AD-A062 155  NAVAL SURFACE WEAPONS CENTER DAHLGREN LAB VA F/6 16/1
A COMPUTER MODEL FOR DETERMINING WEAPON RELEASE PARAMETERS FOR ==ETC(U)
OCT 78 R P HENNIS:, B W MCCORMICK

LINCI ASSTETFN NMCWrE /Nl «TR=XA2 % ML




W& 2.5

_...
.
-
&
2l
N iiloo

' L
I""g el £
: 20

L

MICROCOPY RESOLUTION TEST Cli

NATIONAL BUREAU OF STANDARDS-1963-f,

& t

s

2s et mee




SSI390Vav %400 314 J0C




i

[ ey s




'7;'

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE O e e

RECIPIENT

o [-] NU
TR-3823 ¥
4. TITLE g-w mnﬁ

TYPE OF REPORT & PERIOD COV

R MODEL FOR _DETERMINING WEAPON
ELEASE_ PARAMETERS FOR A yaucom?k IN
N-é(r LERATED ;ucm',

®. CONTRACT OR GRANT NUMBER(®)

&
T SRR TSR IN T SN ANO ROORE — S RSORAN EERERT PROIECT TR
. PERFORMING ORGANIZATION NAME A:l} ADDRESS 10 T I A LIS,

:. Naval Surface Weapons Center (K23)

| Dahlgren, Virginia 22448

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Naval Air Systems Command @( W78
Washington, DC 20360 @g Sl b

T3 MONITORING AGENCY NAME & ADDRESS(/f different froh Controlling Office) | 15. SECURITY CLASS. (of this report)

UNCLASSIFIED
WW_—W
HEDULE

APN:CK20CD700

P e ———
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Ti. KEY WORDS (Continue on reverse eide if necessary and identify by block number)

Wuﬂucv (Continue on reverse eide If necessary and identify by block number)

‘A mathematical model capable of computing flight path and orientation data for helicopters
having a single main rotor and a vertical tail rotor is presented. The model calculates power level and
control angles in steady (trimmed) flight for ascending, level, or descending flight paths. Provisions
are included for simulating a fixed wing, auxiliary thrust, and a movable horizontal tail whose
incidence angle is linked to the main rotor longitudinal cvclic control. The model is coded in
Fortran Extended to run on the CDC 6700 computer system. Output from this model is used in the
generation of aiming data for the delivery of unguided ordnance.

DD , 2%, 1473  eoimion oF 1 oV 68 15 ossOLETE UNCLASSIFIED
$/N 0102-014- 6601
SECUMTY CLASSIFICATION OF THIS PAGE (When Date Entered)

391 591

§
%

COTTLY, M X

3




AU

UNC

P e e e eSS

LLLURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

%
g
i
!

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




e Pp——

A— . R

FOREWORD

The computer model described herein was developed to provide accurate
space-orientation data for helicopters in “trimmed” (unaccelerating) flight. The data
generated with this model will be used in generating aiming data for helicopter
delivery of unguided weapons. Formulations and methodology were provided by Dr.
Bames W. McCormick, Head, Department of Aerospace Engineering, Pennsylvania
State University under contract to the Naval Surface Weapons Center (NAVSWC]},
Dahlgren, Virginia. The work was performed in the Air-Launched Weapons Branch,
Exterior Ballistics Division, Strategic Systems Department, under Naval Air Systems
Command Airtask Number AS32—5323/009-2/7-?000000-20, Work Request Number

N0001977WR78712.

This report was reviewed and approved by J. E. Cuevas, Acting Head,
Air-Launched Weapons Branch; and H. P. Caster, Head, Exterior Ballistics Division.

Released by:

[ag & Vhboenine
R. A. NIEMANN, Head
Strategic Systems Department
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INTRODUCTION

BACKGROUND

The Naval Surface Weapons Center (NAVSWC), Dahlgren, Virginia, has the
responsibility for providing aiming data to support Fleet use of air-launched weapons
from all Navy aircraft. In the case involving rotary-wing aircraft, aiming data for
desired release conditions were not always readily computable due to lack of
sufficient angle-of-attack data. Because of the wide variety of applications for the
helicopter and its maneuverability, an accurate yet inexpensive method of generating
angle-of-attack and position/orientation data for any desired delivery technique was
needed. For this reason, efforts concentrated on obtaining a computer model which
will provide angle-of-attack and position/orientation data.

There are currently no computer models available which are cost effective to
operate and provide the desired accuracy. Consequently, a two-part effort was
initiated. The first involves a model to calculate angle-of-attack data for use in
generating aiming data for helicopters in a trim state. The second effort involves a
dynamic model which will generate time-position/orientation data for non-trimmed
releases and safe separation analysis. The second model may incorporate the results
of the first model. This report documents the model which has resulted from the

initial effort.

OBJECTIVE

The objective of this effort has been to develop a means of determining
time-position/orientation data for use in computing sight-setting information for
helicopter weapon delivery. Any method for obtaining such data must provide the
required data quickly and accurately at a reasonable cost. The desired accuracy
chosen at the beginning of this effort was to obtain angle of attack within plus or
minus one half degree. For operating time, the objective was to obtain the needed
accuracy in as short a running time as possible. The method chosen to obtain these
objectives was to ignore any variables not of immediate concern in determination of
angle of attack (e.g., stress analysis, blade flexibility, etc.).




RATIONALE

fo ) GENERAL y

The Basic Helicopter Performance and Control Model is a Fortran Extended 3
; i program which computes the power and control angles for a helicopter in steady
{ flight. This section provides description of the theory and techniques involved. If .
' more detailed information is required, the reader is referred to Reference 1. :
' ‘ Appendixes A through C provide all information necessary for an individual familiar
} i with Fortran to set up and run the Basic Helicopter Performance and Control
! - model. Appendix D provides a brief comparison with actual AH-1J helicopter flight
| test data. Appendix E provides a list of symbols and definitions.

adesibos

f The method employed in generating trim parameters is a moment-balancing
iteration technique. Flight parameters are input, an angle-of-attack estimate is made

and the resulting control angles, forces, and moments about the aircraft center of
‘ gravity are then computed by means of closed-form approximations. Based on the

resulting moment unbalance, a new angle of attack is computed using the Pegasus

algorithm (Reference 2) and the computations are repeated. This procedure is
‘ continued until the moment unbalance is very small (arbitrarily chosen to
| | be < helicopter gross weight/500) at which point the helicopter is considered
‘ ' “trimmed,” power required is calculated, and resulting data are printed.

e HELICOPTER TRIM

A helicopter is “trimmed” when the sum of all of the moments about the
? center of gravity (cg) is zero, and all forces are in balance. The moments considered
include contributions from the rotor, fuselage, and horizontal tail. For ali forces to
{ be in balance, the vertical components of rotor thrust, wing lift, horizontal tail lift,
| and fuselage lift must equal the weight (W) of the helicopter. In addition, the sum
| of the rotor thrust component in the direction of flight and any additional
propulsive force must be equal to the sum of the fuselage drag, wing drag, :
horizontal tail drag, and rotor drag. i 3

3 Figure 1 shows these forces, moments, and relative velocities. The rotor is
! positioned some distance (Y) behind and (H) above the cg. The horizontal tail is a
' v distance (2,) behind the cg and is positioned at an incidence angle of i. The i
! may be linked in some manner to the main rotor longitudinal cyclic pitch.

VU O




rotor and the wing (not shown) ahead of it. The resulting angle of attack is given
as «,. Fuselage lift (L), drag (D), and moment (m) are assumed to be acting at a
distance (X,) aft of the cg as shown in Figure 1. ;
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| Figure 1. Helicopter Forces, Moments, and Relative Velocities

‘ The angle of attack of the tail is reduced by the downwash from both the

|

The resultant forces are shown in Figure 2. To account for descent, L is
neglected and a and a, are assumed small so that

Figure 2. Forces on a Helicopter in Steady Descent
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Wsinf, = Tsin(a+al)+D

For level flight:

and

0~ Tsin(a+al)+D

Therefore, in order to determine trim angles and power required in descent, the
level flight case is evaluated with an “equivalent” weight, W', and an ‘‘equivalent”
drag, D', given by

W' = Wcos b,

and

D' = D- Wsinfy,

The correction to the drag is made using the flat plate area (f). Since

D = 1/2pV3f
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1/2 pV?
which implies
o Do Waindp _  Wiindy
1/2 pV? 1/2 pV?

SIMPLIFIED THEORY OF TRANSLATIONAL FLIGHT

Rotor aerodynamics and dynamics parallel the treatinent given in Reference 1.
Cursory treatment is given below.

Downwash velocity (w) for a lifting rotor in forward flight can be defined by

Cr

= -——-V'
o R

which implies

wrAR
V’

C =

Since the aspect ratio AR= b%/S where b = 2R (R = rotor radius), we have

wr4R?
sV’

and

wr4R?  p(V')?

= = «Q = '-R2
T = C;aS SV’ 5 S = pV'7R“2w 1)

where p = air density and V' is the vector sum of induced (downwash) and
translational velocities.
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Induced power (P,) now becomes

T T?
W T(pv'm’ 2) " 2pV'mR?

To account for the increase in induced power above the ideal, the term EI is
introduced. The resultant equation is

2
2pVrR?

P, = (1 +EDTw = (1 +EI)

where El is typically between 0.12 and 0.15.

If the thrust vector is tilted forward through some small angle (a), useful work
is being performed at the rate (TaV). Thus, in general, the ideal power (P) required
by a rotor in forward flight is

P=TaV+P, = T@V+Ww)

For steady forward flight, the horizontal component of thrust (Ta) must equal the
parasite drag of the helicopter. Therefore, TaV, termed the parasite power, is
defined by

Ppar = DV

In addition to the ideal power, the rotor requires power to overcome the profile
drag of the rotor blade sections. This power is referred to as the profile power
(Pl,). Total power required by a helicopter rotor in forward flight is therefore
composed of three parts

P=P+Ppp *P @)
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From Equation (1), substituting for V we obtain

T = (V2 + w2)1/2gR22w = 2pxR2(V2w? + w)!/2

which implies

or

2
Viw? +wt = 1/4(l>
pA

and, using the quadratic formula, we obtain

T
& _V2 4 4| —
w j!C ‘ pAi

2

T \2\|!/2
w=|1/2[-V2+qV* +| =
PA

or

For a constant value of C (chord length), C,, and an assumed constant value of

Cd, Pl, can be defined as

Pl’ - PPO(I +u2)

where

Pp = profile power required in hover =0
- CPPPAVT3
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where

G = profile power coefficient
P
.. for a constant C,

In addition to overcoming the torque produced by the profile drag of the blades,
more power is required because of the blade profile drag

APy = WPy
Because of similarity of form, we include this in profile power to get
P, = Pro(l +3u?)

The coefficient of u? varies from manufacturer to manufacturer. Because of
aerodynamic uncleanliness of the root end of the rotor blades, this constant is

usually increased in practice to at least 4.

ROTOR DYNAMICS

Two dimensionless ratios are ascribed to a given state of rotor operations: tip
speed ratio (u), and inflow ratio (A). The ratio of rotor transiational velocity to the

velocity of the tip due to rotation is u.

g, e
“T arR g

Inflow rate, A is the ratio of the net velocity up through the disk plane to the tip
speed. Calculation of A\ requires definition of a, the angle of attack of the disk
plane. The angle between the incoming free-stream velocity and the rotor disk plane

is a. If the disk plane is nose up, a is positive.
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If w is the downwash velocity at the rotor and if a is assumed small, then

Va-w
A"/

A=
T

Collective pitch (8,), total twist (0), lateral cyclic pitch (6,), longitudinal
cyclic pitch (8,), coning angle (B,), longitudinal flapping (a,), lateral flapping (b, ),
disk plane angle-of-attack (a), tip speed ratio (p), inflow ratio (A), and thrust
coefficient (Cy) are all interrelated. An explanation of these relationships is given in
Reference 3, and pertinent facts are summarized below.

The results for a uniformly twisted non-tapered blade yield
B 9
Cr = > AT, +(6, +l(‘,ﬂ<,)T2 +0,T, +(0, - Kﬂbl)T‘]
If we assume lateral flapping (b,) = O and solve for 6,, we obtain

2
8, = [— - AT, - K,B,T, - 0T, - 02T4]/T2

ao

where Tl, Tz, T3, and T4 are functions of u and Bo is the effective dimensionless
main rotor radius.

1 1
T ~-(B2 + - T
5 2(30 2“2) ?

1 1 1 1
2 3(B°+ 3" B‘) T 2“@0 4")

1
2 BB %)

=]
n

where

a = section lift curve slope
o = rotor solidity

is obtained from an average thrust giving the same impulse/revolution as the
time-varying thrust.




mm-ﬂ-u.)u-hwm.

By = Ve [AF, + (@ +K,8)F, + 05 F, + (@, - K,b,)F,] - 7

or, assuming lateral flapping (b,) = 0,

1 B = V¢ [NF, +6oF; + K BF, +0,F; +0,F ] -7
‘ where
F, = -B} F, = B -l-B2+ly2\
y 8 0 3 0\5 % ¢
b
F, = ~B2(BL +4 F, = ~uB}
‘ 2 = 2 BoBo *#7) ]
.i
Mw 4
) e~ - CpaR
| 1.9 LTS
Ip is the blade moment of inertia about the flapping axis, and My, is the blade
weight moment about the flapping axis.
3 g Longitudinal flapping (a, ) is given by
1 | a, = A1+ (0, +KB))A12 +0,A13+ (0, - K b,)Al4
where
3 4(uB3/2 - u3/8 2uB}
4 Slas . .2 N
Boé’o 2“) By 2 ¢
] 3
; Bz + _,‘2
: 8uB 0" 2
: AlZ = st Al4 = —
3 3. sl A
-? : <B° T ) Ny
| ;
1 10




Letting lateral flapping (b,) = 0, and solving for 6,, one obtains

8, = (a, - NALl - (8, +K,6))A12 - 0, A13)/A14

Lateral flapping (b,) is defined by

b, = B,B11- (8, - Kza,)

where

4uBy

1
382"" 2
0 2“

Bll =

Letting b, = 0 and solving for 6,, we obtain
= B,B11 +K,a,

9,

CORRECTION FOR BLADE STALL

Reference 4 gives a correction to the power coefficient given in Equation (2).
This correction (Cp ) accounts for the increase in rotor torque due to retreating
blade stall. C,, is based on the following assumptions: (1) a jump of 0.08 occurs
in the sectlon drag coefficient at stall, and (2) the disk area within which blade
stall exists is a pie-shaped segment of minimum dimensionless radius (X,) that is
symmetric about y = 270° (Figure 3). With these assumptions, C,' can be defined

o
C = ;‘;(l-u)’u-x.)w/l'-‘xz.

3)




Figure 3. Blade Stall Pattern

The dimensionless radius (X)), outboard of which blade stall is present, can be
found by equating the section' angle of attack of a general rotor section at
¥ = 270° to «, ., the angle of attack corresponding to C,m“.

If 6 is the pitch angle of a rotor section relative to the disk plane, the angle
of attack of the section is given by

VB cos ¢ +w + 18 - Va
Qr+Vsiny

afr,y) = 0 -

where r is the radius to the section. Dividing top and bottom by QR = V., we
obtain

or, since r/R = X and \ = pa- w/Vy

: b
up cos Y + X(B/S2) - A @

“YQW) =0-

X+ pusin ¢y




<o

If one substitutes for § and @ using
0 = 0, +0rX+0, cos Y +0,siny +K,p
and
B =p,-acosy-Db, siny

and also using the fact that

g _ 9 .
s av =a,siny-b, cosy

one obtains, from Equation (4)

ofr,y) = 0, +0,X+06, cosy +0, sin y +K,(B, - a, cos § - b, sin y)

u(Bg - a; cos Y - by sin Y) cos Y + X(a; sin § - by cos Y)- A
X+usiny

Assuming b, , lateral cyclic, is equal to zero, one obtains

a(r,y) = 05 +6;X+0, cos y +0, sin Y + K (B, - a, cos )

By cos Y - a, cos® Y +Xa, sin § - A
X+usiny

X

Setting Equation (5) at ¢ = 270° to « , results in

1
Oax = 0g + 07X, 0, + Ky + —— A+ X))

'm B

13

)

(6)




or, equivalently

(X, - #) = 0(X, - W) +0,X2 - 0: X p- 0,(X - w)+ KB(X, - )+ A +Xa,

alll ax

arxf + (-0 . 0o - 0y - 0, + KBy +a )X + (e, -0 +0, - KBpJu+t =0

m ax

or, letting

e s VB2 - 40;C

201

Q)

The correction given in Equation (3) must, however, be modified. The
derivation given in Reference 4 assumes a pie-shaped stall region in the blade disk
(see Figure 3). Depending on the inflow ratio and blade twist, however, it is
possible for the blade section angles of attack to be higher inboard than at the tip,
resulting in the stall pattern shown in Figure 4.




e et

Figure 4. Blade Stall Pattern

For a given value of X, the stall pattern of Figure 4 will require less power
than that assumed by Equation (3). The dimensionless radius X, is the other root

of Equation (6) and is given by

’ -B, -\B? - 40,C o~

X, =

e o O S

-

)‘ 26,
; ; To correct Equation (3) for this possible “inboard” stalling, one assumes that the
' stalled region is diamond-shaped. This assumption is shown in Figure 5 for varying
values of u.
|
’, {
l Q
!
;;
. Figure 5. Approximated Stall Regions

15
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As X, approaches X, the correction for stall (C,') must vanish. As the average
of X, and X  approaches unity, C,‘ must approach that given by Equation (3). If
one combines Equations (7) and (8), the following equation results

XotX, _ -B
2 26,

Therefore, the factor K, is defined so that K = 1 for -B/26, > 1 and
decreases linearly to zero as X, approaches X, (ie., -B/26, = X ). The resulting
equation is

C"sconucrzn = K-C'-
where
Bl
20 + B
P or -— <1
e 1- X, 267
s
1 for - l 2 1
20,

CORRECTION FOR COMPRESSIBILITY EFFECTS

Reference 5 provides evidence that for a u of at least as low as 0.2 to as high
as 0.5, compressibility losses can be expressed as an increment in C,/o. This
increment is a function of the amount by which the drag-divergence Mach number
is exceeded at the tip of the advancing blade. Reference 5 also states that
experimental data show the drag-divergence Mach number to be approximately 0.06
higher than two dimensional tests would indicate.

From this reference the following addition to the power coefficient can be
formulated to account for compressibility:

Cp, = 0(0.012AMd +0.100(AMd)* ]




where
AMd = M.l.(l +pu)- Mcnrr - 0.06

or, since M, is the tip Mach number

\ Vp +V
AMd = =T (1 +p)- Mggyq - 0.06 =

T
v = Mcgir - 0.06
ve vc

Mcpip iS the critical Mach number of the advancing blade at ¢ = 90°. Using
Equation (5) and setting ¢ = 90°, X = 1, and b, = 0 one obtains

R-al

e s

agg = 0, +05 +0, +K,B, +
The following expressions are used to estimate Mcp (r
Merir = Mcnn'0 -m, G

where Mcgir,, the critical Mach number for C, = 0, can be obtained for various
airfoils from Reference 6. For the advancing blade at ¢ = 90°, one obtains

C = Ay "oy,

where A, is the slope of the section lift curve.

Thus,

= PR * *
Merir Mcnrr0 m, YA, *ay,

17
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PROGRAM MAIN(INPUT,QUTFUT,TAFES5=INPUT » TAPE6=OUTPUT)
BASIC HELICOPTER PtRFORMANCE AND COUNTROL==MCCORMICK

REAL MCROsM1,MUyIFA9LAMDA¢KP o KSgMyeKBETASLT ¢MUT yMCRITN,LV sMOMENT
KEAL MUF (100,MW o LAM(10) o HOLNTL yMOMNT2 s MFUSE) MTAIL 9 MNING

UIMENSIUN OVNOT (10) yOHPI(10) 4 OHPP(10) s OHPPAR(10) y OHPS (10) yOHPC (10)
OIMENSIUN OCLBT(10) +OCLBAR(10) 9 CASE (20) 4CCOUNT(10) ,OnPT(10),
10HFP(10)  UWPTL (10) y0A1(10) yCALPHA(10) yOBETAG(L02,0THETO(L0),
20TheT1 (1 () yOTHET2(10) ,0FHI(10)

GINENSION GTPRES(18), OMOMNT(10) ¢ OALPHT(10) 4dTPCTQ(10) ,OVIND (10)

INPUT

READ(54101) CASE
AIRFOIL DATA
READ(S59100) DEL 09y DELL,0EL29CLMAXsAOINCD1AN-A109HCRO, ML
FUSELAGE ANO GENEKAL UATA
READ(S 9100) FyFVIRTRST Ay CLSTAyHyGWsLMO 9 CHALPOJEI »KF o AFD,CLO3XF
INyHT s SHPMAX s TRQPRS s ONWSHKo HPACC ¢RTROWK 9 TE» HE s FUSEMK 9 THET 2P THET 2N
TAIL TRIM SURFALE DATA
READ(59100) STyALPHOD, ALPHL0¢ALPH20 9 ART ¢y TLSTACLTMXP 3CLTHXN
VERTICAL TAIL SURFACE DATA
READ (59 100)STVALPHVO ARV 9V TSTAgHY
HAIN ROTOR OATA
READ(S9100) VT yUMR 9B +C gy WoHT £ 9 UEL3Dy THETTO
TAIL ROTOR OATA
REAU(S5+100)VITo0OT9BT,CTRy TRSTA
OPERATING CONDITIUNS
KEAD(54100) DELVKT yVFINyALT yRHO, TEMP yPRESSy VCy THDESU sHKTR

IF RHOU NOT EQUAL O0e¢ 1INPUT DENSITY ANU vC ARE USED

4F KHO EQUAL 0o AND TENP = 999, STANDARD ATMOSPHERE IS USED

IF RHO £QUALS O« AND TeMP NOT EQUAL 999 NON STANGARC ATMOSPHERE IS
COMPUTED USING TeMP AND PRESS

4F (RHO oNte 000 ) GO TO &0
IF(TLMP oEQs 999,)G0 TO 35
TENP = 1, 8% (TEMP ¢ 273.,15)
KHU = ¢ 0391462*PRESS/TEMF/32,176
VC = SQART (Z2.923956*PRESS/RNO)
60 YO &0
35 HTH = ALT/1000.
TEMP = 518668 = ¢ 003566%ALT
FHO = ¢0023769%( 140 + HTH*(=002875 ¢ o000275%HTH) )
VC = 49, U2*SQRT (TEMP)
WING SURFACE CATA
40 READ(S5+100) SNoALPHWDy ARWy WIRGSTAy CLWMXP 3 CLWHXN
FRINT 50,06 L0s0cL1yDEL2yCLIAX)ADOINCDyAGLy AL0yMCROy ML
PRAINT 51’F.FV’HTR57A|CG$T"N|G“.0"0.CHALPOQEIQKF.AFO.CLG,XFgN'NT'S
2HPMAX s TRUPR Sy DNWSHK ¢ FPACC9yRTROWK 9 TE ¢ HE9 FUSEMKy THET2Py THET2N
PRINT 524 STyALFHOOyALPHILyALFH2D9ARToTLSTACLTMXP CLT MXN
FRINT 53 ¢STVyALPHVU,ARV, VTSTAHV
FRINT 5G4y VT DMK 9BsCoNsWTHE»DEL 209 THETTO
FRANT 55 4VTT,0T y0T9CTRyTRSTA
PKINT 56,0ELVKI 9 VFINy ALT yRHO TEMF yPRESSyVCyTHDES Dy HRTR
FRINT S7 ySW gALFHWD g ARWyWNGSTA9 LLWNXFy CLHMXN

A-1
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60

65

70

75

&0

&5

90

95

100

105

110

367

PI£=3,16415%

GHI=OW

Fi=F

R=0MR/ 2, :
FIGE = (1 = 14/(1s + 2:667*(HRkTK/R)**2))
KTROWK = KTRDWK®*FIGE

A=FIE®*R*R

OMEGA=VT /R
WL=(WNGSTA-C6GSTA) /712,
TTL=(TLSTA-CGSTA) /12,

TTLY = (VISTA = CGSTA)/12.0

LT = (TRSTA - (GSTA)/12,

Y= (RTRSTA=-CGSTA )/ 12,

GW=GHWI

V=0e

VKNOT=0,

DELV = DELVKI*1,6878
#0INC=AQINCD*5743

AF=AFD*57,3

CHMALP=LUMALFD®*S7,.3
ALFHW=ALFHND/ 5743
ALEHUSALPHO O/ 573

ALPH1=ALPH1D

ALFH2=AL PH20L%*57 .3
ALPHV=ALPHVO/57.3

ALFHT I=ALPHO

THUES=THUESOD/ 573
UEL3=0EL 30/ 57.3

KBt TA==DEL3

THETT=THETTO/57.3
GH=GW*(OSLTHOES)

ALFHWI=ALPHW

GCDBAR=,01

WF AC=(1,+H/SART (H*H+K*k) ) *kTROWK
WFACT=(14¢+SART(H*He¢ TTLO*TTL)/SQRT (H*HeTTL®*TTL¢#R*R) ) *RTRONK
WRITE (6, 203) CASE

NCASE=0

c
C START OF TRIM

c

410

L0 500 ICASE=1,10
ALFHA==20e/57¢3
ALFHA2 = 20,/57.3
NCASE=NCASE +1

=RHO®V®*2/ 2,

IF(QeEQeCedGU TO %10
F=FI-GWI*SINITHDES)/Q

CONTINUE
AT=5, 73%ART/(AKT 42+° (ART ¢ 4o )} /7 (ART®24))
hA=S. 7 I*ARNS (ARH+2,* (ARN44) 7 (ARNW#24))
ATV=5,73%AKV/ (ARV+2:. *(ARV# Lo )/ (ARVE24))
OEPODAL=2+*AN/AKH/PIE® ONNSHK
LV=QPATV®ALPHV*ST Y

MU=V/VT

DNOM=04941-MU**2/ 2,

AL1=4o% (MU*(341/2.=MU3/84)7+9%17DNON
A1226¢ *HU®¢ 97 /347 ONOM




et

115

120

135

130

135

140

145

150

155

160

165

170

62

63
61

-13
65

611

23

A1352¢ MU % 9417 0NON

ALL=(4941¢1.,5%MU*%2) /ONOM

Blizbe *MU¥, 97 /347 (o F41¢HU%*2/2,)

Fi=,306

F2=e961% (o941 ¢MU**2) /4o
F32,913%(.941/5¢MU®%2/6,)

F&=MU*, 304

T1=(e 41+ NU®*2/2,) /26

T2=0304+.97 *HU*S2/2,

T320901740% (4 014 MU**2)

Te=MU/ 20 ® (e SL1#NMUS*2/4,)

MH= (R=E)*¥2 % /2, +(R=E)*NT
IFASH/ 3o ® (R=E)**I¢NT* (R=L)**2

IFA=1FA/ 32.2

TAU=MW/IFAZOMEGA®®2
GAMF=C®*KHO®ADINC®*R**4/2.,/1IFA

00 = Q*F

ACL=A0INC

CHAY= BN /32,2%UMEGA ** 2% L SRO*R/ 4o P L1, #2 , *NI/W/R)
DR=V*3*(*CUBAR®RHO®R®*VTY s

T = GHN®N

D0 64 INWT = 1,10

LT=T/A/RHOZVT/ZVT

SIG=8%C/PIE/R

PHI = =0/7

WV T=SQART (o 5% (=nU**2+SURT (HU®*4+(T®+2)))

DO 62 JWT = 1,10

FHUT = WyT®34 = 2, *MUTPHI®*WYT®S3 + NUSS20yT®e2 = ((T/2,)%%2
OFWVT = 4o®HVT#%3 = 6, PMUPFHI®WYT®®2 ¢ 2,%NUTS2%WVT
VELWVT = ~FWYT/DFwWT

WYT = WYT + GELWVT

IF(DELWVT oLTe o05*wVT) GO TO 61

CONTINUE

FRINT 63

FORMAT (* WT DIu NUT CUNVERGE®)

CONTINUE

T = N*(GH + RHU/2.* (HVT*WF AG*VT) **2%F V)

CT2 = T/A/RHO/VT®*#2

IF (A3S(CT2 = CTI/CT LT, +01) GO TJ 65
CONTINUE

I1=70

DELAT=0.

DELAW=0.

IF(MUGEQeGe )60 TO 411

DELAT=WVT/MU* (1, *+SQRT(H®**2¢TTL®*®*2) /SQART(H®®2¢R*®2¢TTL*%2) )*RTRONKK
GELAT = ATAN(DELAT)

VELAWZ WVT/MU® (1,+SQRT(H**24WL *22) /SQRT (H®*24dL *%2+¢K*%2) ) *RTRONK
DELAN = ATAN(DLLAW)

CONTINUE

ALFHT=ALPHTI-DELAT

ALFHW=ALFPHWI-DcLAN

COUNT=0,

SWITCH=0,.

CLWzAN® (ALPHW+ALFHA )

AF(CLWo LT sCLWMXN) CLW=CLWMXN®CO S(CLN/AN)
AF(CLHeGToCLNMXP) CLW=CLAMNXF*COSICLW/ AW)
IF(SWITLH +EQe 00 0) ALFHT = ALFHD = ALPH1®%2/6,/ALPH2 = DELAT
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|
3 { ! LLT=AT® (ALPHT ¢ALPHA=DEPDAL *CLH/AW)
{ i IF(CLToLToCLTMXN) CLT=CLTNXN*COSICLT/ZAT)

AF ICLToGToCLTMXP)LLT=CLTHXF®COS(CLI/AT)

! } 175 CI=Q*(STOCLT®CLT/AKT+SHO*CLNOCLN/ARN ) /PIE/ 485

T =TI = WP(ST2LLT ¢ SWPCLHW ¢ K®®2% (AF*(ALPHA = DFLAW) + CLD))

0 =00 + 01

{ wi==(ALP hAa+ (L+UR) /ZT)

1) i c

f f 146 C STAKT OF CUMNTROL FOSIIIUNS

{ C
M=lV+VT)/ZVC

{ LAMOA=SRUSALPHA=WVT

} LAMUICASE)=LAMDA

165 hUF (TCASE)=NU ;

THETO= (2. *CT/ALL/SIG-LAMDA®T1)/T2 |
BETAC=GAMF* (LAMDA®F1+THETO®F2+THETT*F3)=TAU

4 | THET1=8ETAQO®S11+KBETAYAL

7 ! THET2=(A1-L AMDA®AL11~-(THETO0+KEETA®BETAQD) ®A12-THETT®A13)/A14

150 GO0 5 I=1,5
{ THETG=(2.2CT/ACL/SIG=LANDA®* T1=-KBETA®BETAD®T2=-THETT*TI-THET2*TH) /T 2
! SE TAD=Z UuMF® (LANDA *F 1 +THETO®F 2¢ KBETA®BETAG®F2¢THETT *FI+THET2%F4 ) -TA

i

S o

1v
L THET1=bETAO®S11+KBETA®AL
195 THET2= (~1~LAMDA®AL11~(THETO+KBETA®BLTA0) ®*AL12-THETT®AL3) /AL
IFATHET2 oLTe THET2N/57:3) THET 2 = THET2N/57.3
S IFUTHET2 oGTe THET2P/57e3)THETZ = THET2P/S7.3
ALFHT=ALPHO *ALPHL®THLT2¢ALFH2®* THET24%2 <DELAT
{ CLT=AT®(ALPHT +ALPHA=DEPD AL *CLN/AN) :
| 200 IFCCLToL ToCLTMXN) CLT=CLTMXN®*COSICLTI/AT) 1
1 IF(CLT«GT.CLTHXP) CLT=CLTHXPSCOSICLI/AT) .

o

WV=RHO/2, *(W/T#VT)**2
MFUSE = QV®R®*3*FUSEMK
MFUSE=MFUSE*WFAC®*2
205 MTAIL=QV*TTL®ST*1.3
MTAIL=HTAIL®*WFACT®**2
MAING=QVONL*SH*1.3
MW ING= MW ING*WFAC®*2 ]
MTAIL=MTAIL=Q*TTL®*ST*CLT |
210 HWING=MWING-Q®WL*SW*CLHW
? MFUS:c = MFUSE + Q*x®*%3%(CMO ¢ CHMALP®(ALPHA - DELAW))= XFYQER®SZ%(A
! 1F*(ALPHA = DELANW) + CLO)
MONENT=T®AL1*H=-ToY +MTAIL+ RHING* PF USE¢DR®H+CHAY® AL =N *TE

c

E | 215 C START OF GCONVLRGENCE SCHEME

E c

1 IF (SWITCH) 21, 22,26

22 MOMNT 1=MOMENT

ALPHAL = ALPHA
220 ALPHA = ALPHA2

SWITCH = <1 ‘

60 TO 23 ;

21 MOMNT2=MOMENT : ;

KEY = 0 |

RETRATIAIR

e

Loxg

225 IF (NOMNT 2*HOMNT1 oLEe 0e) GO TO 32 . |
PRINT 2054ICASE

205 FORMAT(* INITIAL ALPHAS OC NOT BRACK:T ZERD MOMENT CCOUNT=*,12)

ALPHA = 1,2%ALPHAL !




ALFHA2 = 142%ALPHA2
239 SHITCH = 0.0
. 60 TC 23
4 | | 24 MOMNT3 = MOMENT
g | i KEY = KEY + 1
1 | ! IF(KEY +LT. 3) GO TO 23
| e 235 IF (ABS (MCHMENT) = GN/S500¢)26y 26427
| _ 27 IF(MOMNT3®MOMNT2 «GEe 0.) GO TO 28
- | ALFHAL = ALPHA2
| i MOMNT1 = MOMNT2
! 5 60 TO 29
‘ | 240 26 MUMNT1 = MONMNT1*MOMNT2/(MOMNT2 + MOMNT3)
| ! 29 ALPHA2 = ALPHA3
| MUMNT2 = MOMNT3
{ 32 ALPHA3 = MUMNT2%ALFHA 1/ (HOMNT2 = MCHNTL) + MOMNT1*ALPHA2/ (MOMNT1
: 1= HOMKT2)
| 245 ALPHA = ALPHA3
| SWITCH=1.
g VOUNT=COUNT +1¢
I IF(CCUNT «GT450.) GO Tu 26
G0 To 23
250 26 CONTINUE
CCOUNT (ICASE) = COUNT

1]
{
|
{
{
{ ,
s :
' { C START OF POWEK CALCULATIONS
| ! c
| | 255 PIS(1e+EIN*T*WuT*VT
CLoAKk=6,*C1/S16
{ . COEAR=DELO+ D L1*CLBAR#0LL2*CLBAR® 2
CPP=SIG*CCBAR/
PP=CPP*RHO®A®VT *# 3% (1 +KP*NU**2)
260 PPAR= D*V
HPI=P1/550.
{ | { HPP=PP/550.
G : z HPFAR=PPAR/ 5504
| P =PI + FP + PPAR
265 TT=P/OMEGA/LT =LV* TTLV/LT
MUT=V/VTT
AREAT=PIE®LT**2/k,
i ! CTT=TT/RHO/ AREAT/ZVT T# %2
P j WVTT=SQRT (e 5% (~MUT**2+SQRT (HUT**4¢CTT*%2)))
E { 210 PIT=(1.+cI) *TTEUVITHYTT
3 I SIGT=8T*CTK/PIc/70T*2,
| LLBT=6e*CTT/SIGT
E: i COBT=DELO¢DEL1¥CLBT+DEL2*CLBT**2
e | i LPFT=SIGT*(COET/8.
: [ 275 PPT=CPPT*RHO®AREAT*VTT*%38 (1 ,+KP*UT**2)
nPT=(PIT+PFT) /550,
i HP = HPI + HPP + HPPAR + HPT
' CAMMAZCLMAX/ADINC=THc TO+THL T 2-KBLTA®3ETAD
85=a1=MU*THETT=-GAMMA
280 CS=MU*GAMMA +LAMDA
IF(BS®*2<-4o *THETTYCS) 74646
! 6 XS={=8S+SARTIBS®*2=Ue*THETT*CS)I/ 2. /THETT
| X0==-XS=3S/THETT
5 | IF(XS=14)90047,47
| ‘285 900 IF(XSIT7,7,8
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290

295

300

305

310

315

320

330

335

OO0

10
11

12

15
13

14
16

17
1¢

CPS=SIu* (1e=MU) %% 2% (1 ,~XS)*SUKT(1e=XS*%2)/26e/P1L
IF(IX0eXS)/2e=20) Selurid
KS==(35/2¢/THETT#XS)/ (1e=X3)

60 TO 11

KS=1.

CPS=KS*CPrS

G0 TO 12

CPS=0.
ALPIN=KBETASBETAQ+THETO+THCT 2¢THTT ¢+ (LANOA=AL) / (1, ¢0U)
ADSACINC® (1o +AGSM ¥4 +AL0*N**10)
MORIT=nCKO-M1%A0® ALP2SO

IF(MCRIT)I13,15,15

IF (M=14) 14913913

WR1TE (6,5 200) VKNOT

GO0 Tu 17

UELMO=M=NGF.4T=406

IF(DELMO) 17417416
CPL=SIG*(,012%LELMD+« 10 L1D**J)

60 TO 16

LPC=0.

HPSSRHO*a®*Y T**3%CPS /550,
HPL=RHUTASYT*S33( 5 /550,

HPTC=HP +HPS +HPC

F=550¢% {HPTC=HFT)

TT=P/OMLGA/LT=LV*TTLV/LYT

MUT=V/ZVTT

AREAT=PIC®DT*%2/4,

CTT=TT/RHC/AREAT/ZVT T®®2

WYTT=SQKT (o5° (=MUT®*#2+SQRT (NUT®®4e CTT #22) ))
PIT=(1.+ED)*TToWVTT®VTT

CLBT=6,*CTT/SIGY

L08T=0tL 0¢+DEL 1°CLET+DEL2%CLBT **2
LPPT=SIG TS . DBT/8.
FPT=CPPT*RHO®AREAT*VIT*%3¢ (1, ¢ KP*™MJT**2)
HPT=(PIT¢PPT) /5506,

HPTC = HPI ¢ HPP ¢ HPPAR ¢ HPT ¢ HPACC ¢ HPS ¢ HPC
TPRES = HPTC/ (,023208%VT)

PERCENT TOKGUE COMPUTATION
INPUT OICTATES IF PERCENT TURQUE OR TORQUE PRESSURE IS O€SIRED

PCTQ = 1U00°(101%(HPTC = HPT = HOACC) + HPACC) /7 SHPMAX
B1==(TT*HT+LV*HV) /T/H
PHiI==1TT+LVI/T-B1
THET1=THET1=-B1
A1=A1%57,3
ALPHAD=ALPHA® 57,3
BETAO=BETAO0*57.3
THETO=THET0%57.3
THET1=THET1%57.,3
THET2=THET2%57.3
PHI=PHI®*57,3

OTPRES (1CASE) =TPRES
OTPCTQUICASE) = PCTQ
OCLBTUICASE)=CLBT
OCLBAK (ICASE) =CLBAR
OVNOT (ICASE)=VKNOT




OVINDUICASE) = VKNOT®SQKT (RHU/.002377)
| ‘ OHFI(ACA SE) =HPi
’ i 345 UHFP (ICASE) =rPP
K ; OHPPAK (ICASE ) =HPPAR
3 UHFSCICASE) =HPS
. OHFC (I LA SE) =hFL
OHFT(ICASE)=HPT
350 UHF{ICASE)=HP
UHPTCLICASE)=HFTC
! VAL (IUASE)=AL
{ OALPHA(ICASE) =ALPHAD
UBETAD (ICASE)=bETAC
. 355 OTHeTO4ICASE) =THETO
i OTHET1 (I LASE)=THETL
E ) OTHET2(ICASE) =THET2
, , OPHI(ICASE)=FHI
OMOMNT (ICASE)=MOMENT
‘ | 360 OALPHT ( ICASE) =ALPHT*5743
3 | ; V=V+0ELV
i VKNUT = v/1.6078
| IF(VKNOT .Gt oVFIN? GO TO S01
| 500 CONTINUE
| i 365 c
‘ { C FINAL OUTPUT SECTION
§ c
i 501 PRINT 701,(OVNUT(I),I=1,NCASE)
{ i FRINT 7509(OVINDLI) sI=14NCASE)
’ ! 370 PRINT 702, (0HPL(I)oI=14NLASE)
‘ : PRINT 703,(0HPP (I),I=1,NCASE)
! ‘ PRINT 704y (OHPPAR(I), I=1,NCASE)
{ I FRANT 705,(0HPT(I)yI=1,NCASE)
i i PRANT 706, (OHPLI) o1 =1,NCASE)

T Y P Y T

e

375 PRINT 707,(0HPS(I),I=1,NCASE)
PRINT 7085(UHPG(I)I=1,NCASE)

| PRINT 709,(OHPTC(I)4I=14NCASE)
{ FRAINT 7105 (0A1(I) 4I=1,NCASE)
| ! PRINT 7119(CALFHA(I)I214NCASE)
! 360 FRINT 712, (UBETAGUI) yI=1,NCASE)
s | PRINT 713,(0THETO(I) I=1,NCASE)
{ PRINT 7414y (OTHETL (1), I=1,NCASE)
PRINT 715,(0THET2(I),1=1,NCASE)
PRINT 716+(OPHI(I)4I=1,NCASE)
1 385 PRINT 717, (LAM(I) 4I=1,NCASE)
! PRINT 718, (MUF(I) 4I=1,NUASE)
PRINT 7199 (OCLBAR(I),I=1,NCASE)
PRINT 720,(OCLBT(I) ¢I=1,NCASE)
( PRINT 722, LOTPRES(I)I=14NCASE)
: 390 PRINT 721,(0TPCTQ(I),I=1,NCASE)
4 ] PRINT 7249 (UMOMNT (1) ,I=1,NCASE)
! PRINT 725, (GALPHT(I),I=14,NCASE)
PRINT 800y (CCOUNT (I) ¢1=1 yNCASE)
IF(VKNOToLT<VFIN) GO TO 367
‘ 395 PRINT 727,F
A STOP
S0 FORMAT(® ODELO=%*,F10,5,® ODEL1=%yF10,5,* 0:L2=%,F10.5,® CLMAX=®,
1F10e39* AGINCO=®,F10e39% AG=%,F10,5,% AL0=%,F10.4,/9® NCRO=*,F
] 21045,* M1=%,F10,5)




400
4 405
j 410

415

‘ «20

«39

035
f' w40
s

L)

51 FORMAT(® F=®,F10.2+* FV=®,F10429* RTIRSTA=®,F10,29* (GSTA=®,F10
162¢% H=Z®,F10e3+* GW=*,F10s1/% CMU=*,F1069% CMALPD=*,F10,6,

2% EIz%,F10e39% KP3%,F10,29* AFD=*,F10,3+,* CLO=*,F10,6,* XF=®,
3F10.3/7% N=%,F10.29* HT=®,F10,3,* SHPMAX=®,F10.,2,* TRQPRS=*,

4 10e19® ONWSHK=®,F10629* HPACC=®yF10s1/7% RTROWK=%,F10s1,

5% TE=%,F10.19® HE=®*,F10,2+® FUSEMK=®,F10.59* THET2P=*,F10,2/*
6 THET2N=*,F10.<)

52 FORMAT(® ST=®,F10e2,* ALPHOD=®,F10,3,* ALPH1D=*,F10.3,* ALFH2D
1=%,F10e3+® ART=%,F10e29* TLSTA=®,F10e29% CLTYXP=%,F10,3/®% CLIM
2XN=*9F 10, 3)

53 FORMAT(® STV=®,F10e2,% ALPHVD=®,F10,49®* ARV=®,F10.2+* VTISTA=®,
1F10629* HV=*,F10,3)

5S4 FURMAT(® VT=%,F10e29* OME=*,F10,2,® B=®,F10,0,% C=*,F10,.3,

1% W=%,F10e39% HWT=®,F10,3/* E=%,F 10.3,® UEL3D=%*,F10.3,
2% THETTO=*,F10.1)

55 FORMAT(® VTT=%*,F10429® OT=%,F10,2,® dT=%,F10.0,* CTR=%,F10,3,
1* TrSTA=*,F10.3)

56 FORMAT(® UELVKT=®*oF10e19® VFINZ®yF 1001+ ALT=%,F10624* RHO=*y, F10,
16,* YE"P3"F1003" PRESS:'.F!.O.ZI' VCS'.F&O.Z.' THD&SD".FIO.ZQ.
2ARTR=* 4F 10e 1)

57 FORMAT(® SHN=®,F10s2+® ALFHWD=®,F10e29* ARW=*,F10.2¢* WNGSTA=*,
1F10e19* CLWHMXFP=*,F10e3,* CLWMXN=*,F10,3)

100 FORMAT(8F10e4)

101 FORMAT(20A&4)

200 FURMAT ( * COMPRESSIBILITY CORRECTION DOUBTFUL V=%,F5.1,%KNJTS®)

203 FORMAT(//71X 42044%)

701 FORMAT (///7% VELOCIT Y, KNOTS *,10F10.1)

702 FORMAT(* MAIN &KOTOR LNOUCED rUNWERyHF *,10F10.1)

703 FOXNAT(®* MAIN ROTOx FRUFILE POWEZKoHP *,10F10.1)

704 FORMAT (®* MWIN ROTOR PARASITEL FOWERyHP *®,10F10.1)

705 FORMAT(* TAIL KOTOx PONWER,HP ®910F1061)
706 FOKMAT(*® TOTAL UNCORRECTED POWERHP. ®y10F10. 1)
707 FORMAT(®* STALL POWER CORFPECTIONyHP *310F10.1)
70t FORMAT(*® CUNFPRESS POWEK LOKKEUTIONgHP ®,10F10.1)
709 FORMAT(* TCTAL CORRECTED PUNER,HP ®,10F10.1)
710 FOKRMAT(* LUNGITUDINAL FLAPFING,DES %,10F1062)
711 FORMAT (* DISC FLANE ANGLL=-OF=ATTACK,DEG®*y10F10.2)
712 FURMAT (* MAIN KOTOk CONING,CEG %,10F10.2)
713 FORMAT(* MAIN KOTOR CULLLCTIVE,DEG *,10F10.,2)
716 FURMAT(® LATERAL CYCLiu FITCH,OEG *,10F10. 2)
715 FORMAT (* LONGITUDINAL CYCLIC PITCHyOEG ®¢10F10.2)
716 FUORMAT(®* FUSELAGE ROLL ANGLEDLG *,10F10.2)
717 FORMAT (®* LAMBOA = *,10F10.3)
710 FUKMAT(* MU = ®4,10F10.3)
719 FORMAT(®* AVGy KOTOR CL %, 10F10.2)
720 FOKRMAT(* AVG,TAIL ROTOR CL *,10F1062)
721 FORMAT(* PERCENT TORQUE= *,10F10.1)
722 FOKMAT(* TuKkGUEL PRESSURE= *,10°10.1)
72% FORMAT (®* MOMENT UNBALANCL= ®410F10.1)
725 FORMAT(®* HORLZUNTAL TAIL INCIDENGE ®y10F10.1)
727 FORMAT(*® F = *4F10.4)

750 FORMAT (* INOLCATEO AIRSPEED,KNOTS *,10F10.1)
000 FORMAT(* ITEKATICN COUNT= *,10F10e1)

(1]}
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INPUT GUIDE




INPUT GUIDE

CARD TYPE 1 - FORMAT 20 A4 — RUN NWENOLA‘I"URE

Card No. Column

1 1-80

CARD TYPE 2 — FORMAT 8F10.4 — AIRFOIL DATA

Card No. Column

1 1-10

1120

21-30

31-40
41-50

51-60

61-70

71-80

CARD TYPE 3 — FORMAT 8F10.4 — FUSELAGE AND

Card No. Column

1 1-10

Symbeol

Case

Symbeol

DELO
DEL1
DEL2

CLMAX
AOINCD

A4
Al0

MCRO

M1

Symbol

F

Description
Title of Run

Description

Constant term in definition
of C,
Linear term in definition
of C,
Quadratic term in definition
of C,
Maximum lift coefficient
Zero lift line incidence
angle (deg)
AO = AOINCD (1

+A4 - M* +A10 - M10)
AO = AOINCD (1

+A4 - M* +A10 - M!0)
Critical Mach number for
C =20
Constant in definition of
critical Mach number

Mcrir = Mcnrro -m, G

GENERAL DATA

Description

Equivalent flat plate area
in the horizontal direction
(ft?)
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CARD TYPE 3 — FORMAT 8F10.4 — FUSELAGE AND GENERAL DATA (Cont'd)

Card No.

1

Column

11-20

21-30
3140
41-50

5160

61-70

71-80

1-10

11-20

21-30
3140

41-50

51-60

61-70

71-80

Symbol

Description

FV

RTRSTA
CGSTA

GW
CMO

CMALPD

El

AFD

CLO

XF

HT

SHPMAX

Equivalent flat plate area

in the vertical direction
(ft?)

Main rotor axis station (in.)
Center of gravity station (in.)
Height of main rotor above
cg (ft)

Helicopter gross weight (lb)
Fuselage moment coefficient
ata =0

Slope of fuselage moment
coefficient (1/deg)

Fractional increase in rotor
induced power above ideal
(generally 0.12 < EI<0.15)
Constant in expression for
rotor profile power

(P, = P, (1+KP*4?)
Slope of fuselage lift

curve (1/deg)

Fuselage lift coefficient at
zero angle-of-attack
Distance aft of cg where
fuselage moment and lift
are assumed to be acting
Load factor =1 + a/g where
a = acceleration in direction
of rotor thrust

Height of tail rotor above
cg (ft)

Value of shaft horsepower
corresponding to TRQPRS
on torque meter
calibration curve (HP)
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CARD TYPE 3 — FORMAT 8F10.4 — FUSELAGE AND GENERAL DATA (Cont'd)

Card No. Column

3 1-10

11-20

21-30

31-40

41-50
51-60

61-70

71-80

Symbol

Description

TRQPRS

DNWSHK

HPACC

RTRDWK

TE
HE

FUSEMK

THET2P

THET2N

Reference value of torque
meter pressure (preferably
the maximum readable on
the meter)

Arbitrary correction to
downwash at tail due to
wing (usually 1.0)
Horsepower allowed for
accessories

Arbitrary correction to
downwash at fuselage wing
and tail due to main rotor
Thrust due to engine
exhaust (Ib)

Height of engine

thrust above cg (ft)
Arbitrary correction
factor to fuselage
moment (normally 1.0)
Maximum positive value
for longitudinal cyclic
pitch (deg)

Maximum negative value
for longitudinal cyclic
pitch (deg)

CARD TYPE 4 — FORMAT 8F10.4—fAIL TRIM SURFACE DATA

Card No. Column

1 1-10

11-20

Symbol Description
ST Horizontal tail planform
area
ALPHOD Constant, linear, and

quadratic terms (deg) in
definition of tail incidence

e
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CARD TYPE 4 — FORMAT 8F10.4 — TAIL TRIM SURFACE DATA (Cont'd)

Card No. Column Symbol Description .
21-30 ALPHID angle (deg/rad) as a function
of longitudinal cyclic =
3140 ALPH2D pitch (deg/rad?)
41-50 ART Tail aspect ratio =
span/mean chord
5160 TLSTA Station of tail center of
; pressure (in.)
I 61-70 CLTMXP  Maximum tail lift coefficient |
in the positive (up) i
direction
'.] 71-80 CLTMXN Maximum tail lift coefficient
| in the negative (down)
i direction
.L CARD TYPE 5 — FORMAT 8F10.4 — VERTICAL TAIL SURFACE DATA
‘ Card No. Column ~ Symbeol Description
| 1 1-10 STV Vertical fin planform
o area (ft?)
| 11-20 - ALPHVD Yaw angle of vertical
E | fin (deg)
4 21-30 ARV Aspect ratio of vertical
& fin
f 3140 VTSTA Vertical fin station (in.)
g 41-50 HV Height of vertical fin
| . center of pressure (ft)

CARD TYPE 6 — FORMAT 8F10.4 — MAIN ROTOR DATA

Card No. Coltimn Symbol Description
4 : 1 1-10 vT Rotor tip speed due to
rotation (ft/s) '
4 11-20 DMR Main rotor diameter (ft)
;. 21-30 B Number of main rotor

blades




CARD TYPE 6 — FORMAT 8F10.4 — MAIN ROTOR DATA (Cont'd)

Card No. Column

1 31-40
41-50

51-60
61-70

71-80

Symbol

C
w
WT
E

DEL3D

THETTD

Description

Mean chord of main
rotor blade (ft)

Weight of main rotor
blade per foot (Ib/ft)
Main rotor tip weight (Ib)
Flapping hinge offset as a
fraction of rotor radius
Flapping hinge angle (rate
of change of blade pitch
with respect to blade
flapping)

Total blade twist from root
to tip (negative for
washout)

CARD TYPE 7 — FORMAT 8F10.4 — TAIL ROTOR DATA

Card No. Column

1 1-10

11-20
21-30

31-40

41-50

Symbol
VTT

DT
BT

CTR

TRSTA

Description

Tail rotor tip speed due
to rotation (ft/s)

Tail rotor diameter (ft)
Number of tail rotor
blades

Mean blade chord of tail
rotor blade (ft)

Tail rotor station (in.)

CARD TYPE 8 — FORMAT 8F10.4 — OPERATING CONDITIONS

Card No. Column

1 1-10
11-20

Symbol

DELVKT
VFIN

B-5

Description

Velocity increment (kn)
Velocity which is a small

increment above final velocity

to be considered

SUB -




CARD TYPE 8 — FORMAT 8F10.4 — OPERATING CONDITIONS (Cont'd)

| Card No. Column Symbol Description
}
i 1 21-30 ALT Altitude (ft)
{

31-40 RHO Air density (slugs/ft®) .
Note: RHO # 0,
density and VC are
input.
RHO = 0, and
TEMP = 999.0,
standard atmosphere
is used.
RHO = 0, and
TEMP # 999.0,
nonstandard atmosphere
is computed using
temperature and

pressure.
41-50 TEMP Temperature (°C)
51-60 PRESS Pressure (mb)
61-70 vC Speed of sound (ft/s)
71-80 THDESD Aircraft descent angle
(negative if ascending)

(deg)

Height of rotor above
ground.

Note: HRTR determines a
correction for inground
effect (IGE) flight. If
HRTR > ~ 50, no
correction is made and
magnitude of HRTR is
unimportant.
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\ CARD TYPE 9 — FORMAT 8F10.4 — WING SURFACE DATA 1
Card No. Column Symbol Description
1 1-10 swW Wing planform area (ft?) E
11-20 ALPHWD Wing incidence angle (deg)
21-30 - ARW Wing aspect ratio
: 31-40 WNGSTA Wing station (in.) ;
41-50 CLWMXP Maximum wing coefficient of ; !
lift in the postive (up) {4
t direction
4 51-60 CLWMXN Maximum wing coefficient
of lift in the negative
(down) direction

B-7







———— Ll - TR T T on s iaasd o » & g

" TR SRV Y. TP

396523 )
0°s 0°s ”y o°e (L 3 (K3 o°s =1NN0D NOIAVNDLZ 8
2L 2% 2°s (43 §°2 ridi (14 JON30IONI VIVL WINDZINON v
2°¢%~ £°2%- (33 §°% 9% 1341 82 sIONV WENY LNINON 4
0°%T 6°s2t 0°0ss £ 02 59 2°0% =3NdDY0L LNIJWId ¥
6°10t 0°6e 6°22 2%S$ $°2¢ $°9% S°Ty =3dnSSIWd INDWOA 5
[ 04 te° 62° s2° 28° 1 ¥010% VIVL®SAY
e 6 TN s4° T I3 WOLOB *SAY - L
T & an “2e 1s2° 622° = NN i
$50°- "o - $£0°- 80~ 020°- = yOONYY
828~ £5°%- 91°t- 20°1- 06 °- 930°319NY 7I0¥ 3I9VVASN4
[ 134 I 92°9- 92°5~ 0E Y- (T3 34 930°HO11d ITI1IAD WNIONLTSNOY
"y 1303 20°2 16 °2 n2%2 930°N311d 11940 WEILVY
(13 (3371 ££°9T 99°5% 2t°st 930°3A2 1937709 ¥OLON NTVM
5°2 042 94°2 w2 £y 2 930 *ININOD WOLOW NIWM
66°2- 19 ”"os- 69°0- 0% °y- 930°NIV1iV=-40-319NY 3IW YW 2810
26°- £s°- g£2°- £3° 1s° 930°9INIddVId TWNIINAISNOY
0°0EST 9°291T V'g20t $°006 2°962 9°0T2 dH*YINOA 03193WW0) W04
4°962 9°412 g2 yopet 2°21% £°80 dHSNDT193UN0D WINOJ S3IWAN0D
0°s 0°0 () 00 0°0 0°e dHONOILO3NN0D ¥3MDd TIVIS
6°990T $°226 9°919 2°022 9°969 %°009 dH UMOd 03ILIFWWOIMNN W01
£°18 s°9g 9°2¢e $%2 322 £°52 dH*UINOI WOLONW VIVi
$°319 $°66% go26e Vo608 6°9g2 et dH*N3N0d FLISVNVJ YOLOW NIVM
6°262 9°se2 e°eL2 4°592 9962 " *052 dH*¥3N0d 37T308d WOLOW NIWVN
6°10t T°60% L1333 8oLt 968t 9°gST dH*Y3N0d 03IINONT WOL0¥ NIVN
9°6 4t 24°687 4%2¢% 2%t 2°68% Q68 S10W1*03I4SUTY O3LYITONT
0%t %0t (T3] 0°02t 0°0TT 0°00t SLOMN®ALTIOVIA
—
.
"2 02 2 =1NN0J NOTLiVN3ILL ©
1 34 6= °9- 3INIOIONT VIVE WINIZIWOM
[0 23 2t (13 =2ONVIVENY  LNINON
9°3s £°0% S°0Y s3NBN0L LN3INId
{ st 9°ag 6°sg =WNSS N4 INDVOL
2" 5%° 63° ) YO10¥ VIVI*9AY
[ {0 s8° e 99 u010W *SAY
%2° tot° e = NN
i Q- 20~ 20°- = VOONVY
18°- 9 °- £~ 930°3 BNV 170% 39VI13ISN4
26°3- 89°3= /T 34 930°H311d II79A9 WNIIVLIINOY
0°2 20 09°t 930 *HO11d ITTI0AD ¥V
32°%% e £L°48 930°3A1132 7709 ¥0L0¥ NIWVN
29°2 ™2 one2 930 °SNINGT NOLOW NTVM
i % - 99 °g- $6°2- 930°%9V11V-40-3T9NV 3IWI IST0
i (Tl et 2°2 930°9NIddVId TYNIONATINGY .
{ 1°2%v9 3°265 2°16$ dH* ¥INOJ 03133¥W0D TVi0L
1 3.1 °0e (3 AH*NOTLIIVWOD ¥INDA SSRINOID
! (] 0 ”°. dHSNOTLININOD WINDS TIVAS
i ¥89s s°sgs 2248 dH*UINOd 031I3WWOMN W10L
_ 6°t2 "°e2 1°62 dH*¥IN0d WOLOY TTVL
| 2°228 317 9°21 dH*¥INOd ILTISVIVL WOLON NTIVM
i 0°982 2°0g2 0°622 dH*¥IMOd 3ITTJ0Nd MOLOM NIVN
i $°843 $°26T 0°60¢ dH'Y3N0d 03INONI HOLOY NIVN
! 80 6L 6°84 S10MN*0334SUTV OILVYITONT
| 0°06 e 0°0s SLONX*ALT0 T3A
{
i LH9I4 T3A3T  NNY VIVD TVINL
i
|
R — ——
S g 3 |0‘|’ -




APPENDIX D

COMPARISON WITH FLIGHT-TEST DATA
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COMPARISON WITH FLIGHT-TEST DATA

Because of inconsistencies and gaps in existing angle-of-attack information, a
flight-test program was undertaken to validate this model. An AHI-J aircraft was
instrumented and tests flown at the Naval Air Test Center, Patuxent River,
Maryland. Data was required for level and descending trimmed flight, with forward
and aft center-of-gravity locations, in-ground and out-of-ground effects, throughout
the speed regime of the aircraft. Both standard and combat load and

clean-configured aircraft were used.

Figures D-1 through D-6 present data that was obtained in a few of the early
phases of these tests. While a model is never truly complete as long as adjustments
and “fine tuning” are still going on, these figures are presented to show the
agreement of the model with test data at this point in time. Areas presented
include angle-of-attack, shaft horsepower, and longitudinal cyclic pitch versus forward
velocity for a number of flights. Flight test angle-of-attack and longitudinal cyclic
pitch are believed to be accurate within +0.5° (due to instrumentation accuracy).

The objective of low cost data has been met quite easily since the average
amount of computer time per data point is 0.03 s.
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APPENDIX E

NOMENCLATURE
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T

Term

% ax

NOMENCLATURE

__Mnemonic

ACL

ALPHT

ALPHV

ALPHW

ALPHOD

ALPHI1D

ALPH2D

Definition Units

Rotor disk area = 7R? ft?
Slope of airfoil section 1/rad
lift curve = dC, /da
forM=0
Slope of fuselage lift 1/rad
curve
Disk plane angle of rad
attack
Angle of attack rad
corresponding to
G £

max
Angle of attack of the rad
horizontal stabilizer
Yaw angle of the rad
vertical fin
Wing incidence angle rad
Constant term in deg
equation defining tail
incidence as a function
of longitudinal cyclic
pitch
Linear term in tail deg/rad
incidence equation
Quadratic term in deg/rad?

tail incidence
equation




Definition

Angle of attack of
the advancing blade
at ¢ =90°

Tail-rotor disk t
area = 1/4 7D}

Aspect ratio for dimensionless
rotor

Horizontal stabilizer
aspect ratio = span/
mean chord

dimensionless

Vertical fin aspect dimensionless

ratio

Wing aspect ratio dimensionless

dCy /da for the
horizontal tail

1/rad

dCy /da for the
vertical tail

1/rad

dCy /da for the , 1/rad
wing

Slope of section lift dimensionless
curve (function of

local Mach number)

for A, lift line

Incidence angle of
i zero lift line

Longitudinal flapping




All

Al2

Al3

Al4

Term

Definition

Al0

All

Al12

Al3

Al4

BETAO

Term in equation
defining AO in terms
of Mach and AOINC
AO=AOINC (1 +A4 -
M* + A10 - M10)

Term in equation
defining AO

Term in definition of
THET2 .

Bi,/2 - u3/8
Atl = 4(uBg, u3/8)

B} (B} - 1#2/2)
Term in definition of
THET?2

8“30

A2= 382~ D)

Term in definition of
THET?2

2uB}

Al v —atet
B2 - u/2

Term in definition of
THET?2

B3 +3u?/2

Al4=
B} - 1?/2

Number of blades on
main rotor

Main rotor coning
angle

Term in definition of
xl
B,=a, - ué, -T

dimensionless

dimensionless

dimensionless

dimensionless

dimensionless

dimensionless

rad

dimensionless
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Term

Bll

ig

<l

CGS TA

Mnemonic

Definition

Units

Bl

Bll

CASE

CCOUNT

CDBAR

CDBT
CGSTA

Number of blades on
tail rotor

Effective dimensionless
main rotor radius
(accounts for loss of
thrust toward blade
tips)

Lateral flapping

Term in definition of
lateral flapping (8,)

4uB,

Bil» wipmae
3(B2 +1/2 u?)

Mean chord of main
rotor blade

ALPHANUMERIC
TITLE OF RUN
(up to 80
characters)

Internal counting
array

Estimate of coefficient
of drag (main rotor)

C, for the tail

Center of gravity
station

E4

dimensionless

dimensionless

rad

dimensionless

ft

dimensionless

dimensionless

dimensionless

dimensionless

in.

R, )
3 :’%‘}‘ 1
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Term

Mnemonic

CHAY

CLBAR

CLBT

CLMAX

CLT"

CLTMXN

CLTMXP

CLW

CLWMXN

CLWMXP

CLO

CMALP

Definition Units
Ratio of rotor hub ft-lb/rad
moment to a, due to
hinge offset
e 8 I L5
B 8
‘i 2Wr
W-*R
Average main rotor dimensionless
coefficient of lift
C,)
Average tail rotor dimensionless
coefficient of lift
Maximum coefficient dimensionless
of lift
Tail lift coefficient dimensionless
Maximum C; _in the dimensionless
negative (down)
direction
Maximum C,_in the dimensionless
positive (up) direction
Wing lift coefficient dimensionless
Maximum C,_ in the dimensionless
negative (down)
direction
Maximum Cg_ in the dimensionless
positive (up) direction
Fuselage lift coefficient dimensionless
at zero angle of attack
Slope of fuselage 1/rad

moment coefficient




Term

Crr

Crr

CPP

CPPT

CTR

Definition Units
Fuselage moment dimensionless
coefficient ata =0
Internal counter for dimensionless
convergence scheme
Power coefficient dimensionless
Correction to power dimensionless
coefficient due to
compressibility
Profile power dimensionless
coefficient (main
rotor)

Profile power coefficient dimensionless
(tail rotor)

Correction to power dimensionless
coefficient due to

stall

Term in definition dimensionless
of X,

C,=ur+ A

Coefficient of thrust dimensionless
main rotor

Mean blade chord dimensionless
tail rotor

Coefficient of thrust-tail  dimensionless
rotor

Drag b

B S

e




Term

8V

Vi

Swvr

de/da

d(f(WVT))

D,

Dy g

Mnemonic Definition Units
DELAT Change in tail angle of rad
' attack due to downwash

DELAW Change in wing angle of  rad
attack due to downwash

DELMD Term in definition of dimensionless

: CP

AMd = M - Mgt - 0.06

DELV Velocity increment ft/s

DELVKT Velocity increment kn

DELWVT FWVT/DFWVT (used dimensionless
in convergence
scheme for WVT)

DELO - Term in definition of dimensionless
C, (input)

DEL1 Term in definition of dimensionless
C, (input)

DEL2 Term in definition of dimensionless
C, (input)

DEL3 Rate of change of blade dimensionless
pitch with respect to
blade flapping (flapping
hinge angle)

DEPDAL Rate of change of dimensionless
downwash angle at
tail with change in
wing angle of attack

DFWVT Derivative of dimensionless
FWVT

DI Induced drag Ib

DMR Main rotor diameter ft

PORPTRIRY




Term Mnemonic . Definition Units

i D s DNOM Intermediate term in dimensionless :
(Cont’d) : calculation of All - Al4

DNWSHK DNWSHK Arbitrary correction to  dimensionless 2 i
downwash at tail due to
wing (normally 1)

Dp DR Main rotor drag Ib

Tail rotor diameter ft

o
3

Drag due to dynamic b
; pressure and flat
i | plate area

o
3

e E Flapping hinge offset dimensionless
as a fraction of rotor
radius

rotor-induced power
above ideal
®; =Py (¥ ED)

{
1
?
{
|
%
i’ ElI El Fractional increase in dimensionless
|
f F Equivalent flat plate ft2
area in the horizontal
direction
FIGE Correction to account dimensionless
for operation in
ground effect

Fl(.‘v E

FUSEMK Arbitrary correction dimensionless
factor to fuselage
moment

o—————————

fv FV Equivalent flat plate ft2
area in the vertical
direction (adjusted
to match power at
hover)

f(WVT) FWVT Function of WVT dimensionless

E8
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Term

Tr

GwW

Rt N

o aartalnilli SRR i

F3

F4

GAMF

GAMMA

GW

GWI

Definition

Units

Term in definition of
coning angle

B}
Fl = ?

Term in definition
of coning angle
F, = 1/4 B}(B} +u?)

Term in definition of
coning angle
F, = B}(1/5 B} + 1/6 u2)

Term in definition of
coning angle
F, = 1/3 uB}

Term in definition of
coning angle (lock
number)

L3 Cpao incR‘

Tr
Term in difinition of
B, and C;

re Oy ax ~ 90 .8 02
¢ K, g po

Aircraft gross weight
(input) internally
modified to indicate
component of weight
perpendicular to flight

path
Aircraft gross weight
Height of main rotor

above center of
gravity (cg)

E9

dimensionless

dimensionless

dimensionless

dimensionless

dimensionless

ft




Ll s

Term Mnemonic Definition Units

% HE HE Height of engine thrust ft 2
i above cg
% : HP HP Total uncorrected hp >
i r 1 horsepower
! HP, . HPACC Accessory horspower hp
¢ HP_ HPC Compressibility power hp
4 vor-ection
E |
{ HP, HPI . «in rotor induced hp
E | power
-
3 HPp HPP Main rotor profile hp
; power
: g .. HPPAR Main rotor parasite hp 5 i’
é i power {3
HP, HPS Stall power correction hp
E i
1 1 HP, HPT Tail rotor power hp

Total corrected power,
i.e., HP corrected for
accessories, stall, and
compressibility effects

Height of main
rotor above the
ground

Height of tail rotor
above cg -

Height of vertical fin
center of pressure

above cg

Blade moment of inertia
about flapping axis
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Term

MCRIT

Mnemonic Definition Units
KBETA do/dp =15, dimensionless
effect
KP Constant in expression dimensionless
for rotor profile power
P, =Pp (1 +KP" u?)
where Pp b profile
power in hover
KS Factor which varies stall  dimensionless
correction
B./20+ + -B
3 ...!Z_T.._x‘_ for =k %1
i F =X, 201
K =
1 for ﬁ =1
20,
Fuselage lift Ib
Lift at tail Ib
LAMDA Ratio of the net dimensionless
velocity up through
the disc plane to the
tip speed A= V- w/V,
LT Horizontal distance ft
from tail rotor to cg
LV Distance of vertical ft
tail center of pressure
from cg
M Mach number dimensionless
Moment ft-Ib
MCRIT Critical Mach number dimensionless
of advancing blade at

¥ (azimuth) = 90°
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Term

MCRlTo

MFUSE

MOMENT

MOMENT, ., 3,

MTA!L

Mnemonic

MCRO

MFUSE

MOMENT

MOMNTI1(2,3)

MTAIL
MU

MW ING

Ml

Definition Units
Critical Mach number dimensionless
forC, = 0
Moment due to the ft-1b
fuselage
MOMENT unbalance ft-1b
(total moment about cg)

Measures of moments ft-1b

at different angles

of attack (used in

convergence scheme)

Moment due to tail ft-b

Main rotor advance ratio  dimensionless
(ratio of forward velocity

to rotor tip speed V)

Advance ratio for dimensionless
tail rotor

Tip Mach number dimensionless
Moment about the ft-1b

flapping axis due

to rotor weight

Moment due to wing ft-lb
Constant in definition dimensionless
of critical Mach

number Mo i1 =

Merir ¢ C

Load factor = 1 + a/g dimensjonless

where a = acceleration
in direction of rotor
thrust




Mnemonic Definition Units
OMEGA Rotational velocity rad/s
P Power ft-lb/s
PCTQ Percent torque dimensionless
PHI Fuselage roll angle rad
Pl Rotor induced power ft-b/s
PIE 3.14159 dimensionless
PIT Tail rotor induced ft-Ib/s
power
PP Main rotor profile ft-lb/s
power
PPAR Main rotor parasite ft-Ib/s
power
Profile power required hp
in hover
PP, Tail rotor profile
power
PRESS Air pressure at
operating altitude
Main rotor azimuth
angle
Q Dynamic pressure
Q=1/2pV?
Qv Dynamic pressure in

the vertical sense

Qy =1/2p w?
where w = downwash
velocity at rotor

E-13
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Term

RTRp vk

RTRg1 A

SHP

m ax

Mnemonic

RHO
RTRDWK

RTRSTA

SHPMAX

SIG

SIGT

ST

Definition Units

Main rotor radius ft
Air density slug/ft3

Rotor downwash dimensionless
constant arbitrarily

varies downwash

from rotor acting

on fuselage wing

and tail

RTRDWK > 1 = increase
in downwash and vice
versa

Main rotor axis in.

* station

Arza ft2

Value of shaft hp
horsepower

corresponding to

TRQPRS on torque

pressure (%Q)

calibration curve

Main rotor solidity dimensionless

BC
SIG = R

Tail rotor solidity dimensionless

2
SIG = ._B_C

1rDt

Horizontal tail ft2
planform area

Vertical fin ft2
planform area
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Term Mnemonic
Sw Sw
T T
T TAU
TE TE

TEMP

0
0p THDES
61 THETT
0, THETO
6, THET1
6, THET2
0,. THET2N
0,, THET2P

Definition

Units

Planform area of
the wing

Main rotor thrust

Term in definition of

Bo

T=

IFw

Thrust due to engine
exhaust

Air temperature at
operating aititude

Pitch angle

Aircraft descent angle
(negative if ascending)

Total blade twist
from root to tip
(negative for washout)

Main rotor collective
pitch

Main rotor lateral
cyclic pitch

Main rotor longitudinal
cyclic pitch

Maximum negative
value for longitudinal
cyclic pitch

Maximum positive

value for longitudinal
cyclic pitch

E-15

ft?

b

dimensionless

Ib

°C

deg

rad

deg

rad

rad

rad

deg

deg
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Term

Mnemonic Definition Units

TI Initial main rotor Ib
thrust estimate

TLSTA Station of tail center in.
of pressure

TRSTA Tail rotor station in.

TT Tail rotor thrust Ib

TTL Distance from cg to ft
tail station center
of pressure

TTLV Distance from cg to ft
vertical fin station

Ti Term in definition dimensionless
of 6,

L = 1/2(B +1/24%)

T2 Term in definition dimensionless
of 6,
T, = 1/3B} + 1/24?B,

T3 Term in definition dimensionless
of 0, Y :
i 1/4 B;(Bj +u )

T4 Term in definition dimensionless
of 0 0
T, = 1/2 u(B} +1/4 4?)

A"/ Aircraft speed ft/s

vC Speed of sound at the ft/s
given operational
altitude

VFIN Highest aircraft speed kn

to be considered

E-16
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Definition

Aircraft speed

Local velocity at the
point where fuselage
lift is assumed to act

if

o Local velocity at the
horizontal stabilizer

) E Main rotor tip speed
due to rotation
Vo = QR

VTSTA Vertical fin station in.

VTT Tail rotor tip speed ft/s
due to rotation

Weight of main rotor
blade/ft

Downwash velocity

| W Downwash velocity
I where fuselage lift
is assumed to act

_ . Downwash factor from dimensionless
! main rotor onto

fuselage

Downwash factor from dimensionless

main rotor onto tail

Wy Distance from cg to
wing station

Wing station

Tip weight




Term Mnemonic

Wy

W/, WVT
W/VT, WVTT
X, XS

% X0

Y Y

Definition

Units

Downwash velocity at
the horizontal
stabilizer

.Ratio of main rotor
downwash to tip
velocity C./2u

Ratio of downwash to
tip velocity of the
tail rotor

Distance aft of cg
where fuselage moment
and lift are assumed

to be acting

Radius outboard of
which main rotor
blade stall may be
present

Radius inboard of
which main rotor
blade stall may

be present (due to
inflow ratio and
blade twist)

Distance between cg
and RTRg ,

ft/s

dimensionless

dimensionless

dimensionless

dimensionless

ft
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