3(:Z_q,St.E, + CaM_SLE ' + C_ot, M,SLE"
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CDTEBR

CDTE1R

CDTE2R

CDTE3R

CDTEAR

CDTE5R

CDTE6R

CDTE7R

CDTE8R

CDTE1E

CDTE2E

if 5Tr,v ° <0 or M>=0.3

0.0

else

CoM 2 + C_ctM/+ C2_2M2 + C30_2M2 + C4_2M2

+CsMz 2 + C60_M22 + C70_2M22

C0_TEI .at_CIO_TEI + C2_TEI 2 ..[_C3(]_TE 12_[_C4_TEt M

+Cso_STE _M + C6_LE L _TEI2

C0_TE 2 + C10_TE 2 "1- C2_TE2 2 "F" C30_,_TE22 q" C4_TE2M + CSCtSTE M

6 2+C65TE_ 2M + C78LE_ TE_ + CSCtSLELSTE_2

C0_TE 3 -[- CI(X_TE 3 -b C2_TE3 2 "_" C3(X_TE3 2 + C4_TE3 M + CstX6TE M

_bC6_LEL _TE3 2 + C7_TE32M

C06TE, + C,0dSTE4 + C26TE, 2

2 ++C68TE 4 M C78LELSTE, 2

"t- C3(3/._TE42 "1" C4_TE M + Cs0dSTE M

C0_TE 5 -[-CI0_TE 5 + C2_TE52 + C30_TE52 -}-C4_.rEsM + CsO_TEsM

+C6_.rE52M + C7_LER _TE52

C0(STE6 "]-CIO_,_TE' + C2_TE62 + C30_TE62 -Jr-C4(_TE6M + CS(X(_TE6M

+C6_SLE_8TE_2 + CT_STE' 2M

C0_TE 7 -1" CIO_TE 7 -_- C2_TE72 -F C3[_TE72 -1" C4&rz M + CsOdSTE M

+C6_TE72M + C78LEp 8TE72 + CS(3¢,.SLER _TE72

C0(STE s + CI_TEg + C2_STEs 2 + C30_TEs 2 +C4_TEsM

"["C50_TE s M -t.- C6_LE R _TE 82

C0_TE ' + CIO_I_TE _ + C2qs_TE ' + C3_lqs_TE + C4M16TE, + CsohM_STE '

+C6q,28_, +Cvq_M,SrE, +Csq_2M,'5_, +Cgot,q,=SrE,

C0{_TE2 + CI{_,ISTE2 dl-C2qsSTE 2 of"C30_lqsSrE2 "]-C4M,STE 2

+CsoqM18rz = + C6qsM18TE a + CTOqq,MiSrE `

9



CDTE3E

CDTE,4E

CDTE5E

CDTE6E

CDTE7E

CDTE8E

KDTE1

KDTE2

KDTE3

C08TE3+ CIlXtSl-E, + C2qsSTE _ + C30q qsSrE, + C4M18TE _ + Cs_1M18re 3

+C6qsM_STE _ + C7a _qsMlSrE, + CsGWsSTE _

C08TE' + CIM,6TE, + C2CqSTE' + C30qM,STE ' + C4GWsSTE ' + Csq_STE,

+C6q_GWsSTE, + C7oqGW_SrE ' + Csq,M,STE '

Co8_ + ClM18_, + C2oqS-m, + C30_1MI_TE s + C4GW_SrE ' + CsqsS_,

+C6q.GW.SrE, + CTOqGW, arE' + Csq.M,SrE_

C0(_.I-E6+ CIO_ISTE_ + C2qs(_TE6 + C3(/.lqs(_-m, + C4MI(_-rE6 + CsoqM,8-rE '

+C6q,MISa-E_ +C_alq,MISTE_ + CsGW,8_,

C08TE7 d)_CI(_ISTE 7 dr=C2qsSWE7 + C30_IqsSTE 7 + C4MISrE,

+Csa.IMIS.rE ' + C6q_MISTE ' + CTOqq,MISTE,

C08TE' + C_oqS_, + C2q,8_, + C3_Iq,STE ' + C4MISTE ' + CsoqMISTE *

+C6q,28TE, + CTqsM,STE ' + Csq,'M,STE ' + CgCX,q,'STE '

if M<.3 and 8_.>0

C081TE _ + C181TE23' Z + C20tS1TE_3' + C3aS1TE_3, 2 + C48LEL 81TE.,

+CsCXSLE_81rZ,_' + C68LE" 281TE_, + CTCXSLE"aS1TE,_, + 1

else

1.0

if M<.3 and 8TE,,' >0

C081TE,_' + CIS1TE,_' 2 + C2(xSla.E,,, + C30_ilTE,342 + C48LEL 81TE,_'

+Cs_SLE _81TE,3_ + C68LE L 281TEt_ + C70_SLE L 281TE,34 + 1

else

1.0

if M<.3 and 8TE,:' >0

C081rEt24 + C181TE,2,2 + C2(XS1TE,: 4 + C30_81TE,u 2 + C48LELSITE,u

2 1")'C5_LEL_ITE_z, "1- C6_LE L _ TE,24 +C7_iLg 2_ITE_:, + 1

else

1.0

10



KDTF_A

KDTE5

KDTE6

KDTE7

KDTE8

if M<.3 and _Sa-E,_3>0

Co_la.E,2, + C1_51_,232 + C20cSla.E,.._ + C30_1TEn32 + C4_LZL _ITEI:_

.-[-C50_LE_"51.rE,:_ + C6_LEL 2_ITE,:3 + CTO_LE L 2_l.rE,: 3 -.b1

else

1.0

if M<.3 and _5.rE_ >0

Co51.1_,, + CjSlrE_, _2 _[_ C20t_51a.E_,_ + C30_ITE,, _2 4- C4_LE R _ITE,, s

-FCs{_LE _1TE67sq- C6_LERE_1TE67gd- CT(_LER2_1TE67s "F 1

else

1.0

if M<.3 and _5_578>0

C0_lrE57 ' + Cl_lTE_Ts2 + C20_51TEr_ -t- C3t_ITE_,_ 2

-t-CsO_LER_lTEsvg q.-C6_SLER2_lTE57,+ C70_LER2_lTE57s "1-1

else

1.0

dr"C4_LE R_51TE_

if M<.3 and 5rr _ >0

Co_ITE _ + CI_ITE_ 2 + C20_ITE _ + C30_ITE_ 2 + C4_LER_ITE_

+C50_LER_ITEs_,s + C6_LEa2_lTE_ss + C70_LER2_ITE_s + 1

else

1.0

if M<.3 and _Srr_,7>0

Co_51rr_; + Ct_51TE_72+ C20_ITE_7 + C30_ITE_72 + C4_LER_ITE_7

+C50_LER_lTEs67 + C6_LER2_ITEs_7 + CTO_LER2_ITE_s7 + 1

else

1.0

11



CDVFR

CDSP1R

CDSP2R

CDSP3R

CDSP4R

CDGR

CDUS 1

KDUS1

if M<=.5

CoSy F + C11325vr + C2O_Svr + C3o_1325v_ + C,M28vF

+C551TE_vo _VF + C60_2_VF + CTO_M2_vF + C80_51TE^vo8W

+CgM2_51TEAva _VF + CI0(51TE^vo2_VF "F C I tct2M2_w

+CI2_M2_ITEAv_ _VF + C_3Ct_ITEAv_ 2 _VF

else

0.0

Co_sP _ + ClSl_^vc _Sp I "l" C2_Jlrz^v ° 2 _SPi ..]_ C30_Spt ..1_ C4_LEAvG _Spi

.q_C5_LEAv c 2_Spl + C6_sP, 2 .-t- C7_LEAv G _SP, 2

C05$p 2 q'- ClOc_sp 2 "1"- C20_25Sp2 -1- C351TEAv c 5sp, + C4C_51TE,_ 5sp_

"/t'Cs_LEAvt _Sp2 -I" C6_LEAvt 2_Sp2 -_ C70_LEAvG_Sp2 "at-C8_LEAvc_lre^vc _SSp'

C0_SP3 "FCl(/._$p 3 "+"C20_2_Sp3 "at-C3_ITE^v G_SP3 + Ca_lTE^vo _SP3

+CsSLE_o _SP_+ C6_SLE_o25Sp_+ CTO_SLE,_o_SSP_+ C8_SLE_o51rE,_o _SSP_

Co_Ssv' + C_51TE_= _SSp,+ C2_ITE^vG2_Sp, + C3(_(5sp 4 -+ C4_LEAvG_Sp,_

"+C5_LEAv 6 2_Sp ' -t- C6_sP ' 2 "1'- C7_LEAv c _Sp 4 2

if hr <0.932

b,,,

b_ - -2 -hr "12h_ h_ -I'- C5(g I i -4- C6(/.12

C° + Cl°_l +C2 +C3(gl _ww +C4_bw_ __-w.

h_

+CT_ITE'v° + C80qSITE*v°+ CgCq251TE*_o+ C_0_ITE*w b--_

+C_I{_{_ITE^v _ h, t..C120_]2 hr
bw bw

else

0.0

C O -]- Cl_ 2 + C2(_22 -.F C3_ I --F C4(x,2_ 1 + CsM 4 + C60_2M 4

Wos P -2

-I-C 2_ _ + CaM 3 + C4M 2

12



CDUS4 Co dr" CI0_2 "1- C2°_2 2 + C3_t .4. C4(_2_ 1 -I- CsM 4 + C6{x2M 4
,.,

KDUS4

CDUS 12

KDUS 12

CDUS34

KDUS34

CD I_US

CD4_US

CD12_US

I -2
- Wosp

C 0 --1- C 1 W°sp -t- C 2 "-[- C3M 3 + C4M3 2

Wcl 4 __c14 _

C 0 + CI(X 2 + C2M 4 + C3(x2M 4 + C4(_22 + C5(x22M4

--I-C6_ 1 --I.- C7M4 2 + C8_2M4 2

-2 - -2

wo , Wo ,C o+C_ w°_' +C2M 3+C 3 +C4 M3+C5 _ M3
Wcl,,2 _'_2"_ I Wcll,2 _Wcll,2.

C 0 + CIO_2 + C2M 4 + C3(x2M4 + C4(X,22+ C50_22M4

+C6_ 1+ C7M42 + C8(_2M42

-i2 - 2

-Wo , Wo , Wo,,C o+C 1 W°_' +CzM 3+C 3 C4 M3+C 5 M3
WC13:4 "_4 "1"_ . . Wcl3: .Wcl3,4 .

if flus 1= 1 and flus2= 1

0.0

else if flus 1= 1

KDUS 1*CDUS 1

else

0.0

if flus3=l and flus4=l

0.0

else if flus4=l

KDUS4*CDUS4

else

0.0

if flus 1= 1 and flus2= 1

KDUS 12*CDUS 12

else

0.0
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CD34_US

CDLGR

KLLGR

CDDSR

if flus3= 1 and flus4= 1

KDUS34*CDUS34

else

0.0

C O .-1-Cl0_ l -t- C20_l 2 .-1- C30_l 3 dr- C40_l 4 .-I,- C5(D_l 5

C O q.- CI_GEAR "l- C2_GEAR 2 "4- C3_GEAR 3

Co_ s + C_ct,5_ + C26s 2

CDDER Co5, "[" ClO_l_ e -[- C28e 2 "-[-C30_l_e 2 --1- C4M_e 2 + C5M_5 _ + C6o_1M_ e

CDTHLR

DECDDS

DECDDE

if M<.65 & 5TE,,,.,,:;>0.0 & 5_-=0.0

C0_s_TEAv G -I- CI_TEAv G q'- C20_TEAv G "l- C3(X2_TEAvG

_[_C40_3_TEAvG _1_ CS_TEAvG 2 .._ C60_,_TEAv G2

2 C 2+C7¢X25TE_vo + 85s _iTEs_o+ C90t_5_2_rE.vo

else

0.0

+ + + +CA? +

+C6q_GW. + CTq.M,GW. + Csq.GW. 2 + Cgq_M,GW, 2

+CloOq qsGW . + C_,oq qsMiGW .

Coq _ + C,cz, qs + C2q,M , + C3¢xlqsM , + C4qsMl 2

+Cs0¢,q_M12 + C6qsGW s + CTq_M,GW_

C O+ C,(x + C2M + C3_/I + C4 M2 + C5_M 2CDQR

C o + C_(x1 + C2M , + C3MI 2 + C40_lM 1 + Cs0_IMI 2Cr RJD

CDQTER

CDQLER

CDQE

CDQDR

C0_STEsvo+ CtMtSTEs,,o + C2M2(_TEAvo + C3(XI(_TEAvG

+C40_IM_TEAv ° + C5_IM2(_TEAvo

C0_LEAv G "1- CIO_I_LEAv ° "at-C2M_LEAv °

Coq s -'1"-C10_t q s -J¢-C2qsM 1 -I¢-C30_1 qsM 1 -[- C4qsGW $ -1- C50_,,qsGW s

+C6qsMl 2 + CT_lqsM12¢ +,C8q$ 2 + Cgqs2Ml + ClolX.lqs 2

C O+ C,0_ l + C2M _ + C3_lM l + C4MI 2 + Cso_IMI 2 + C6MI 3

14



CDQDE,

CDADR

CDADE

Coq_ + C,OClqs + C2qsM, + C3oqq,_M_ + C4qsM, 2 + Cscx, q_M., 2

+c_._GW_+C.,a,_GW,+ Cs_,M,GW_+C,o_,_M,GW.

+Ctoq_M, 3 + CtlqsMl2GWs

C o + Cto q + C2M l + C30qM 1 + C,,.MI 2 + Cs0qMt 2

Coq,+ Cicxtq_ + C2M, q, + C3(IIM, q s + C4Ml2qs + Csc¢,Ml2qs

+c,_,_w, +C,MI_6w, +C,M,3_,+ CgCZ,_,_W,

+C,o(Z,M, qsGW, + C,,Ml2qsG w,

15



Table 2 - CD Supersonic

COMPONENT MODEL

CDR Co + C10_ l + C20_ 2 + C3M + C40_lM + C5_12M + C6 M2 + C70¢)M 2

DCDE

CDBR

CDRYD

CDLE1R

CDLE2R

CDLE3R

CDLE4R

CDLE1E

Coq s -_- ClqsGW s --_.-C2qs(_ ' -]-- C3qsC_lGW s dr- C4qsM 1

+cA,a,M, +C  ,a,MIGW 

=_-Cgqs20[,l de" Cl0qsO_l 2 "1- C!l q sl_12GWs -Jr= C,2,qs2M,

C013 2 + Cl{/,[_ 2 + C2[_22 + C30_1_22 + C4[_2M + C5152M2

+C6cz132M+ C7(x132M2 + C8cz2132

C O+ C_(z_ + C2M _ + C30tiM 1+ C4Ml 2 + Csct_Mj 2 + C6(Zl 2

C08LE ' + C1MSLE ' + C2OtSLE ' + C3MCZ_LE ' + C4M2_LE, + CsM2t_SLe,

+C60_2_LE, + C7M0t2_LE_ + CsM3_LE_ + C9_LE ' 81rE, + CIoMSLE, 81rE

C08LE 2 + CIMSLE 2 + C20_SLE 2 + C3M(XSLE 2 + C4(X28LE_

"I'-C5M(Z28LE 2 -I"C68LE 281TE _ + CTMSLE t 81rE"

C0_LE 3 + CIM_LE 3 q" C2(_LE 3 "F C3MO_LE 3 + C40_,2_LE3

+CsMO_2_LE 3 -)- C6(SLE 3 _ IrE _ + C7M_LE; (51TE

C08LE ' + C_M6LE ' + C20{.SLE ' + C3Mo_(_LE" + C4M2(_, + C5M2(I_SLE,

+C6_2(_LE, + CTMO_2(_LE", + CaM3t_LE, +Cg(_LE _l-rE R+ CI0MSLE 81rE"

C08LE ' + CIMISLE ' + C20_ISLE, + C3u, IMISLE , + C4qsSLE '

+Csq,M_SLE, + C60qq,8, _,

CDLE2E C08LE2 ..].C1Ct,I_SLE2 de.C2q$SLE2 + C30[ IqsSLE2

CDLE3E C08LE, + C)(_SLE _ + CEq,SLE _ + C30qq,SLE _

CDLE4E

CDTEBR

CDTE1R

C0(SLE ' + CIM18LE ' + C2(_ISLE 4 + C3ctIMISLE 4 + C4qsSLE 4

+Csq,M,SLE ' + C6_lqsSLE4

0.0

C08TE ! =1=CIOf,STE' "F C2(51--E12+ C3C/,STE2 =1_C48TEl 2M

+CsO_STE' 2M + C6_STE' M
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CDTE2R

CDTE3R

CDTE4R

CDTE5R

CDTE6R

CDTE7R

CDTE8R

CDTE1E

CDTE2E

CDTE3E

CDTEAE

CDTE5E

CDTE6E

CDTE7E

C08TE 2 "[- CIO_TE 2 "k C2_TE22 "[- C30_TE22 "[- C48TE M + C58TE 2M

+C6(/,_TE 2 2M + CT0t_TE 2M + C8_LE L_TE 22 _[_ C90_LEL _TE2 2

C0_TE 3 4- CIO_TE 3 + C2_TEs 2 + C3_TE32 + C4_-CEs2M

+C5cz6_ 2M + C66_ M

c0(STE,_ -b" CI(_TE 4 + C2_TE42 "[- C3(_TE, 2 "1" C48TE M + CS0_STE M

C0_TE s + CIO_TE 5 + C2_ ,TE52, q'- C30(,_TEs 2 + C48TE M + CSOd5TE M

C0_TE 6 + CIOf,_TE 6 + C2_TE62 + C3(X,_TE62 + C4_TE62M

+CsO_TE 62M + C6_TE6M

C0_TE 7 + CIO_TE 7 + C2_TE72 + C30_TE72 + C4_TE7 M + CS_TE72M

+C60¢_5TE 72M + C70¢_TE 7M + C8_LE R_TE72 + C90(,_LE R _TE72

C0_TE 8 "4- CIOf,(STE s "F C2_TE82 "1- C30t,_TEs 2 "at"C4_TEs2M

+C50_5TE82M + C6_TEsM

C0fiTE, + C,M,fiTr, + C20f, I_TE , "b C3qs_TE l q" C4_IMI_TE,

--2
+Csq M,STE,+ C6cqq Srz, + C q 23rE,+ C80q 8¢E,

C0fiTE ' + C:XtSTE ' + C2q_6TE_ + C30qq_SrE _ + C4MISTE _

+Cs_IMI(_TE2 + C6qsMI(_TE 2 + C7_ Iq_MiSrr_

C0_TE 3 + CI(/,I_TE _ + C2MI(_TE 3 + C3(::zlM:STE _ + C4qs(STE 3

+C,c_,q_rE_ + C6q_M,STZ , + CTOhq.M,SrE ,

C08TE ' + ClMlSn_ ` + C20qSTZ ' + C3{z1MISTE ' + C4qsSTE `

+Csq,M,STz, + C60q q,Srz,

c0(STE 5 + CIMI_TE 5 + C20_li_TEs + C3c_IMI_TE 5 + C4qs_TE 5

+

CoS-rE ' + C_¢x_STEo + C2M_8-rE _ + C30_MISTE 6 + C4qs(STE e

+C,oqq.ST_ _ + C6q.M,ST_ _ + CTa, q.M, ST_'

C08TE 7 -b CI(/,18TE7 "Jr"C2qs(STE 7 "k C3(_IqsSTE, -1- C4MISTE 7

+CsoqM 8TE,+ C6q M ST , + CTtx,q M STE 
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CDTE8E Co8_ _ + CIM,8_, + C:a)8.m, + CsqsS_ _ + C4(x1MISTE '

+Csq,M,SrE , + C6eq q,8-m, + C7q,28-rE, + CSCz,q,ESTE '

KDTE1 1.0

KDTE2 1.0

KDTE3 1.0

KDTEA 1.0

KDTE5 1.0

KDTE6 1.0

KDTE7 1.0

KDTE8

CDVFR

CDGR

CDUS 1

KDUS 1

1.0

0.0

if h_ <0.932
bw

h r h.. " h_ - 2 "h, -2

Co + C'oq + C2 _ + C3¢z' _b,,, + C4 .'b-f_ + C50('1 _'_w "1- C6c_12

+C781re_ ° + CsoqSlrE_ o + C90q281TE_c + C,081rE^_o h--L
b,_

h r +C12¢Xl 2 h_
+C' #lSl'nsA"_ b,,, b_

else

0.0

C O+ C)o_2 + C2(x2 2 + Cs[31 + C4tx:[31 + C5M 4 + C6o_2M 4

- -2

C o+C lw°SP +C 2 W°s_ P +C3M 3+C4M3 2

Wcll _ Wcll

CDUS4 C O-t-Ci0_2 -]-C212_,22 -1-C31_1 -st-C41_2_ 1 -]"C5M 4 + C60_2M 4

KDUS4 - -2

Co+ cxw°sP + WospWc,--7c, + C3M 3 + C4M3 2
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CDUS 12

KDUS 12

CDUS34

KDUS34

CD I_US

CD4_US

CD12_US

C O + Clo_ 2 + C2M 4 + C3_2M 4 + C4(_22 + C5(_22M4

+C6_1 + C7M4 2 + C8(z2M4 2

-2

C 0+C 1 W°Sp +C2M 3+C 3 W°Sp

Wcl_.2 _Wcl,.2.

- -2

all"C 4 W°sp M3 + C 5 W°s-------_P M 3
Wcll ,_ _Wcll.2.

C O + CI(_, 2 -]- C2M 4 + C30_2M 4 + C4(x22 + Cs(Z22M4

+C6_ 1 + C7M42 + C8(z2M42

C 0 + C l W°Sp + C2M 3 + C 3
Wcl3, a

- -2 - -2

W°Sp + C, W°sp M 3 + C 5 W°SP M 3

.Wc13,4. Wclx'* W----_3.4

if flus 1= 1 and flus2= 1

0.0

else if flus 1= 1

kdus 1*cdus 1

else

0.0

if flus3=l and flus4=l

0.0

else if flus4= 1

kdus4*cdus4

else

0.0

if flus1=1 and flus2=1

kdus12*cdus12

else

0.0
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CD34_US

CDLGR

KLLGR

CDDSR

if flus3= 1 and flus4= 1

klus34*clus34

else

0.0

C 0 -.t- Clo_ 1 --I.-C2(Y.l 2 dr- C3_13 .-I- C40_i 4 --I- C5(Xl 5

C O -.I.-Cl_GEAR + C2_GEAR 2 '+ C3_GEAR 3

Co8,, + Cjct_8, + C.,8_: + C3M8_ 2 + C4M8 S+ Cstx_M8 s

+C6M28_ + C70qM28_ + Cstx_8_ 2 + C90q28_

CDDER Co8_ 2 + C1(5 e + C2(glSe + C3M_e 2 + C4M8_ + CsoqM8 _ + C6M2_e 2

.+C7_e 3 q.- CsMSe 3 + C90_l_Se 2 -F- C,otXiMS. 2 + Ctl{ff, l_e 3 -t.- C12M2_e

CDTHLR 0.0

DECDDS

DECDDE

CDQR

CDQRJD

CDQTER

CDQLER

CDQE

CI_DR

Coq s -]- Cl_lq s .-[-C2qsM,-I-C30_lqsM 1 -._- C4qsGW s + CsqsGWs 2

+C60_,qsGW s + CTo_,q_GWs 2 + Csq_M,GW _ + Cga, qsM,GW s

+C,oq_ 2 + C,,q_2M, +C,20_,q_ 2 + C,3(7.,q_2M,

Coq _ + C,0qq_ + C2q_M , + C,0qq, M l + C4q,M, 2 + Cs0qq_Ml 2

C 0 "F Cl(_ "l- C2M + C3(tM + C4 M2 + Csl_v'I 2

C O --I- Cl(_.., l .-F C2M 1 + C3{giM l + C4MI 2 + C50t, iMl 2

C08TEmc + CI_ISTE^v c + C2MSTE^v C + CsM28TE^vG

-_'C40_I28TEA.¢t3 -{'- Cscx_MSTE,v °

C08LE^v c -I'- CIMSLE^v c + C2C[,18LE_vG + C30_IMSLE^v G + C4M28LEAv_

2M
-t"Cs{ff,12(SLExv,z + C6{X, 1 8LE^v G + C7(XlM28LE^vc.3

Coq, + Cicz,q,+ C2q_M, + C3alq,M, + C4qsMl 2 + Csoqq_M, 2

+C 6_2 ,+ C7cq _2 + C8 _s2M,......+C90¢ ' _2Mi

C O + CI(E 1 + C2M 1 + C3(x1M 1 + C4MI 2 + C5_1M12 + C6MI 3
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CDQDE

CDADR

CDADE

Coq. + CIq.M, + CEq.GW. + C3(:z,q. + C4(::z,q.M, + Csq.M, 2

+C60_,qsOW s + C7qsMIGW s + Csoq q,M,GW, + C9£t,qsM, 2

C 0 + CiM l + C2_ 1+ C30_lM I + CaMi 2 + Cs_!Mi 2 + C6M13 + CT_lMl 3

Coq , + C,M,q, + C2oqq , + C3cciM,q , + C4M,2q, + C,M,3q, + C6q. 2

+CT(::z,q.' + C,M, q.' + C90qM , qs' + C,o(::z,M, 2q. + C,,(:z,M,' q.
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Table 3 - CD Coefficients

Coef.

No.

Co

Cl

C2

C3

C4

C5

C6

C7

C8

C9

Clo

C11

C12

cdr cdr

subsonic supersonic

5.9219e-02 -8.0589e-02

9.5047e-04 1.9460e-02
1 , ,

-1.3329e-04 2.2858e-03

-1.8197e-01 1.1758e-01

-3.3822e-03 -3.4610e-02

date

subsonic

4.9716e-04

-4.7350e-05

- 1.3906e-04

7.5707e-06

-2.8739e-04

dcde

supersonic

-1.2241e-03

2.7350e-05

4.5171e-04

-1.1873e-04

7.1919e-04

cdbr

subsonic

1.002%-04

5.7372e-04

-1.0153e-03

-9.4194e-04

-3.7646e-05

cdbr

supe_onic

-8.5215e-05

-1.2639e-04

5.5949e-07

-2.3421e-06

-9.2169e-05

1.0826e-03 -7.8366e-04 2.9740e-05 -2.2430e-05 6.7649e-05 5.5854e-05

2.5182e-05 -3.3708e-02 5.6199e-04 -2.4488e-04 6.3732e-04 1.4192e-04

1.4050e-01 1.1262e-02 -8.8712e-05 5.1301e-05 3.8071e-04 -3.5623e-05

1.3478e-05 1.1792e-04 -3.1641e-05 -7.5994e-07

-2.0756e-06 7.5504e-06 7.3141e-06

-8.7991e-06 4.7438e-06 -2.3888e-06

4.7975e-06 -9.9378e-07

-6.3682e-05

cdrjd cdrjd c_elr,cdle4r cdlelr,cdle4r c_e2r,cdle3r c_e2r,cdle3r

subsonic supe_onic subsonic supe_onic subsonic supe_onic

-5.7270e-04 -1.5929e-03 9.0645e-04 -4.0722e-03 1.5239e-04 7.0151e-05

5.4615e-04 1.2896e-03 -1.8575e-04 7.7580e-03 -3.7883e-05 -3.7045e-05

-6.3546e-04 4.8768e-04 -1.3703e-05 -3.6165e-04 -2.3624e-06 -3.1414e-05

3.9298e-04 -3.6035e-04 4.3387e-06 3.5365e-04 9.4538e-07 1.4906e-05

3.3680e-06 -4.5408e-03 5.9264e-07 4.6914e-07

-1.0585e-07 -7.7535e-05 -1.8780e-08 -2.2099e-07

-1.0705e-03 1.8830e-06 -6.1246e-07 -1.4816e-06

-3.4882e-06 -1.0365e-06 -1.7449e-04 8.1555e-07

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Cll

1.7998e-05

2.0647e-05

-1.4748e-06

1.5034e-06

8.2789e-04

-7.1393e-06

3.9299e-06

1.0243e-05

3.5193e-06

-2.5138e-07
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Coef.
No.

Co

C1

CE

C3

C4

C5

C6

C7

C8

cdle 1e,cdle4e

subsonic

cdle le,cdle4e

supersonic

cdle2e,cdle3e

subsonic

cdle2e,cdle3e

supersonic

cdtebr cdte 1r,cdte8r

subsonic

-7.4236e-06 1.1297e-04 -2.1361e-05 1.5152e-08 1.6661e-04 -5.4835e-05

2.9594e-06 -6.2130e-05 9.6410e-07 1.7750e-08 -2.0023e-05 1.6242e-05

-2.4083e-07 - 1.5354e-05 1.1712e-06 1.9086e-07 -3.5460e-07 9.1764e-06

- 1.4054e-06 7.7779e-06 1.9577e-05 - 1.2781 e-07 1.5430e-06 -2.9264e-07

1.021 le-05 -2.2682e-05 -9.7219e-07 -6.4475e-08 4.7669e-05

-5.7961 e-06 1.2828e-05 2.4939e-06 -2.8428e-06 2.0929e-05

-7.2170e-07 -1.9163e-07 1.8652e-06 -7.6617e-08

-8.2429e-08 - 1.1758e-07

-1.9740e-06

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

cdtelr,cd_8r

supersonic

1.5040e-04

1.3710e-05

1.7903e-05

-6.4307e-07

-6.3074e-06

2.5394e-07

-8.9039e-05

cdte2r,cdteTr

subsonic

-9.5935e-05

2.7638e-05

6.0800e-06

-2.2848e-07

7.8654e-05

3.6860e-05

8.6636e-06

3.3726e-08

cdte2r,cdte7r

supersonic

-6.6331e-06

4.8947e-05

3.0774e-05

-9.7416e-07

-4.5561e-06

-1.2430e-05

4.7494e-07

- 1.4704e-05

-1.1842e-08 1.4092e-07

-1.0066e-08

cdte3r, cdte6r

subsonic

-7.0579e-05

2.1135e-05

7.4315e-06

-3.6843e-07

6.5151e-05

2.4367e-05

-9.4854e-08

6.1801e-06

cdte3r,cdte6r

supersonic

2.4007e-04

1.8905e-05

2.7241 e -05

-9.7813e-07

-9.2713e-06

3.6701e-07

-1.3721e-04

cdte4r,cdte5r

subsonic

-7.4307e-05

2.2148e-05

7.8006e-06

-3.8881e-07

7.3818e-05

2.4195e-05

6.4751 e-06

-9.7378e-08
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Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

cdte4r,cdte5r

supersonic

3.0517e-05

4.8549e-06

7.8085e-06

-1.9725e-07

-2.4230e-05

7.2580e-06

cdtele,cdte8e

subsonic

-1.6543e-04

t.3674e-05

1.0131e-04

-1.0275e-05

2.5261e-04

-2.3430e-05

-7.9359e-06

-1.3942e-04

1.2244e-05

3.0802e-07

cdtele,cdteSe

supersonic

1.0380e-04

-5.9317e-05

-2.4379e-05

-5.3568e-06

1.1379e-05

2.1498e-05

-4.6441e-06

-4.4865e-06

4.0786e-07

cdte2e,cdte7e

subsonic

-2.2814e-06

1.9540e-06

2.0316e-06

-1.4201e-06

6.5929e-06

-5.4994e-06

6.9646e-06

-4.1926e-06

cdte2e,cdte7e

supersonic

2.0119e-05

-1.3522e-05

-8.7138e-06

5.6555e-06

1.1479e-06

-4.8393e-06

-6.1731e-08

1.8531e-06

cd_3e,cdm6e

subsonic

4.6035e-05

1.0695e-06

6.5186e-07

-3.8957e-08

3.4861e-06

-2.1043e-06

2.4078e-06

-1.6377e-06

-1.0019e-05

Coef.

No.

Co

Cl

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Ell

C12

C13

cdte3e,cdte6e cdte4e,cdte5e

supersonic , subsonic

cdte4e,cdte5e

supersonic

kdte 1 ... kdte8 cdvfr cdsp I r,cdsp4r

2.4696e-06 -1.1604e-04 2.8929e-05 3.4888e-02 4.4022e-06 1.1521e-05

-2.9897e-06 7.6189e-05 -1.5742e-05 -8.6820e-04 3.5729e-08 -3.8366e-06

-1.0593e-06 1.1452e-05 -3.4459e-06 1.3837e-03 4.3056e-05 8.0519e-08

1.2861e-06 -8.2810e-06 1.8206e-06 -2.5681e-05 -3.3941e-08 -8.7605e-07

4.0328e-06 1.3536e-05 -6.1965e-06 1.1135e-04 -5.8809e-05 3.2278e-06

-2.3819e-06 2.3683e-05 3.4897e-06 -2.2824e-05 1.4196e-05 -3A039e-08

-1.5251e-06 -2.7969e-06 -2.0391e-07 -2.2671e-06 -1.0516e-06 5.0025e-07

9.3386e-07 -1.2281e-06 4.6473e-07 3.7774e-06 -2.5958e-08

-1.5306e-05 -2.5740e-06

, 1.8412e-06

-3.7153e-07

-4.7406e-08

-8.1712e-08

6.5096e-08

24



Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Cll

C12

cdsp2r, cdsp3r cdgr kdus 1,kdus4 cdus 1 cdus4 kdus 12,kdus34

1.5617e-05 2.9981 e-03 -2.3087e+00 3.4825e-03 3.4825e-03 - 1.9080e-01

- 3.4764e-06 3.4557e-03 1.763 le+00 2.8075e-04 2.8075e-04 3.2603e-01

1.3285e-07 -4.8776e-03 -7.3588e-01 - 1.6264e-05 - 1.6264e-05 9.8605e-02

3.4086e-07 -8.0412e-03 2.2088e+00 2.9881e-05 -2.9881e-05 9.5825e-01

-4.8994e-08 2.5453e-03 -5.1743e-01 -7.4703e-06 7.4703e-06 5.3229e-01

2.2429e-06 4.1357e-03 -3.3996e-06 -3.3996e-06 -6.8509e-01

-2.8275e-08 -3.8036e-05 4.7876e-05 4.7876e-05

-3.0070e-08 -4.5810e-04

-2.0408e-08 6.9472e-05

-1.4859e-06

4.6541e-04

-4.2310e-05

6.8268e-05

cdus 12 cdus34 cdlgr kll gr cddsr cddsr

subsonic supersonic

1.3054e-02 1.3054e-02 8.9375e-03 1.1637e-02 -6.2723e-05 6.0706e-04

- 1.3663e-03 - 1.3663e-03 - 1.1045e-03 2.0340e-02 8.3582e-05 -2.5907e-05

-4.9325e-03 -4.9325e-03 7.2114e-09 3.2122e-04 5.4094e-05 9.4403e-05

1.4493e-03 1.4493e-03 3.0395e-05 -4.7576e-06 -2.0330e-05

3.5981e-05 3.5981e-05 -2.6043e-06 -5.5860e-04

-2.1621 e-05 -2.162 le-05 5.6633e-08 1.4743e-04

-3.4789e-05 3.4789e-05 1.0109e-04

1.0385e-03 1.0385e-03 -4.0162e-05

-2.5963e-04 -2.5963e-04 3.8116e-07

3.7865e-07

Coef.

No.

Co

C1

C2

C3

Ca

C5

C6

C7
C8

C9
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Coef. c6:ler
No. subsonic

CO -6.0282e-05
, ..... , r,

C 1 4.2918e-05

C2 1.3512e-05

C3 -2.8589e-07

C4 9.6399e-06

C5 1.2717e-05

C6 1.598 le-05

C7

C8

C9

ClO

Cll

C12

cdder

supersonic

C13

9.9308e-05

7.2054e-04

7.4928e-05

-7.4506e-05

-6.7445e-04

-1.6584e-05

1.5124e-05

-5.3848e-07

2.5261e-07

-5.0333e-07

2.7706e-07

-1.1587e-08

1.3989e-04

cdth!r

-1.2253e-05

-1.1381e-04

3.0203e-05

-1.5093e-07

-6.3081e-08

1.6253e-06

-1.2351e-06

6.4236e-08

1.1424e-07

-3.3343e-08

decdds

subsonic

7.8275e-05

2.3268e-06

-1.0821e-04

-5.4231 e-06

2.0027e-07

-1.0259e-07

-3.5364e-05

5.1913e-05

3.6291 e-06

-5.3765e-06

-2.2744e-07

5.5304e-07

decdds

supersonic

1.5313e-05

-7.8620e-06

-6.0513e-06

8.5240e-07

-1.6066e-06

2.1872e-07

2.2863e-06

-1.9307e-07

2.7764e-07

-2.3458e-07

3.7990e-07

-2.0912e-07

-2.2375e-07

1.2317e-07

decdde

subsonic

2.3305e-05

-7.3815e-06

-3.6279e-05

1.0376e-05

1.2367e-05

- 1.3130e-05

-2.8975e-06

4.2925e-06

cctr atar cdqr_ ca_ c0q_

supersonic subsonic supersonic subsonic supersonic subsonic

1.7225e-05 -2.5792e-02 -9.7690e-02 -2.6317e-03 2.2861e-02 3.4956e-03

-3.7181e-05 5.1515e-02 1.6174e-01 -3.1118e-04 -3.1525e-03 -6.8093e-03

- 1.0351e-05 9.1943e-04 6.8926e-02 -1.0512e-02 -1.4835e-02 8.533 le-03

2.7587e-05 -3.4933e-02 -1.0649e-01 1.2443e-02 4.4804e-03 7.0473e-05

1.4967e-06 -6.3689e-03 -1.2868e-02 -6.8371e-04 2.7233e-03 -3.8260e-04

-5.3500e-06 5.0552e-02 2.0492e-02 7.8205e-04 - 1.1007e-03 5.14 !2e-04

-5.9794e-07

6.4630e-07

2.3347e-07

-2.4572e-07

Coef.

No.

Co

Ct

C2

C3

C4

C5

C6

C7

C8

C9
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Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

cdqter

supersonic

3.6960e-02

9.8227e-05

-3.0372e-02

6.6602e-03

1.0267e-05

1.3920e-04

cdqler

subsonic

-3.5260e-03

8.8006e-05

-6.9680e-04

cdqler

supersonic

-8.9443e-03

8.2710e-03

2.0163e-04

- 1.6126e-04

-1.7586e-03

3.3176e-06

-1.8262e-06

3.8451e-05

c_
subsonic

8.1090e-03

-4.9225e-04

-1.5790e-02

2.6739e-03

7.3624e-05

-1.0319e-04

9.2675e-03

-2.9902e-03

-5.1536e-04

7.8355e-04

1.7758e-05

supersonic

1.4972e-02

-5.8966e-03

- 1.0752e-02

3.7762e-03

1.9143e-03

-6.5585e-04

-5.1938e-04

1.5741e-04

2.1939e-04

-5.8357e-05

6.7590e-01

-2.4503e-02

-3.9194e+00

1.0239e-01

6.5547e+00

-1.1865e-01

-3.3274e+00

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Ell

C12

C13

C14

ca_r

, supersonic

-2.1926e+00

-1.4770e-01

4.0544e+00

1.2836e-01

-2.3325e+00

-2.8949e-02

4.2447e-01

subsonic

1.2008e-01

-3.5768e-03

-8.0980e-01

1.7735e-02

1.5708e+00

-2.6176e-02

1.3693e-02

-4.5505e-04

-5.3375e-02

1.4255e-03

supersonic

-6.0306e-02

6.3592e-02

1.0613e-02

3.3351e-03

-3.7466e-03

-1.6568e-02

6.8147e-04

-1.3293e-02

-2.7594e-04

9.1891e-04

cchdr

subsonic

-2.0381e-02

1.0751e-02

1.2194e-02

4.4749e-02

-1.3199e-02

-5.2587e-02

cdak

supersonic

3.4041e-01

-5.0497e-01

-1.3717e-01

1.862Ie-01

2.5090e-01

-8.605 le-02

-4.0661e-02

1.3362e-02

cchde

subsonic

9.1470e-02

-1.6115e-03

-6.3399e-01

1.5390e-02

1.2368e+00

-2.0895e-02

1.1622e-02

-4.4260e-02

-7.0891e-01

-5.5059e-04

-8.9595e-01 1.4663e-03 9.6198e-04

4.2345e-02 -2.8699e-04 3.5307e-02

-4.7178e-04

1.2749e-04

3.6870e-03
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Coef.
No.

Co

C1

C2

C3

Ca

C5

C6

C7

C8

C9

Clo

C11

cdade

supersonic

4.8073e-02

-1.2144e-01

2.1644e-02

-3.0100e-02

7.0890e-02

- 1.1859e-02

3.9332e-03

-3.5757e-04

- 1.6515e-03

1.5014e-04

1.4864e-02

-2.5143e-03
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CL Model Definition

CL =

where

CL_TOC + CL_HL + CL_SP + CL_GE + CL_US + CL_GR + CL_TAIL +

CL_Q * QHAT + CL_QD * QDHAT + CL_AD * ADHAT

CL_TOC = CLR + DCLE + CLBR

CL_HL = CL_LE + CL_TE + CLVR

CL_LE = CLLE 1R*CLLE 1ER + CLLE2R*CLLE2ER

+ CLLE3R*CLLE3ER + CLLE4R*CLLE4ER

CL_TE = CLTEBR + CLTE1R*CLTE 1ER*KLTE 1 + CLTE2R*CLTE2ER*KLTE2

+ CLTE3R*CLTE3ER*KLTE3 + CLTE4R*CLTE4ER*KLTE4

+ CLTE5R*CLTE5ER*KLTE5 + CLTE6R*CLTE6ER*KLTE6

+ CLTE7R*CLTE7ER*KLTE7 + CLTE8R*CLTE8ER*KLTE8

IF M< 0.45 THEN

CL_SP = CLSP1R + CLSP2R + CLSP3R + CLSP4R

ELSE

CL_SP = 0.0

CL_GE = CLGR

CL_US = CLI_US + CLA_US + CL12_US + CL34_US

CL_GR = CLLGR * KLLGR

CL_TAIL = CLTR + CLTHLR + (CLTR - CLTR_ZS) * CLHSE + (CLTR - CLTR_ZE) * CLHEE

CL_Q = CLQR + CLQRJD + CLQTER + CLQLER + CLQE

CL_QD = CLQDR + CLQDE

CL_AD = CLADR + CLADE

The expressions for these variables are given in Table 4 for CL subsonic and in Table 5 for CL

supersonic.
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Table 4 - CL Subsonic

COMPONENT MODEL

CLR Co +Clcc + C2M + C3 ct2 + C4ctM + CsM 2

DCLE C O -.I- CIO_ -.].- C20_ 2 dr. C3q s --]- C4(_qs + Cso_2qs dr C6M + C7otM

+C80_2M + C9GW s + Cjo_,GW _ + C_ _o_ZGW_+ C12Mqs

CLBR

CLLE1R

C O+ C10: + C2152+ C30_132+ C4M + C50_2

+C60_M + C70_2M + CsM 2 + c90_M2

C 0 -[- CI_LE ' d- C2_51.rE L + C3_LE I_51TE L + C4_1_ L2 + C5_LE, 51a.E_ 2

+C60c + C7(Z_ITE L + C8{]_LE I q- C90_LE _ITEL + C]oM

+CI15LE M + C12_51TELM + C13_LE _I_L M

CLLE2R C08LE_ + C18LE _M + C28LE281TEL

CLLE3R C08LE3 + C18LE_ M + C28LE381TE _

CLLFAR

CLLE 1ER

C O d-Cl_LE 4 + C251TER +C3_LE4_ITER + C4_ITER 2 + C5_LE4_ITER 2

+C60_ + C70_(51_ R + C80_4 + CgO_LE4(S1TEr_ + CIoM

+C_SLE M + Cl2_51rz _ M + C135LE _51rr _ M

Coq.+ C,txlq.+C2q.Ml+ C3Czlq.M,"1-C4qsGWs

--1-C5(_1qsGWs-Jr-C61_12qs-Jr-C7qs2-1-CsqsM1GWs+l

CLLE2ER Coq_ -Jr-ClO_lq $ -F C2qsGW s '1- C30_lqsGW s + C4qsM, + Csoqq_M,

+C6_,M_CW,+C_a,_sM,_W_+C_a,_,+Cg_,q_CW_+1

CLLE3ER CLLE2ER

CLLE4ER

CLTEBR

CLLE1ER

if _SrEAv_ <0 or M>=0.3

0.0

else

C0_TE^v C "t- Cl_2_TEAv _ d- C20_TE^v _ q- C30[2_TE^vc

.I_C4_TEAv O 2 .__ CS(]_TEAv G 2
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CLTE1R

CLTE2R

CLTE3R

CLTE4R

CLTE5R

CLTE6R

CLTE7R

CLTE8R

C08TE' "st- C18TE' M + C28_, 2 ..[..C3(X, STE ' + C48TE, 2M + CS_STE _2

C08TE _ + C18TE_M + C28TE _2 + C30_8TE2 .st_ C48TE22 M + C5(_,STE22

"["C6(_,STE22M + C7_STE 2M

Co8_ + C,STE M + C2(_TE32 "at- C3(_STE s dr" C48TEs 2M

C08TE ' + C_8_M + C2CZSTE' + C38TS : + C48TE42M + CsO_STE, 2

+C60_8-rE 2M

CoS-m, + C_STE M + C2CZSTE' + C38TE, 2 -[- C48T£ 2M + CsO_STE,2

+C6cx8_ 2M

C08TE, + C,STE M + C28_, z + C3¢XSTEo+ C48TE 2M

C08TE _ + CISTE M + C28TE, 2 + C3CZSTE, + C48TE72M + C50_8TE7z

+C6aSTE _2M + C70_STE M

C08TE _ + C18TE_M + C28_s ' 2 + C30_STEa _.1_C48T£s 2M + C5_8_ 2

+C6_STEsM

CLTE1ER Coq _ +C,q_ z + CzM, q"_ + 1

CLTE2ER Coq _ + C,M,q_ + CEM,2q'_ +C3q, 2 + C4q_GW _ + 1

CLTE3ER Coq _ + C,M1q _+ C2q_GW , + C3M,Eq_ +C4q, 2 +1

CLTE4ER Coq _+ Clq'_GW , + C2M, q _ + C3M,2q, +C4q_ 2 +i

CLTE5ER Coq _+ C,q_GW_ + C2M, q _ + CsM12q_ "]- C4qs 2 +1

CLTE6ER + + + +C,fi?+1

CLTE7ER Coq _ + C,M,q_ + C2M,2q_ + C3q_ 2 + C,,q_GW_ + I

CLTESER Coq .+C1q. 2+ C2M,q .+1
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KLTE1

KLTE2

KLTE3

KLTE4

KLTE5

if M<.3 arid 5TE_ >20

C O -]- Ct(x -_- C2_TEz34 -t- C3(X 2 -at- C4_LE L -{- C50_LE L

-_'-C6_TE23 ' q" C70_2_TE234 "]- 1

else

1.0

if M<.3 and _SrE,_' >20

C O + CIO_ -]- C2_TE,34 "Jr"C3(X 2 -_- C4_LE L -_- C50_LE L

-_-C60_TEI34 -I- C70_2_TE134 + 1

else

1.0

if M<.3 and _STE,:.,>20

C O -.]- CI(x -I.- C2_TEt2._ "at"C30_ 2 .at- C4_LE L + C50_LE"

"_-C60_TE,24 '4- C70_2_TE,24 "l" 1

else

1.0

if M<.3 and _5.rE,:_>20

C 0 --}- Clo_ .at- C2_TE,_ ' "+ C30_ 2 + C4_LE L -t- C50_LE L

+C6ctSTE,__ + C7(_2_.rE,_ + 1

else

1.0

if M<.3 and _5TE67s>20

C O--1.-ClO_ .-[-C2_TE678"{-C30_2 .4-C4_LE" + CSO_LER

-Jf-C60f,,_TE67s "F C7(_2_TE67s "F 1

else

1.0
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KLTE6

KLTE7

KLTE8

CLVR

if M<.3 and 8.rEs,_>20

C 0 -Jr- ClOf. dr- C2{_TEs78 -_- C3l_, 2 dr- C4{_LE R "l- C50f,{_LE R

+C60C8TE5_ + CTCC28mE,_+ 1

else

1.0

if M<.3 and 6,rE_ >20

C 0 -]-C10_ -]-C2_TE_s_ --}-C30_2 4- C46LE R "4-C5CtSLER

-]-C60/,_TE_s-st-CTCtE_TE_ -t- 1

else

1.0

CLSP1R

CLSP2R CogsP2 + ClCtSsp2 + C281TEA,.o8Sp2 + C3gez^vc fisP2

CLSP3R CoSsr3 + CICtSsl'_ + C281rE,,vo gsP3 + C38LE,,vogSP3

CLSP4R

if M<.3 and 8TE_,' >20

C O -at- Clo_ -at- C2_TE_7 "at'-C3lff.2 -4- C4_LE R "]- CS0_LE R

"_C60_,_TE_7 all- C7(_2_TEt_7 "1- 1

else

1.0

if M<=.5

CoSvF + ClaSv v + C281a-z^,,c 8VF + C30_ITEAv c (SVF + C4_ITEAvc2_VF

+Cs0_81rEA,, ° 28VF + C6_3_v F + C7ct_3_v F + C8_381.rE^,, _ 8v F

+Cga_3_ilTE,,vc 8VF + CI0_381TE,,,, cZSVF

else

0.0

CoSsP, + C_81TE^_o 8Sp, + C20t, Ssp ' -.1= C38LE^v( 8Sp,

CoSsP ` + CjSI_A,,_ 8sp, + C2O_Ssp' + C38LE^vGSSP,
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CLGR

CLUS 1

KLUS 1

CLUS4

KLUS4

CLUS 12

KLUS 12

CLUS34

KLUS34

CLI_US

C O+ C_ hrb,,,+ C2{xt + C30{12 -t.- C 4 "._whr _!2+ C soq _hr + C60q 2 hrbw

-hr -2
+C751TZ^v _ +C8 hr 51TEAvc+CgOt I +C,oOqSl_Av o

bw _"w

C O +Clo_ 2 + C2M 4 +C3_2M4 + C4M42 +C5_ 1 + C6_1M 4

+C7_1M4 2 + C81_2M4 2

- 2 ,- - Wosp - 2
C0 + Cl Wos P + C2 -W%, Wos p M3 + C5 M3

Wcl, _ +C'M3 +C4 Wcl, _'_cll.

C0 de. C1o_ 2 .at. C2M4 + C3_2M4 + C4M42 + C5_1 + C6_1M4

+C7_1M42 + Csot2M42

2 /Wo_ ]2

Co+c,wo .+cFwo .- c Wos.M,+c,Lwa:  4!M3Wcl, =LWcl4_ + C3M' + 4 Wcl, *

Co + cTc q + C=M 4 + C30_2M 4 + C4M4 2 + C50{2M42 + C6_ 1 -Jr- C7_1M4

12C 0+C 1 W°sp t-C 2 wOsP +C3M 3

Wcll,2 .Wcll,2

C 0 + Clo{ 2 + C2M 4 + C30_2M 4 + C4M4 2 + C50_2M42 + C6_ l + C7_1M4

-2

C O+C 1 W°sp t.-C 2 wOsr' +C3M 3

Wc13,4 _Wc13,4 _

if flus 1= 1 and flus2= 1

0.0

else if flus 1= 1

KLUS 1*CLUS 1

else

0.0

35



CIA_US

CL12_US

CL34_US

CLLGR

KLLGR

CLTHLR

CLHEE

CLTR

CLTR_ZS

CLTR_ZE

CLHSE

if flus3=1 and flus4=l

0.0

else if flus4=1

KLUS4*CLUS4

else

0.0

if flus 1= 1 and flus2= 1

KLUS 12*CLUS 12

else

0.0

if flus3= 1 and flus4= 1

KLUS34*CLUS34

else

0.0

C O + C1c_. 1 -I- C2{ff, l 2 -[- C30[.13 -1- C40_,14

C O-I-CI_GEAR -]-C2_GEAR2 -_-C3_GEAR3

if M<.65

CoklTE^v o + C_CdS1TE^__ + C2(g2_lTE^vc

+C3klTEAvo2 .}. C4_klTE^vc 2

else

0.0

Co +C,q, +C2M , +C3M, 2 + C4qsM , + C,q,M, 2 +C6q, 2 + Cv_ 2M,

Cok e + Clk s + C2Mk e + C3Mk , + C4k_k _ + C 5

+C6M + C7 M2 + CsOqk c + C9ke 2

Cok e + ClMk e + C 2 + C3M + C4M 2 + Cs{_lk e "l"C6ke 2

Cok s + C_Mk s + C 2 + C3M + C4 M2

C O+C,q_ +C2M , + C3qsM , + C4GW, + Csq_GW _
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CLQR Co + CIM + C2M 2

CLQRJD Co + CiM1 + C2M12

CLQTER CoSrE_o + CIMSTE_o + C20_ISTEAv_ + Csc_IMSrE_.

+C4M28-rE,_o + Cso_lMZSzeA,,c

CLQLER C08LE,,,,o + C#18LE,,,,o

CLQE

CLQDR

CLQDE

CLADR

CLADE

C O +CIGW s + C2qs +C3qsGWs +C4MI +CsMl 2

+C6Mlq s + CTMl:q, + CsMIGW _

C 0 + CIM l + C2MI 2

Coqs + C,M,qs + C2M,2qs + C3qsGW s + C4MlqsGWs

+CsM13qs + C6M,2qsGWs

C 0 + CIM 1 + C2MI 2 + C3M13

Coq s + C,M,q s + C2Ml2qs + CsMlSqs + C4qsGW s

+CsMiqsGW s + C6Ml2qsGWs
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Table 5 - CL Supersonic

COMPONENT

CLR

DCLE

CLBR

CLLE 1R

CLLE2R

CLLE3R

CLLE4R

CLLE 1ER

CLLE2ER

CLLE3ER

CLLE4ER

CLTEBR

CLTE1R

CLTE2R

MODEL

C O + C1_ + C2M + C3u, M + C4 M2 + C50_ 2

C O+ C_M + C2o_ + C3ot 2 + C40tM + Cs0t2M 4- C6GWS

+CTqS + CsqsGWS + Cgo_qs + C_oo_2qs + C_ ,M 2

C o + Ct_ 2 4- C2(x + C30_ 2 + C4M + Cs(xM
f |1

C0_iLE ' + ClgLE gl_ + C2_iLE, 2 + CflLE 2_1_ + C4gLE glrE, 2

C0_SLE_ + C,fiLE M + C2(SLE2_ITEL

C08LE 3 + CI_LE3 M + C2_LE _ITE R

C0_LE" + CI_LE _ITE a -4- C2_LE4 2 4- C3_LE 2_ITER 4" C4_LE _ITER 2

Co .+ + + +C, .CW.
4"C6qsM,GW s 4- C7qs2M, + C812,2q. + Cg_,2q.M, +1

Coq .+ C,cz,q. + C2q.M ,+ C3oqq.M ,4- C4qsGW s 4- CsO_lqsGW $

+C6q.M,GW . + CTOq q.M,GW , + C,oq2q. + CgOh2q.GW. +I

CLLE2ER

CLLE1ER

if 6TE^vo<0 or M>=0.3

0.0

else

C08TEAv G 4" CI[_2_TEAv G 4" C2C/-_TE^v G 4" C30_2_TEAvG

4"C46TE^vc 2 4" C50_TEAVG 2

Co_STE' + C_STE, 2 + C26TE M + C30f,(STE, 2 4" C4_SrE 2M

+Csot&rE '2M + C6_LEL_TEI 2

C0_TE 2 + CI_STE22 + C2(STE2M + C3(STE22M + C40_,6TE22

+C5(7._5TE 22 M + C6_LEL _TE22
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CLTE3R C0_STE_+ CI + C2_TE3 M + C3_TE3 2 -]" C4_ -_" CsM

+C6_TE32M + C7_LE L

CLTEAR C05TE, .at-C 1 -t.- CECf, --]-C3_TE42 -at-C4_LE L "]'- C50_TE,I "]- C6_TE4M

+C70t_ M + C8M + C9_TE 2M + CI0t_LE L

CLTE5R C0_STE_"[" El "1"C2{ff,, "]- C3_TEs 2 "1"C4_LER -l- CsO_,_TE 5 "1-C6_TEsM

+CT0_TEsM + CsM + C9_TEs 2M + C10(_LEa

CLTE6R C0_STE_ + Ct + C25rE M + CiSTE_ 2 + C4Ct + CsM

+C6_TE62M + C78LE R

CLTE7R C08TE, + C_STE, 2 + C25TE_M + C35TE, 2M + C4CZdTE,2

+C5(x8_72 M + C68LER 8TE72

CLTE8R Co_5.rE_+ CI_TE_ 2 + C2_TEs M + C30¢_5TE 82 + C48TE, 2M

+CsOtSTE _2M + C66LE_ _STE_2

CLTE1ER Coq +C,M,q +C2q_ 2 +C3Ml2qs + C4Mtqs 2 + CsqsGWs + 1

CLTE2ER Coq s +C_MIq s -at-C2qs2 + CaM_qs 2 + C4MI2q$ +1

CLTE3ER Coq , + C,M_q. + C2M,2q. + C3q. 2 + C4M,q, 2 + C,q_GW. +1

CLTEnER Coq + C,M,q _ + C2M,.2q_ + C3q,GW , + C.,M,q,GW_

+Csqs 2 + C6M, qs 2 +CTM12qs 2 4- Csq,26W, +1

CLTE5ER Coq. + ClM, q s + C2Ml2qs + C3q.GW. + C4M,qsGWs

+Csq. 2 + C6M1_. 2 + CvMt2q, 2 + Csq.2GW. + 1

CLTE6ER Coq, + C,Mtq, + C,,M,2q, +C3qs 2 + C4Mlqs 2 + C5qsGWs + 1

CLTETER Coq _ + C,M,q_ +C2q_ 2 + C3M,q_ 2 + C4M,2q_ +1

CLTESER Coq, + C,Mtq_ + C2q, 2 + C3Mt2q, + C4M, qs 2 + CsqsGWs + 1

KLTE1 1.0

KLTE2 1.0

KLTE3 1.0

KLTE4 1.0
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KLTE5 1.0

KLTE6 1.0

KLTE7 1.0

KLTE8

CLVR

CLGR

CLUS1

KLUS1

CLUS4

KLUS4

1.0

0.0

Co+ C_h_bw+ Cz°tl+ C3°q2+ C4 _h_ +C5oq g.f + C6oq2b,,h_ h_

-hr -2
+C751_,,_ + C 8 hr 61_o + C#_ + C_ocqSl_,, _

bw _'_w--w_

C 0 + Cl0t 2 + C2M 4 +C30_2M 4 + C4M42 + C5_ 1 + C6_IM 4

+C7_1M42 + C8_2M42

-Wo_, -? - .
C O + C I W°sp + C-, + C3M 3 C 4 w°_' M W°_

Wcl, .._cll'" + Wcl, 3 + Cs.Wcl, " M3

C 0 + Ct(z z + C2M 4 + C30_2M 4 + CaM42 + C5_ 1 + C6I_IM4

+C7I_IM42 + C80_2M42

C 0 -]'- C 1 -- _
W°s_ I" C IwOsP .2

2LWcl4 !WcI4

CLUS 12 Co + CI0_2 + C2M4 + C30_2M4 + C4M42 + C50_2M,I. 2 + C6_1 + C7_1M4

"W 2
KLUS12 Wos, +C ,,os ' ] +C3M3

Co + at Wcll,2 2 Wcll 2 ]

CLUS34 Co + C1_2 + CzM4 + C30_2M4 + C4M42 + C50c2M4 z + C6_1 + CT_lM4

KLUS34

[" W_ -12

+ C3M3 + C4 WOsp Ms + C5 Osp

Wcl 4 _'_'1c14"" M3

C O+ C t
- Wosp - 2

Wos. _.C 2 + C3M 3

W l ,4
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CLI_US

CL4_US

CL12_US

CL34_US

CLLGR

if flus1=1andflus2=1

0.0

elseif flusl=l

KLUSI*CLUS 1

else

0.0

if flus3=1andflus4=1

0.0

elseif flus4=1

KLUS4*CLUS4

else

0.0

if flus1=1andflus2=1

KLUS12*CLUS12

else

0.0

if flus3=1andflus4=1

KLUS34*CLUS34

else

0.0

C O -3L Cl_ I -_ C2(_12 + C3{3_13 --[- C40_14

C O n t- Cl_GEAR q" C2_GEAR 2 -1- C3_GEAR 3

CLTHLR 0.0

CLHEE Co + Clqs + C2MI + C3M_ 2 + C4qsMl + CsqsM_ 2 + C6q_ 2 + CTqs2M_

CLTR Co5_ + Cl_e + C2M_e + C3M_is + C4M2_e + CsM2_s

+C6cq5 o + CTCt_M5 e

CLTR_ZS Co_5e + CIM_ e + CEM2_e + C30_1_e + C4(xiM_e
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CLTR_ZE

CLHSE

Co8 _ + C_MS_ + C2M28_

CLQR

CLQRJD C O+ C_M_ + C2M_ z

CLQTER

CLQLER

CLQE

CLQDR

CLQDE

CLADR

CLADE

C o + C,M, + C2q _ + Csq_M , + C,,M, 2 + Csq_M_ 2

--FC6qs 2 -t- CTq 2M, + CsGW '

C O + C_M + C2M 2 + C3c_ + C4 Ms + C5o_M

C08TE^_c + Cl_18TE^vc + C2Mi_Avc + C3_IMSTE^vG + C4M2i_TE^vo

C08LE^v G + CI(_ISLE^v C 4- C2MSLEAv _ + C3_IMSLEAv C

.+C4M28Lr_vo+ CsMS8LE,,o

Co +Clq s +C2Ml + C3M, q_ +C4qs 2 +CsM, 2 -t-C6GW s

+CvM,GW_ + CsM, q, 2 + C?q,GW s + C,oM, q_GW_

C o + C_M I + C2Ml 2 + CsMl 3

Coqs + C,M, qs + C2qsGW s + C3M, qsGW s + C,,M,2q_ +Csq_ 2

+ + +

+C1oMI3q_GW_ + CllMiSq_ 2 + CIzM I q_
iiii ii ii i i nl

C O+ C_M_ + C2M_ 2 + C3MI 3

Coq .+ C,M,q, +Czq. 2+ C3M, q.2-_-C4qsGW s+ C,MIq.GW _

+C6M,2q. + CTM,"q.GW .+ Csq.GWs 2+ CgM,2q. 2

+C,oM, q.GW. 2 + C,,M,q, GW. + C,2M, q.GW. 2
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Table 6 - CL Coefficients

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Cll

C12

clr clr dcle dcle clbr clbr

subsonic supersonic subsonic supersonic subsonic supersonic

1.0054e-01 4.8982e-01 5.6163e-02 1.1293e-01 5.6051 e-02 6.4226e-03

5.295 le-02 7.571%-02 4.6063e-03 - 1.0245e-01 8.9949e-03 - 1.4252e-05

-6.2877e-01 -5.6808e-01 -1.6451e-04 4.6935e-03 1.0156e-05 -3.3965e-03

-3.7661e-04 -1.5382e-02 -9.6193e-03 - 1.8650e-04 - 1.6654e-05 -1.4412e-05

1.3316e-02 1.4745e-01 3.7497e-03 -3.8776e-03 -2.3730e-01 -3.1216e-03

-2.8594e-04 - 1.3392e-04 1.3848e-04 -6.8230e-04 1.5535e-035.7287e-01

-3.9151e-02 -1.6244e-04 6.6325e-04

1.6346e-02 4.5317e-03 8.0342e-04

-5.8377e-04 -1.1854e-03 1.9771e-01

4.1522e-04 -1.4122e-02-8.8192e-06

-2.9815e-03 -1.4829e-05

1.0648e-04 2.6243e-02

9.3621e-03

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Cio

Ell

C12

C13

clle 1r, clle4r

subsonic

cllelr,clle4r

supersonic

clle2r,clle3r

2.7460e-06

clleler

subsonic

clle Ier

supersonic

clle2er

subsonic

-2.2084e-02 -6.5994e-04 -9.3972e-05 3.7074e-01 7.5541e-01 -2.4595e-02

3.6096e-04 -1.9811e-04 -1.0425e-04 -3.3574e-03 -3.0410e-01 1.1791e-02

2.2293e-03 -1.9616e-05 4.9999e-06 8.0147e-01 -3.9872e-03 1.0930e-02

-1.0577e-04 3.2505e-06 -3.4768e-02 1.3171e-03 -1.8546e-03

-3.4500e-02 4.3033e-01

-1.7494e-02 -2.6123e-02

1.3214e-02 -6.4294e-02

-4.2284e-05 -2.2017e-02

1.9096e-06 3.8315e-03

5.5851e-05 -5.5917e-04

-3.1915e-06 -7.7566e-03 6.8555e-03 3.8656e-03

-2.6251e-05 -5.6702e-02 -1.6820e-04 -3.8236e-04

1.5001e-06 9.2589e-05 5.2038e-05

2.2757e-02

-1.0277e-03

-1.3004e-03

5.8728e-05
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Coef.
No.

Co

Cl

C2

C3

C4

C5

C6

C7

C8

C9

clle2er cltebr cltelr,clte8r cltelr, clte8r clte2r, clte7r clte2r,clte7r

supersonic subsonic ...... supersonic subsonic supersonic

1.8299e+00 -9.7125e-04 8.6132e-04 1.2165e-03 1.7015e-03 2.3313e-03

-1.1409e-01 -2.631 le-06 1.2553e-03 -8.1564e-08 1.8076e-03 - 1.5309e-06

-7.4914e-01 1.8796e-04 9.2933e-06 -4.0758e-04 -7.8642e-06 -8.3546e-04

4.7791 e-02 -4.4907e-06 -2.7650e-05 - 1.4370e-06 -7.2670e-05 9.5848e-07

-1.6187e-01 2.6131e-05 - 1.5404e-05 2.3484e-07 6.7824e-06 -2.7040e-06

1.3304e-02 - 1.8665e-06 -3.6291e-07 5.5306e-07 1.1983e-06 1.0783e-06

6.4301 e-02 1.7908e-05 - 1.1576e-07 -2.5211 e-06 - ! .7997e-07

-5.8455e-03 6.5106e-05

-9.5995e-04

5.2841e-04

clte3r, clte6r clte3r,clte6r clte4r,clte5r clte4r,clte5r clteler,clte8er clteler, clteSer

subsonic supersonic subsonic supersonic subsonic supersonic

8.8091 e-04 1.8202e-03 9.7202e-04 -2.2428e-01 -8.7618e-01

1.8996e-03 9.0955e-03 1.9310e-03 8.8848e-03 4.9579e-01

6.5007e-06 -6.1005e-04 -2.4213e-05 -5.2289e-02 2.8510e-02

-2.2121e-05 -3.288 le-05 2.7571e-06 -9.1565e-02

Coef.

No.

Co

Cl

Ca

C3

C4

C5

C6

C7

C8

C9

Ci0

-2.0608e-05 -3.9694e-04 -5.6745e-06 -7.7279e-03

- 1.7311 e-03 2.2544e-07 1.7631 e-03

1.3106e-05 - 1.0436e-06

-1.7685e-04

1.0359e-03

7.5750e-03

-9.3945e-05

-1.7135e-05

-4.3265e-05

-3.2641e-05

-2.5155e-04

1.7968e-05

-3.4814e-03

6.3299e-06

-I.0409e-05
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Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

clte2er, clte7er clte2er,clte7er clte3er,clte6er clte3er,clte6er clte4er, clte5er clte4er,clte5er

subsonic supersonic subsonic supersonic subsonic supersonic

- 1.2440e-01 -3.6939e-01 - 1.2520e-02 -2.2396e-01 8.5766e-03 -2.4342e-01

2.0179e-01 1.7334e-01 1.5205e-01 1.6443e-01 - 1.0270e-02 3.0050e-01

- 1.9642e-01 1.3727e-02 -7.8304e-03 -3.2604e-02 1.7398e-01 -7.8803e-02

1.8777e-03 -4.2553e-03 -1.6270e-01 4.7993e-03 -1.7891e-01 -1.3889e-02

-3.2643e-03 -2.5664e-02 5.5646e-04 - 1.9199e-03 6.4079e-04 3.9243e-03

-2.0166e-03 1.0454e-02

- 1.2270e-02

3.0480e-03

1.6703e-04

kltel.., klte8 clvfr clsplr,clsp4r clsp2r, clsp3r cl_ clusl

-5.8679e-02 -2.2179e-04 1.2785e-05 -2.2595e-04 4.2000e-02 5.9085e-02

3.4180e-03 2.4947e-05 -6.9706e-06 1.3677e-05 -1.3905e-01 -5.6163e-03

3.1059e-03 6.4251 e-05 3.0711 e-06 -6.4186e-06 1.6898e-02 -4.3552e-02

1.0141e-04 -3.1367e-06 - 1.8054e-06 - 1.5646e-06 -4.9589e-04 4.3868e-03

1.6769e-04 - 1.5558e-06 9.9442e-02 9.1933e-03

-4.6829e-05 7.9760e-08 -2.6616e-02 6.6405e-03

2.8386e-04 1.8686e-05 5.5258e-04 -6.1992e-03

-1.0138e-05 -1.1745e-06 1.8735e-03 1.4030e-03

-3.5464e-06 -1.6859e-03 -8.8610e-04

9.1624e-08 9.4809e-03

7.1719e-08 -3.2474e-05

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo
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Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

klusl,klus4 clus4 clus 12 klus 12,klus34 clus34 cllgr

-6.1262e-02 5.9085e-02 5.8104e-02 - 1.1046e-01 5.8104e-02 -7.1621 e-03
.T,

2.2921 e+00 -5.6163e-03 - 1.0288e-02 1.3650e+00 - 1.0288e-02 1.4238e-03

-1.2961e+00 -4.3552e-02 -3.6534e-02 -3.8050e-01 -3.6534e-02 6.3666e-04

3.0921e-02 4.3868e-03 8.7298e-03 5.8255e-02 8.7298e-03 -8.0061e-05

-3.7111 e-01 9.1933e-03 7.5025e-03 7.5025e-03 2.0237e-06

3.711 le-01 -6.6405e-03 - 1.8756e-03 - 1.8756e-03
i

6.1992e-03 -8.2218e-04

3.2070e-04

8.2218e-04

-1.4030e-03 -3.2070e-04

-8.8610e-04

kllgr clg cl_ clair clhse clhse

subsonic supersonic subsonic .... supersonic

1.1637e-02 2.2219e-03 9.3089e-03 2.9131e-04 2.2910e-03 5.7068e-02

2.0340e-02 4.4206e-03 8.4982e-03 -1.0352e-05 2.1758e-02 -5.0168e-02

3.2122e-04 8.6703e-04 -6.4653e-03 -1.1512e-06 -4.9145e-03 1.5114e-01

-4.7576e-06 7.5300e-04 -4.8329e-03 -1.7886e-05 1.8804e-02 -1.6449e-01

-7.9723e-06 1.3230e-03 1.2776e-06 -3.9263e-04 1.3736e-02

-6.1452e-03 8.1942e-04 -1.4217e-03 3.4255e-02

3.4856e-02 -3.3350e-05 -1.2118e-03

-3.0246e-02 1.4758e-05 9.2862e-04

-8.0998e-06 -3.2427e-03
,H

Coef.

No.

Co

Cl

q2
C3

C4

C5

.... C6

C7

C8

C9 -3.9150e-06

Coef.

No.

Co

C1

Ce

C3

Ca

C5

i-- ,.C6

clhee clqr clqr clqjdr clqidr clqmr

subsonic supersgn!c ' subsonic supersonic subsonic

9.8952e-02 2.6316e+00 1.9509e+01 1.1606e-01 2.4242e-01 3.9425e-04

-1.0529e-01 -1.7627e+00 -2.5402e+01 -6.4135e-02 -I.1064e-01 1.1832e-03

-1.9312e-01 2.5677e+00 1.1901e+01 8.7209e-02 1.7661e-02 1.3065e-04

6.5453e-02 -1.2214e-02 -9.8934e-04

-9.4892e-02 -1.8898e+00 -1.2621e-03

3.0318e-02 2.0536e-02 1.3329e-03

6.5953e-04
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I c7 I 20327e03I I I I I

Coef.

No.

Co

C_

C2

C3

C4

C5

C6

C7

C8

C9

Cio

clqter clqler clqler clqe clqe clqdr

supersonic subsonic supersonic subsonic supersonic subsonic

t .9133e-02 -2.0540e-04 - 1.7438e-02 -2.2330e-01 -4.3711 e-01 - 1.4138e+00

2.5656e-04 1.2622e-04 4.0049e-04 4.1876e-02 - 1.3899e-01 5.9047e+00

-1.9982e-02 3.0738e-02 4.2752e-02 5.7368e-01 -6.8424e+00

3.3952e-04 - 1.6147e-04 - 1.9619e-02 4.2806e-02

5.7418e-03 - 1.7107e-02 3.5279e-01 9.7907e-03

3.0853e-03 -1.1079e-01 -1.6189e-01

2.4324e-01 -2.3256e-02

-2.2051 e-01 8.9862e-03

-6.3241e-02 -3.7091e-03

- 1.4952e-02

6.3785e-03

Coef.

No.

Co

C!

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Ell

C12

clqdr

supersonic

-2.0583e+01

2.9072e+01

-1.3954e+01

2.2155e+00

clqde
subsonic

5.1812e-0t

-3.8712e+00

8.0037e+00

5.0636e-02

-2.1999e-01

-5.5251e+00

clqde

supersonic

1.7099e+00

-3.5159e+00

3.0842e-01

-4.5460e-01

2.4729e-01 2.3178e-01

2.2339e-01

-1.147%-01

cladr

subsonic

2.0791e+00

-5.8902e+00

1.1266e+01

-7.3914e+00

cladr

supersonic

-7.8755e+00

1.0685e+01

-4.9345e+00

7.6594e-01

clade

subsonic

4.6581e-01

-2.9345e+00

6.2990e+00

-4.3900e+00

2.5989e+00 3.2742e-02

-1.5249e-01 -1.9802e-01

2.0742e-01

-8.3622e-01

-3.6173e-02

1.8581e-02

9.9537e-02
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Coef. clade
No. supersonic
CO -7.6682e-02
CI 8.8681e-02
C2 -1.2074e-02

C3 8.9250e-03
C4 6.0598e-02

C5 -4.1791e-02
C6 -2.1345e-02
C7 7.0837e-03
C8 -2.9312e-03
C9 -1.7356e-03
C10 1,!475e-03
C11 -2.6219e-02
C12 2.7214e-03
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CM Model Definition

CM = CM_TOC + CM_HL + CM_SP + CM_GE + CM_US + CM_GR + CM_TAIL

+ CM_Q * QHAT + CM_QD * QDHAT + CM_AD * ADHAT

where

CM_TOC = CMR + DCME + CMBR

CM_HL = CM_LE + CM_TE + CMVFR

CM_LE = CMLE1R + CMLE 1E + CMLE2R + CMLE2E

+ CMLE3R+CMLE3E+CMLE4R+CMLE4E

CM_TE = CMTEBR + (CMTEIR+CMTE1E)*KMTE1 + (CMTE2R+CMTE2E)*KMTE2

+ (CMTE3R+CMTE3E)*KMTE3 + (CMTE4R+CMTE4E)*KMTE4

+ (CMTE5R+CMTE5E)*KMTE5 + (CMTE6R+CMTE6E)*KMTE6

+ (CMTE7R+CMTE7E)*KMTE7 + (CMTE8R+CMTESE)*KMTE8

IF M< 0.45 THEN

CM_SP = CMSPIR + CMSP2R + CMSP3R + CMSP4R

ELSE

CMSP = 0.0

CM_GE = CMGR

CM_US = CMI_US + CM4_US + CM 12_US + CM34_US

CM_GR = CMLGR * KLLGR

CM_TAIL = CMTR + CMTHLR + (CMTR - CMTR_ZS) * CMHSE

+ (CMTR - CMTR_ZE)*CMHEE

CM_Q = CMQR + CMQLER + CMQTER + CMQE

CM_QD = CMQDR + CMQDE

CM_AD = CMADR + CMADE
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Theequationsfor thesevariablesarecomputedin Table7 for CM subsonicandin Table8for CM
supersonic.
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Table 7 - CM Subsonic

COMPONENT MODEL

CMR C o + C,M + C2_ + C30_M + C4 M2 + Cs0_M: + C6 M3 + C7(I 2

DCME

CMBR

CMLE1R

C o +C,q s +C2ot + C30_qs +C4GW s + CsqsGWs

+GM + CTe GW + + Cga ,GW 

+C,o M2 + C,,M2q_ + C,2ct 2 + C,3(zM + C,4(_2M

Co_3 2 + Cll_32M + C2(z,[_3_ + C3(z,1332M + 2 z9 C4_ 3 M +C5_,1332M 2

C0_LE ' + C,O_6LE' + CESLE M + C3_LE M + C4_2_t.E, + CS_2_LE M

-FC6_LE M 2 +C7_LE _ITE L +C8Ct_LE _ITE L +Cg_LE, 2

CMLE2R CO_LE 2 "+"C,(3t._LE, "[" C2(_2_LE 2 .at-C3_LE 2M + C4(X6LEtM + C50_2_LE M

CMLE3R CO_LE 3 + CI(X_LE 3 q" C20_2_LE 3 -at- C3_LE3M + C4tXSLE_M + CsOC2_iLE_M

CMLE4R C0_LE ' -t- CICt._LE 4 -}- C2_LE4M + C3(X_SLE4M + C40_2_LE4 + CsO_2_LE4M

+C66Lr ' M 2 + C78LE,_51_E. + C8_SLE,_51TE. + C95LE, 2

CMLE1E C0_SLE' + C_ q_SLE_ + C2M_LE ' + C3M _q_SLE' + C4GW,_SLE '

+Csq_GW_SLE_ + C6M_25Lz, + CTM_2q_SLE,

CMLE2E

CMLE3E

CMLEAE

CO_LE 2 "[- Clqs_LE 2 "at"C2GWs_LE _ + C3qsGWs_LE 2

+C4MI_LE: + CsM , qs_LE_ + C6MIGWs_LE _

+CvMtq,GW_SLE ' + CsM I'Z_LE_ + C9M,2qs_LE,

C0_LE 3 + ClqsaLE , + C2GW, SLE_ + C3qsGWs_SLE_

+C4M_LE ' + C5M_ q_SLE' + C6M_GW,_SLr '

+CvM, qsGWsSLE, + CsMI2_LE_ + CgMI2qs_LE,

C0_5LE 4 "{- C lqs_LE, "t" C2MI_LE ' + C3M, qs_LE._ "1- C4GWs_LE '

+
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CMTEBR

CMTE1R

CMTE2R

CMTE3R

CMTEAR

CMTE5R

CMTE6R

CMTE7R

CMTE8R

CMTE1E

CMTE2E

if 6rEAr°<0 or M>=0.3

0.0

else

CoM2+ C_ocM2+ C2M2 2 -I- C3(x2M2 -I- C4_M2 2 -I- C5[_2M2

+C6_2M22 + C7o_2M2 + C80_2_2M2 + C9[32M22

C08rz ' + C18TE' M + C28TE ' 2 + CstXSrE, 2 + C4_TEI 2M

+C50_, + C60t_TE ' 2M + C7C_TE tM

C08rE 2 + C18rE2M + C28rE22 + C30_8TE22 -I- C4(/,_TE 2

"I'Cs_TE23+ C6_TE_2M + C7(X_TE22M

Co_STE3 + C,_TE3M + C20_STE 3 + C3{5TE3 2 + C4_TE32M

+CstXSTE52 + C6(XSTE32M

CoSTE ' + C_STE M + C26_M 2 + C30f._TE 4 -I'- C40_STE4M

+C58TE ' 2 + C6_STE 42M + CT_STE ' 2M2

CoSrE s + C,STE M + C25TEsM 2 + C30_STE s + C4(XSTEsM

+C55TE s 2 + C65TE52 M + C7_TEs 2M2

C08_ + CISTE°M + C20_STE ' + C38_, 2

.,.[..Cs0_TE62-'bC6(_,,_TE62M

+ C4_TE62M

CoSrE: + CISTE M + C28TE72 -1- C3(_,{5TE7 2 q- C4(ff.STE 7

_I..C5_STE 7 3 "l- C6{STE 72M + C7o_Srs: 2M

C08TE ' + C,STE ,M + C28a-E, 2 "F C30_.STEs2 -F C48TE ' 2M

+CsO_STE ' + C60_STE82M + C7(3¢.STEsM

C08rE, + Clq_SrE, + C2MISTE, +C3M128TE, "]'C4q$28TE,

C08TE1 +C,q$SrE: +C2M,STE_ + C3M, qsS-rE2 + C4M,28TE_

+ C GW 8= + +
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CMTE3E

CMTFAE

CMTE5E

CMTE6E

CMTE7E

CMTE8E

KMTE1

KMTE2

C05_, + CiMlS_, + C2M12_5_,+ C3GWs_, + C4qs_3 + CsM Iq_¢5_

+C6q,GW,_i_, + C7M_"q_6TE _ + CsM,GW,5_ , + Cgq_2_TE,

C0_TE 4 + C,Ml6-i_ 4 + C2GWs_TE ' +C3qs_TE4 + C4q_GW_5_,

+CsM, q_gTE,, + C6M,26_,, + CTM,Eq_5_,, + CsM,GW,6TE,

+CgM, q_GW_6_,

C05TE, + CIM15TE , + CzGWs_TE , + C3qsgTE, + C4qsGWs_TE s

+CsM1qs_TE_ + C6MI2_TE_ + CTMl2qs_TEs + C8MIGWsSTE _

+C9Mt qsGWs_TEs

C06TE° + C1Mx_TE_ + C2MI2_TE_ + C3GWs_TE ' + C4qs_TE 6 + CsMlqsSTE `

+C,qsGW,_, '+ CTMI'q:5_, + CsM_GW, CST_,,+ C9q,25_,

C0_STE7 + ClqsS_, + C2Ml_i_, + C3MIqs_TE , + CaMI2_TE7

C0_STE_ + Clq_STE, + C2M_STE ' + C3MI2_TE8 + C4qs2_TEI_

--2

+CsMIqs_TE8 + C6MI2qs_TEs + CTM1q_ _TE,
II II

if M<.4 and 5TE:_' >0

C051TE_, + CI_ITE2_ 2 + C2_ITE:_ 3 + C30_ITE2_ + C40_ITE2_ 2

+C50_ITE2_ 3 + C6_LEt _ITE_, + CT_2_ITE:_ + C80_LEL_ITE_34 + 1

else

1.0

if M<.4 and _rr,r, >0

Co_il_, + C_61rr_, 2 + C2_1TE_43 + C3(X_ITE_s4 + C4(Z_ITEt_42

+Cs£t_ITE_ 3 + C6_LE _ITE_ + C7(Z2_ITE_ + C8_LEL_I_ + 1

else

1.0
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KMTE3

KMTEA

KMTE5

KMTE6

KMTE7

if M<.4 and 5rE,2., >0

C051TE_2.,+ Ct_lTE,242 + C2_1TE,243 + C30_1.I;E,24 + C40_1TE,24 2

+C50_51TE_243 + C6_LEL_lTEI24 + C70_2_ITEIu + C8(Z_LEt_lTE,24 + 1

else

1.0

if M<.4 and 5TE,_ >0

C0_ilTE,, + C151rE,._ 2 + C2_1TE,23 3 + C30_ilTE,.3 + C40_ITEm 2

+CsctS1TE,_33 + C6_LEL 61rE,. + C7(X2_51TE_23 + CS(_LEL 51TE,. + 1

else

1.0

if M<.4 and 5TE,,_ >0

C0_51TE,7' + CI_ITE6n 2 + C281TE67s3 + C30_31TE6r_ + C40_ITE_.n 2

+Cs_lTE67s 3 + C68LERSlTE67a+ C70_2_ITE6._s+ C80_LER81TE6.r, + 1

else

1.0

if M<.4 and 8TEs_ >0

C081TE,78 + CIIS1TE_782 + C2_51TE5783 + C3_81TE,r 8 + C40_lTE57g 2

+Cso_SITEsTs3 + C6_LER_lTE_78+ C7tx2_lTE57s + CSIXSLE _1TE578+ 1

else

1.0

if M<.4 and _iTE_ >0

C081T_ _ + C,_51TE_ 2 + C2_51TEm3 + C30_ITE m + C4(X81TE_ 2

+Cs_ITE_ 3 + C6_LER_ITEm + CTtZ2_ITEm + CS(t_LER_51TEm + 1

else

1.0
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KMTE8

CMVFR

CMSP1R

CMSP2R

CMSP3R

CMSP4R

if M<.4 and 5a.E_,7>0

COS1TE_,7+ CtS1TE_,, 2 + C2_1TE_73 + C30_1TE_7 + C4_1TEs672

+C50¢_1TE5,73 + C6_LER_lTEs67 + C7_2_1TE_7 + C8(g_LER_ITE_s7 q- 1

else

1.0

if M<=.5

C0_VF + CI(g_VF + C2_ITE^vc _VF .'-bC3(g_ITEAv G 5VF + C4M2_vv

-bC5(_2_VF -b C6_2_VF -[- C7M22_VF + CsctM22_VF

+Cg_2_ITEAv_ _VF + CIO0_2_VF -I- C 110_2_SVF + ClzO_E_lTEj, vc _VF

else

0.0

Co_sp, + CjSlvEAvo _SP, + CECt_SsP,+ C3tXSI_Av_ _sP, + CaSlrr^vo 25sp,

+C5_s!,12 +C6_ITE^v c _ 2 2 5

CoSsP2 + CICtSsP2 + C2_ITE^v_ _SP2 + C30_ITEAv_ _SP2

"[-C4_LEAv _Sp2 q" C5_sP2 2 -I- C6_ITEAv G_SP2 2

Co_5sP3+ Clo_SsP3 + C2_51TE_o _5SP3+ C30_ITE^v_ _sP3

_]_C4_LEAv_Sp3 __.C5_sP32 _1_C6_ITE_v ° _Sp3 2

CoSsP, + C151TE^,_ 5sr, + C2(xSsP, + C30¢61TEAvG _SP, q- C4_ITExvc2_Sp,

+C58sP ' 2 + C6_ITE^v ° 8Sp 4 2 ._. C7_LEAvc _Spa + C8_LExv6 28Sp4
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CMGR

i|flr,

CMUS 1

KMUS 1

CMUS4

KMUS4

CMUS 12

KMUS12

if hr <0.932

bw

hr

C 0 + C 1 _ + C2_ 1 + C3_lTE^vc + C4_l_lyzAv_ + C50_12

"hr _ -hr -2 -hr"

"I-C6(_'] _w."l'CT__w-w_ "l-C8 b-w'w._lTEAvc 4"C9_ITEAvc 2

-hr-2 -h_

+C,oOq 2 hrbw+ C,,_X1281-rE^v_ + C,2ct , __-. + C,3t_ , __-_-w.fil'rEAv_

2 -hr-2

+C140_I_lTEAvG2+C15"b_ - 81_,,,,,o +C,60h 2

+Ci7(tl2_l.i.E^v_ 2

else

0.0

C O+ C,ot2+ C213_ + C3M 4 + C40_215_+ C5_2M 4 + C6M42

+C7131M 4 + C8I_IM42 + C9(/.22 + Ci0_22M4 + C110_2M42

+CI20_22M42 + C13_, 2 + CI40_2_12

- -2

C 0+C IW°SP FC 2 W°Sp +C3M 3

Wcl, Wcl,

C 0 -I-C,o_ 2 + C21_1 -I-C3M 4 + C4oL2131+ C5o_.2M4 + C6M42

+CTI_IM4 + C8131M42 + C90t,22 -I- ClOff.22M4 + CI1ff.2M42

+CI2(_22M42 + C13_12 + C140_2_i 2

2

C 0+C I W°Sp +c2_Wosp- +C3M3

Wcl4 L Wcl4-

C O + Cl_ 2 + C2M 4 + C31x2M 4 + C4_ 1 + C5M42 + C60t.22

+C70_,2_ 1 + C80_2M42 + C91312 + C101312M4 + CI10(213t 2

-2

C O+C I Wosp {_C 2 WOSp
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CMUS34

KMUS34

CMI_US

CM4_US

CM 12_US

CM34_US

C O + ClO_ 2 + C2M 4 + C3oc2M 4 + C4_ 1 + C5M42 + C60_22

+C70_2[_ , + C8(22M42 + C9_, 2 + C_01312M4 + C_(z2_3, 2

-2

C o + C, W°SP k-C 2 W°SP

Wcl3,4 .Wc13.4_

if flus 1-1 and flus2= 1

0.0

else if flus 1= 1

KMUS 1*CMUS 1

else

0.0

if flus3= 1 and flus4= 1

0.0

else if flus4= 1

KMUS4*CMUS4

else

0.0

if flusl=l and flus2=1

KMUS 12*CMUS 12

else

0.0

if flus3=1 and flus4=l

KMUS34*CMUS34

else

0.0

C O + ClO_, 1 + C2(3C12 + C30_l 3 "t- C4(/,14CMLGR

KLLGR Co + CI_GEAR "1-C2_GEAR2 "]-C3_GEAR3
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CMTHLR if M<.65 & 5_Avo >0.0 & _5s-=0.0

CoS_Avo + C,_5J8_,,,,_+ C25s_5_^vo + C3tzSsSa-EAvo

+C4ct,_TEAv ° d- C50_2_TEAvo -1- C6_TE^v _ 2

+C7o_8_,_o 2 + C85_5_,v_ 2 + CgCt25sSre^v_ + C_o_535rz,vo

else

0.0

CMTR Co_e + C,_s + C2M_e

CMTR_ZS Co5 , + C,M_5,

CMTR ZE Co5_

CMHSE C O+C,q_ +C2M + C3q.M +C4GW . + Csq_GW .

CMHEE C O+ C,q_ + C2M + C3qsM

CMQR C O+ C_M + C2M 2

CMQTER. Co_5_^_o "1- C10_I_TEAvc "b C2M_Avo + C3_IM_ZEAv _

CMQLER C05LE,_o + CltXl_SLE^_o+ C2MSLE,vo + C2oqMSLE,_o

CMQE

CMQDR

CMQDE
I

CMADR

CMADE

Coq , + C,q_GW, + C2M, q _ -Jr-C3q$ 2 + C4M, q, 2

+C,M, qsGW _ + C6M,2q_

C O+ C_M, + C2MI 2

Coq s + C,M,q_ + C2M,2q, + C3q,GW _ + C4M,3q, + CsM, q,GW _

C O+ C,M + C2M "_

Coqs + CiMqs +C_M2q.+C3M3q.+C4qsGWs+C,Mq.GW.

+C6M2qsGWs+CTqs2+ CmsMrqs 2
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Table 8 - CM Supersonic

COMPONENT MODEL

CMR C O+ Clo_ + C2M + Cs_M + C4M 2 + CsotM 2

DCME

CMBR

CMLE1R

Co+C,M+GGw. +Gql+C. .GW, +Gca 

+CTczq_ + CsMq_ + CgC_Mq_ + C,oOtGW _+ C,,c_q,GW_

+CzzM _ + Cl3q_ 2 + Ct4M2qs + C150tM 2

C0[_32 + C,o_,_f + C2_32M + Cs_sZM 2 + C4(z,_32M

+C50_11_32M 2 + C60C,12[_32 _ _

C0_LE ' + CI_LE,M + C20¢_LE ' + C30_LE M + C4_LE M 2 + CsO_LE M 2

+C68LE _2 + C78LE, 2M

CMLE2R C08LE 2 + CI(Y,.SLE 2 .st. C28LE2M "1= C3C¢-.28LE2 =1=C40[,SLE zM

CMLE3R C08LE, + ClU.SLE, + C28LE M + C3_28LE_ + C.dXSLE M

CMLE4R CoScE, + C_8LE M + C2(xSLE4 + CstxSus,M + C48LE,M z + CstXSus M 2

+C68LE 42 q'- C78LE42M

CMLE1E

CMLE2E

CMLE3E

CMLE4E

COSLE, + C,M,SLE, +C2q_SLE, +CsM, q_SLE, +C4GW_SLE,

+C,q_GW_SLE, + C6q,28LE, + CTM,:Sus ' + CsM,:q_SLE '

+CgM, q_SLE' + C,oM, q_GW_SLz ' + C, ,M, q_:SLE '

CoScs _ + C,q,aLE, + C2GW_SLE _ + Csq,OW, Str'

+C4M_8t.E_ + CsM_28t.E_ + C6MI qfiLE_

+C7Ml2qsSLE: + CsGWs2(_LE2

C08LE _ + C,q,SLE , + C2GW, SLE' + Csq,GW, SLÈ

M 2+C4M18LEs +C5 I (SLE, +C6MIqsSLEs

+C7M,2qs(_LEs + CsGW_:SLE _

C08LE,, + C,M,SLE,, + C2q,SLE ' + C3M,qsSLE ' + C4GWsSLE 4

+Csq, GW, SLE' + C6q,28LE, + CTM,ZSLE, + CsM,2qsSLE,

+CgM, qs_LE,, + Cl,oMtqsGWs(SCE,) + C,,MIqs2_LE4 ....

59



CMTEBR 0.0

CMTE1R

CMTE2R

CMTE3R

CMTE4R

CMTE5R

CMTE6R

CMTE7R

CMTE8R

CMTE1E

CMTE2E

CMTE3E

C08TE, + C_STE, 2 + C28rE, M + C38TE ' 2M + C4(_TE ' 2

+Cs(_TE ' 2M

CoSa-z_ + C1_TE M + C25TE_ 2 + C3_STE 2M + C40_TE22

+C50_8_ 2M + C68TE: 3

C0_-I-E3 + CI_TEs 2 + C2_TE32M + C3_TEsM + C40_TE32

+CsO_TEs2M + C60_TE 3 + C70_TE3M

Co6TE ' + C,8=, M + C20_STE' + C30_6TE' M + C48-rz ' 2

+Cs_STE' 2M + C6_STE M 2

CoSTE _ + CISTE M + C20_STE_ + C3_STE M + C4_TE52

+Cs_STE 2M + C6_5TE5M 2

C0_TE _ + CI_TE_ 2 + C2_TE62M + C3_TE M + C40_TE62

+Cso_STE62M + C60_-_6 + C70_TE6M

C08TE ' + CISTE _M + C2_TE 72 dr.C3_TE7 2M + C40_TE72

+Cs0_TE 72M + C6_STE73

Co&rE ' + ClSTE, 2 + C2.6TE M + C3_STE 2M + C40_,_TEg 2

+Cs0CS.rE *2M

CoSta ' + CtM18TE, + C2q,STE , + C3MIqs_TE , + C4M2_TE,

+Csqs2_.rE, + C6Mlqs2_TE, + C.;,M,2qs_TE,

Co8_ + C_M_STE _ + C2q_STE _ + C3M 1q,8_ + C4Mt2_TE2

C08TE 3 + ClqsSTE3 + C2MISTE s + C3MI28TE3 + C4M IqsSTE3

+CsM,2q,8.m_ + C6GW_8.m _ + C7qs28TE3 + CsM,q,2_ax_

+CgqsGWsSTE , + C,oM_GW,8-rz _
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CMTEAE

CMTE5E

CMTE6E

CMTE7E

CMTE8E

KMTE1

KMTE2

COSTE, + CIM_STE' + C2MI2_TE4 + C3qs_STZ 4 + C4MIqs_STE,

+C,M,2q_cSTE,, + C6GW$_TE a -'l- CTqsGW,_TE ' + CsM,GWs_iTE.,

+CgM, qsGWsSTE,

Co_Srz_ + CIMIS_ + C2Ml2_irE_ + C3qs_TE s "{"C4MIqs_TE _

+C_M,__5_, + C6GW_5_+ C_GW_5_ + CsM,GW_,3_s

+C9MI qsGWs_STE5

C08TE, + ClqsS_, + C2MISTE ' + C3M128.r.E, + C4Mlq,8_o

+CsM)2q,STEo + C6GW, STE' + CTq,28TE, + CsM, q,28a-z,

+Cgq,GW, STE, + C,oM,GWsSTE '

Co¢5,rr, + CIM15TE ' + C2q_STE, + C3MIqs_TE 7 + C4M12_T£7

+C_M,_,3_, + C6_:,3=, + C_M,_s_5_,

C05TE _ + CIM15TEg + C2q_STSg + C3MIq_STr * + CaM2_TEs

+C5q,2¢5_, + C6M, q_2_STE,+ CTM,2q_cSTE,

if M<.4 and _STE_3' >0

C0_51TE:_̀ + Cl_lTE2342 + C2_1TE2_ 3 + C30_ITE2_ + C40_ITE2u 2

+C50_51TE:343+ C6_SLEL_51TE234+ C7_2_1TE23, + CsO_SLEL_51TE,u+ 1

else

1.0

if M<.4 and _STE,_' >0

Co_51az,_̀ + C_51a_,_, 2 + C2_1TE,343 + C3[X_ITE,_̀ + C4_1TE,34 2

+Cs0_51TE,_ 3 +C6_SLZt _ITE,_ + C70_2_1TE,_4+CsO_LEt._lTE,34 +1

else

1.0
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KMTE3

KMTF_A

KMTE5

KMTE6

KMTE7

if M<.4 and 8a-z,_,>0

Co_51_,2,+ C_81_,_,2+ C251_,243 + C30_51_,2, + C40_ITE,2, 2

+C50_51_,_, 3 + C6_LEL 51rE,2' + C7o_251_,2, + C8(_LEL _ITEI24 ..1_ 1

else

1.0

if M<.4 and _5_,. >0

Co_il_, _ + C1_51_,n2 + C281_,_33 + C3_l_m + C40_ITEm 2

+C50_1TE,233 + C6_LEt _lTEtz3 "1"CTI3_2_ITEm "1-C8_SLEL_51TE,23+ 1

else

1.0

if M<.4 and _5_78 >0

C0_51_,, + C_81a-z,,, 2 + C2_la-E_,, 3 + C3(x81_,_, + C40_81TZ,n 2

+C50_51TZ,783 ÷ C6_t2 _l_rs + CT_2_ITE,n + C8_LER_ITE,T, + 1

else

1.0

if M<.4 and 8TEs_ >0

C081TE,, , + CIS1TE,7, 2 + C2_ITE_, 3 + C3a_ITE,7 s + C4a_ITE,7, 2

+Cs_ITE,Ts 3 + C68LE _lTE57 s -t- CT(I2_ITE,n + CS(_LER_lTE57s "1- 1

else

1.0

if M<.4 and 5_ >0

C081-rE, _ + CI_ITE_ 2 + C281TE_ 3 + C3_81TE m + C4(t_ITE_ 2

-t-Cs(I_ITE_ 3 -I-C6_LER_ITEm -bC70_2_1TE_ + CS_SLER_IT£_s q-1

else

1.0
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I_8

i ii

C1VI_

CMGR

CMUS 1

KAVIUS 1

CMUS4

if M<.4 and 5rE,, 7>0

C051vE_,7 + C_51TE_,72+ C2_51TE_73+ C3CtS1TE_,7 + C40_1TE_72

+C5_1TE5673 + C6_LE _ITE_7 + C70_2_1TE_7 + CS0_LER _51TE567+ 1

else

1.0

0.0

if hr <0.932

bw

C 0 --F C 1 hr + C2a I + C351.t_Av ° + C40_I_51TEAv c + C5O_12
bw

-h_- "h_ -2 -hr'

+C60¢, ._--_-_+ C7 ._" + C s _ [51_,,,,o + C9_1-m_,,_ 2

- " 2

+C_oOq2__hr +C_lOq2_ila_o +Cl2Oq h_ +C_3o h-h_ "
bw bw. __-_.

-h_" 2 -hr -2

+CI40_I_ITE^vG 2 "F Ct5 __w-w. _51TE^v°+ C16(_12 ._-w

-hr "

..FCI70_I2_ITEAv6 2 + C180_12 -_-.Uw 81rEly _

else

0.0

C O+ C_a 2 + C21__ + C3M 4 + C4a2_ 1 + Csa2M 4 + C6M42

+C7_lM 4 + C8_1M42 + C91_2 2 + C10(/.22M4 + CIIa2M42

+C120_22M42 + CI3_12 -st-C140_2_12

- -2

C O+C 1 Wosp +C 2 Wospw 1--7

C O -_- CIoc 2 -_- C2_ 1 + C3M 4 + C4a2_ 1 + C5azM 4 + C6M42

+CT_IM 4 + C8_1M42 + C9a22 -_- Cloa22M4 + CIIa2M42

+C _ 2,,. 212Lit,2 IVI 4 "_-C131_12 -_- C14O_2_12
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KMUS4

CMUS12

KMUS12

CMUS34

KMUS34

CMI_US

CM4_US

CM12_US

" -2

Co+CtW°sp +C2 W°s_ P i 4-C3M 3

Wcl4 _ Wcl4 .

C O -t- C10_ 2 + C2M 4 + C3_2M 4 + C4_ L + C5M42 + C60_22

+C70_,2_,! .-1.-C80_2M42 + C9_12 + C10_12M4 + Cl1_2_12

- -2

Wosp Wosp
C O+ C 1-- + C 2

Wcll,2 .Wclt,2 _

C O+ClOL 2+C2M 4+

+C70_2_ ! + C8_2M42

C30_2M 4 + C4_ 1 -'F C5M42 + C60_22

-'l- C9_12 -st- C10_12M4 -.F C110_2_12

Co + C_ W°sv _-C2
Wcl3,4

-2

Wosp

if flusl=l and flus2=l

0.0

else if flus 1= 1

KMUS I*CMUS 1

else

0.0

if flus3= 1 and flus4= 1

0.0

else if flus4=1

KMUS4*CMUS4

else

0.0

if flusl=l and flus2=l

KMUS12*CMUS12

else

0.0
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CM34_US

CMLGR

KLLGR

CMTHLR

CMTR

CMTR_ZS

CMTR_ZE

CMHSE

CMHEE

CMQR

CMQTER

CMQLER

CMQE

CMQDR

CMQDE

CMADR

if flus3= 1 and flus4= 1

KMUS34*CMUS34

else

0.0

C 0 "1" Cio_ 1 "t" C20CI 2 -Jr" C3o_13 "[" C4C[,14

C O4- CI_GEAR -1"-C2_GEAR2 "['-C3_GEAR3

0.0

Co5 s + Ct5 ¢ + C2M6 e + C3M(5 s + C4M2_e + CsM25s

+C 6 + CTCZ+ CsM + CgC_M + CioCZSe

Co8 e + C_MSe + C2MZS_ + C 3 + C4OC+ CsM + C6czM + C7a6 ¢

Co8 s + CtMfs + C2M2(_s + C s + C40_ -].-CsM + C6(xM

Co + C,M + C2q_ + C3q_M +C4M 2 + C,q_M 2 +C6q, 2

+C_q_2M + CsGW_

Co +C,q_ + C2M+C3q_M +C4q_ 2

C O + C,cz + C2M + C3o_M + C4M 2

CoS.rE^v_ + C_0qS_Av o + C2MS.rE_,,o

+C30_,M_'r'ZAvq,+ C4M2_Av_

C0_LE^v G -F CI(X18LEAv G d- C2MSLEAv c + C2M28LE^vG

+C4M3_LE^vc + C50_IM_LE^v C + C6(_IM2_LEAvo

Coq_ +C,q_ 2 + C2M_q _+ CsM,2q_ + C4q_GW,

+CsM ,_GW, + C6M j_:

C O+ C_M_

Coq s "Jl"CIMIq s --I- C2M12qs -1- C3qsGW s -[- C4qs 2 + CsM, q,GW _

+C6Ml3qs + CTM,4qs + CsM, q_ 2 + CgM,"q_ _'

C O+ C_M + C2 M2
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CMADE Coq_+ C_Mq_+ CEM2q_+C3M3q_+ C4q_2+ C,q_GW_

+C6Mq_GW_+ CTM4q_+ CsMq_2+ CaM2q_2
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Table 9 - CM Coefficients

Coef.

No.

Co

C1

Cz

C3

C4

Cs

C6

C7

C8

C9

Clo

C11

C12

C13

C14

C15

cn'ff

subsonic

2.6881e-01

-1.6918e+00

-3.3682e-03

1.8788e-02

3.0148e+00

-2.3062e-02

-1.6109e+00

6.4263e-05

cnlr

supersonic

-6.3735e-02

2.2457e-03

7.6916e-02

-1.0508e-02

-1.9034e-02

3.3251e-03

cmbr cmbr

subsonic supersonic

-4.7858e-06 6.3684e-05

3.9089e-05

6.8597e-07

-2.5875e-06

-6.9628e-06

3.0736e-06

5.5799e-06

-3.2757e-05

3.4214e-06

-4.8253e-06

1.3144e-06

1.9696e-08

dcme

subsonic

-1.2628e-02

-2.8240e-03

2.6898e-03

-8.8158e-04

-3.9585e-04

3.1366e-04

5.3854e-03

1.3332e-06

2.0854e-02

9.9172e-05

1.9262e-04

-2.3507e-02

dcme

supersonic

1.1482e-02

-3.9056e-02

-8.362%-05

-5.0700e-03

1.1726e-04

-2.7585e-03

3.9184e-03

-9.1219e-04

1.1337e-02

2.4381e-04

8.2150e-06

8.0484e-05

-9.1333e-05 1.2362e-02

-3.8747e-03 -2.6482e-04

1.3838e-04 -3.3247e-03

-1.1242e-03

Coe£

No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Cll

cmlelr, cmle4r

subsonic

cmle lr,cmle4r

supersonic

cmle2r, cmle3r cmle2r,cmle3r

subsonic supersonic

cmle 1e,cmle4e

subsonic

cmle 1e,cmle4e

supersonic

- 1.9146e-05 2.1386e-04 -7.6745e-06 3.7104e-06 -3.1727e-06 -6.0514e-05

-4.6077e-06 -4.741 le-06 4.5377e-05 7.9590e-05

-3.8327e-05 1.8600e-04

- 1.1494e-05 - 1.4328e-04

2.7895e-04 -8.7384e-05 6.5894e-08 -3.9878e-06

5.9650e-06 9.3538e-05 7.7206e-06 - 1.2392e-07 -5.3549e-05 -1.0029e-04

3.0482e-07 1.4294e-05 4.7002e-06 2.0421e-06 2.5661e-06 5.0407e-06

-5.3812e-07 -2.1578e-05 -2.3267e-07 -2.9158e-06 -7.8749e-06

-2.5176e-04 -3.6356e-06 4.5995e-05 -3.0966e-06

-6.4409e-07 2.0013e-06 6.5147e-05 -2.2175e-05

2.3730e-07 1.2196e-05

-8.1257e-07 -2.2468e-06

2.7554e-06

1.1173e-06
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Coef.

No.

Co

C1

C2

C3

C4

C5

C6

Cv

C8

C9

cmle2e,cmle3e

subsonic

-2.8445e-07

cmle2e,cmle3e

supersonic

-6.6732e-07

-3.1967e-06

3.6344e-06

-4.0778e-07

-8.8722e-06

cmtebr

-1.8787e-04

7.1197e-07 -3.4933e-06 -1.7412e-05

4.9241e-07 3.0815e-06 8.8580e-06

1.5160e-06

cmte 1r,cmte8r

subsonic

cmte lr, cmte8r

supersonic

cmte2r,cmte7r

subsonic

-2.4250e-04 -5.5064e-04 -3.9181e-04

-5.3863e-04 2.4620e-06 -9.1402e-04

-3.5210e-07 1.7665e-04 2.5259e-06

-4.7934e-07 -4.3994e-08 -6.7039e-07 -1.8141e-07

1.3982e-06 -7.4463e-07 1.1779e-06 6.5539e-07 5.0798e-06

8.2211e-06 -2.8259e-07 1.0247e-07

2.4412e-07 -1.9997e-06

-6.9471e-06 5.0460e-07

-3.6812e-07 2.9217e-06

8.7921e-06 1.6485e-08

5.7541e-07 -2.1659e-06 2.4879e-07

2.6649e-06 -2.9695e-07 -1.3769e-08

-3.9539e-06 -5.2749e-08

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

C7

cmte2r,cmte7r

supersonic

cmte3r, cmte6r

subsonic

cmte3r,cmte6r cmte4r,cmte5r

supersonic subsonic

-6.9779e-04 - 8.1370e-05
t'

cmte4r,crnte5r

supersonic

cmte 1e,cmte8e

subsonic

-1.2720e-03 -9.3378e-05 -9.3226e-05 2.2568e-04

3.5329e-04 -6.2603e-04 2.4548e-06 7.5134e-04 2.7997e-04 9.0652e-05

4.6525e-06 5.3609e-06 -2.2975e-07 -9.9591e-04 9.6184e-06 -8.8781e-04

-1.3741e-06 -8.5242e-07 2.1450e-04 -3.2507e-06 -8.1370e-06 7.7038e-04

1.1784e-06 1.7176e-06 7.1089e-07 7.2202e-06 -3.3253e-06 6.6167e-06

8.8901e-07 1.8304e-06 -1.1937e-04

-5.0614e-06

- 1.0821 e-07

-1.0929e-04 3.0832e-04

-5.0991e-07 -3.1810e-07

2.068%-07 2.7686e-07 9.1948e-06 -4.7794e-06

5.0510e-06 -1.7225e-05
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Coef.
No.

Co

C1

C2

C3

Ca

C5

C6

C7

C8

C9

Clo

cmte 1e,cmteSe

supersonic

cmte2e,cmte7e

subsonic

cmte2e,cmte7e cmte3e,cmte6e

supersonic subsonic

cmte3e,cmte6e

supersonic

cmte4e,cmte5e

subsonic

8.0453e-04 -6.2581 e-06 5.5264e-04 4.9215e-05 1.1244e-04 1.1353e-05

-8.6198e-04 8.8338e-05 -5.8429e-04 -1.1176e-04 1.0944e-04 -4.1555e-05

5.0005e-04 - 1.2708e-04 3.9992e-04 5.2170e-05 - 1.5901 e-04 -3.4374e-07

-2.9201e-04 -2.6582e-04 -2.7707e-04 -9.5146e-06 4.7958e-05 1.6681e-05

2.1938e-04 1.5357e-04 1.4705e-04 7.5191e-06 -9.2453e-05 1.5918e-06

-2.4018e-05 2.8387e-04 4.8534e-05 -1.281 le-04 1.9389e-05 - 1.5009e-04

9.6771 e-06 3.9482e-06 - I. 1285e-05 4.4091 e-06 1. ! 447e-05 5.0909e-05

3.8656e-05 -9.5615e-07 4.5549e-06 1.2755e-04 -2.0883e-06 1.2536e-04

1.8170e-06 1.4395e-05 8.9845e-07 -8.3169e-07

-3.3115e-07 9.4752e-07 5.4902e-06

-5.4852e-06

Coef.

No.

Co

Ci

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Ell

C12

C13

C14

Ci5

C16

C17

cmte4e,cmte5e

supersonic

kmtel,

kmte8

cmvfr cmsplr,

cmslMr

cmsp2r,

cmsp3r

cmgr

7.2219e-05 6.5721e-02 3.1459e-04 -5.0259e-05 -3.3388e-05 -3.8387e-03

-9.0159e-05 -3.4611e-03 2.4672e-06 5.2199e-06 -1.9063e-07 8.2394e-03

2.3579e-05 4.6913e-05 8.0666e-06 1.7399e-06 5.1656e-06 -1.2593e-03

1.0085e-04 -5.9668e-04 3.8891 e-07 - 1.6692e-07 - 1.2240e-07 - 1.3060e-03

-1.3067e-04 3.7324e-05 -7.6392e-04 7.0951e-08 3.5745e-07 2.4630e-04

3.5279e-05 -6.6008e-07 3.5453e-07 5.0027e-07 6.8164e-07 3.9835e-05

1.6039e-06 -1.7581e-07 1.0269e-07 -5.7392e-08 -3.4082e-08 9.4271e-04

4.291 le-06 -3.9929e-06 -1.8233e-06 1.3905e-06 -9.6434e-05

-5.3967e-07 1.9960e-06 -4.6619e-07 -2.7810e-08 5.6879e-04

-1.4936e-06 -1.8047e-08 1.9754e-05

1.8446e-08 -2.8262e-05

1.3095e-07 -8.2433e-06

-3.6281e-08 5.6559e-06

-1.1458e-04

-3.5758e-06

2.0679e-06

-1.3492e-07

1.3088e-07
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[ C18 [ 3.3463e-06 ]
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Coef.
No.

Co

C1

C2

C3

C4

C5

C6

C7

C8

C9

Clo

Cll

C12

C13

C14

cmus 1 kmus 1,

kmus4

1.1268e-02 2.9094e-01

-2.2682e-03 1.5259e+00

-3.3148e-03 -5.6607e-01

- 1.2097e-02 -1.4113e-01

cmus4 cmusl2 kmusl2, cmus34

kmus34

1.1268e-02 1.1921e-02 3.6924e-03 1.1921e-02

-2.2682e-03 3.4974e-03 1.5428e+00 3.4974e-03

3.3148e-03 -1.1379e-02 -5.6246e-01 -1.1379e-02

-1.2097e-02 -2.4905e-03 -2.4905e-03

6.2712e-05-2.1164e-05 2.1164e-05 -6.2712e-05

2.5180e-03 2.5180e-03 2.3758e-03 2.3758e-03

2.8057e-03 2.8057e-03 -1.8513e-05 -1.8513e-05

2.9824e-03 -2.9824e-03 -2.1431e-05 2.1431e-05

-6.7035e-04 6.7035e-04 5.0836e-04 5.0836e-04

3.6946e-04 3.6946e-04 -7.9717e-05 -7.9717e-05

-3.3985e-04 -3.3985e-04 3.6649e-05 3.6649e-05

-6.0579e-04 -6.0579e-04 -2.1218e-06 -2.1218e-06

7.5723e-05 7.5723e-05

9.8049e-06 9.8049e-06

-2.4512e-06-2.4512e-06

Coe[

No.

Co

Cl

C2

C3

C4

C5

C6

C7

C8

C9

Clo

cmlgr

-7.7667e-04

-9.2157e-04

°1.3122e-04

! .9687e-05

-5.0657e-07

kllgr

1.1637e-02

2.0340e-02

3.2122e-04

-4.7576e-06

cmtr

subsonic

-2.4705e-03

-5.5046e-03

- 1.1668e-03

cmtr

supersonic

- 1.0468e-02

-9.6216e-03

7.4571e-03

5.2084e-03

- 1.6006e-03

-8.9697e-04

6.8782e-03

-6.2529e-04

-2.8785e-03

2.6169e-04

5.0690e-06

cmthlr

1.4577e-04

1.0459e-06

3.9879e-06

1.451 le-07

2.5627e-06

-4.7563e-07

-3.7085e-06

2.6489e-07

-2.0952e-07

1.5583e-08

-2.2626e-08

cmhse

subsonic

2.2910e-03

2.1758e-02

-4.9145e-03

1.8804e-02

-3.9263e-04

- 1.4217e-03
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Coef.
No.

Co

El

C2

C3

C4

C5

C6

C7

C8

cmhse

supersonic

5.7068e-02

-5.0168e-02

cmhee

subsonic

-1.1731e-03

-7.1055e-02

1.5114e-01 6.2228e-03

-1.6449e-01 -6.5912e-02

1.3736e-02

3.4255e-02

-1.2118e-03

9.2862e-04

-3.2427e-03

cmhee

supersonic

-4.2213e-02

-2.4771e-01

cnNr

subsonic

-1.2920e+00

7.2740e-01

cmqr

supersonic

-3.7403e+00

1.7849e-02

cmqler

subsonic

-3.4437e-04

8.2344e-05

1.8165e-02 -1.1291e+00 2.0515e+00 8.8389e-06

4.5238e-02 -2.7514e-02 4.8165e-05

4.4326e-03 -4.0822e-01

Coef.

No.

Co

C1

C2

C3

C4

C5

C6

cmqler

supersonic

cmqter

subsonic

cmqter

supersonic

cmqe

subsonic

1.0216e-02 - 1.6016e-03 - 1.4229e-02 - 1.8594e-02

2.3496e-04 5.5327e-05 -4.9559e-05 1.5982e-03

- 1.8742e-02 2.5866e-04 1.4287e-02 -3.7499e-02

cmqe

supersonic

cm,0r

subsonic

6.5533e-02

-3.5030e-02 - 1.3023e+00

-3.7139e-03 2.5578e+00

-2.8620e+00

1.0477e-02 - 1.5636e-04 -2.0508e-04 9.9234e-04 - 1.556%-02

-1.8516e-03 -4.0720e-03 -2.8706e-03 7.7921e-03

5.1975e-03 -3.0194e-03- 1.7568e-04 ol

4.7856e-05 2.2538e-02 1.1677e-03

crr_ crncCe cmo_ cmadr cmadr cma_

supersonic subsonic supersonic subsonic supersonic subsonic

-7.1931 e-01 -2.9484e-01 1.4527e+00 - 1.1007e+00 -7.3272e-01 - 1.2345e-01

2.6494e-01 1.7824e+00 -3.2668e+00 3.6039e+00 8.8351e-01 7.4685e-01

Coef.

No.

Co

C1

C2

C3

Ca

C5

C6

C7

C8

C9

-3.1510e+00 2.7198e+00

7.4468e-03 -8.4276e-03

1.8986e+00 1.3443e-02

3.1160e-03-2.0475e-02

-3.9724e+00 -2.2837e-01 -1.5722e+00

1.0797e+00

-7.9265e-03

4.7002e-02

-4.7815e-02-9.7741e-01

1.2761e-01 6.5665e-04

-1.3456e-02 -1.6161e-03

3.2263e-03
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Coef.
No.

Co

CI

C2

C3

C4

C5

C6

C7

C8

C9

cmade

supersonic

2.1244e+00

-4.6574e+00

3.7118e+00

-1.2800e+00

1.2792e-02

5.0466e-08

-1.9251e-08

1.6171e-01

-1.1888e-02

2.7334e-03
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VI. Simulation Time Histories
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Figure 1. - Stabilator doublet, Mach=0.8, Altitude=25000

aerodynamic database (solid line) vs. polynomial models (dashed line)
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Figure 1.- Continued
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Figure 1.- Concluded.
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