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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.
Barnes W. McCormick, Head , Department of Aerospace Engineering, Pennsylvania
State University under contract to the Naval Surface Weapons Center (NAVSWC),
Dahigren, Virginia. The work was performed in the Air-Launched Weapons Branch,
Exterior Ballistics Division, Strategic Systems Department, under Naval Air Systems
Command Airtask Number A532-5323/009-2/7-~00O0O0-20, Work Request Number
N000 1977WR787 12.

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

BACKGROUN D 
-

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.

L 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 thne-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 deliver y. 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
minu s one half degree. For operating time, the object ive 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.).
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RATIONALE

GENERAL

The Basic Helicopter Performance and Control Model is a Fortran Extended
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
with Fortran to set up and run the Basic Helicopter Performance and Control
model . Appendix D provides a brief compariso n with actual AH-1J helicopter flight
test data. Appendix E provides a list of symbols and defmition s.

The method employed in generatin g trim parameters is a moment-balancing
iteratio n technique . Flight parameters are input , an angle-of-attack estimat e is made
and the resulting control angles, forces , and moments about the aircraft center of
gravity are then compu ted 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. Th is procedure is
continued until the moment unb alance 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 .

HELICOPTE R TRIM -

A helicop ter is “trimmed” when the sum of all of the moments abouc the
center of gravity (cg) is zero , and all forces are in balance. The moments considere d
include contributions from the rotor , fuselage , and horizontal tail. For all 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.

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
distance (Q 1) 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.

2
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Figure 1. Helicopter Forces, Moments, and Relative Velocities

- The angle of attack of the tail is reduced by the downwas h from both the
- rotor and the wing (not shown) ahead of it. The resulting angle of attack is given
- 

- 
as a~. Fuselage lift (L), drag (D), and moment (m) are assumed to be acting at a

- 
distance (Xf) aft of the cg as shown in Figure 1.

The resultant forces are shown in Figure 2. To account for descen t , L is
neglected and a and a1 are assumed small so that

,1 I

— 

Figure 2. Forces on a Helicopter in Steady Descent
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W CO$ O D~~~~T

and

-

~~ I W Sin OD ~ T sin (a+a 1) + D

For level flight:

W - ~~T

and

0 ~ T sin (a+a 1) + 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’~~~W cos 80

and

D’ = D - W s i n O~

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

D I/2 pV2 f
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1/2 pV2

which implies

- D -W Sin OD — f  W Sin OD
1/2 pV 2 — - 

lf2 pV2

SJ MPL II1ED TH EORY OF TRANSLATIO NAL FLIGHT

Rotor aerodynamics and dynamics parallel the tr eat i~tent given in Reference I.
Cursory treatm ent is given below.

Downwa sh velocity (w) for a lifting rotor in forward flight can be defIned by

w~~~~~~~~~V’

which implies

wir~R
r - _ _

-; I v’

Since the aspect ratio PR b2 /S where b = 2R (R rotor radius), we have

— 
wir4R2

- - 
Cr sv’ -

and

-

~ T = C~. qS = 
wir4R2 ~~~~~ s = pV’wR 2 2w (1)

where p = air density and V’ is the vector sum of induced (downwash) and
translationa l velocities.
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Induced power (P1) now becomes

I i \  T2
P1 = Tw = T(~pv~TR 2 2) 

= 2pV’wR2

To account for the increase in induced power above the ideal, the term El is
introduced. The resul tan t equation is

T2
P1 (1 + EI)Tw = (1 + El) 2pVirR2

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 forwa rd flight is

P = T a V + P 1 T(aV+w)

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

PPA R DV

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

= 
~~~~~~~~~~~~~~ 

- 

(2)

6

IIiIi___~~ 

—



P -
~~~~— ‘  

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

-- _ _ _ _ _  -

From Equation (1), substituting for V we obtain

T = p(V2 + w2 )~’2 tR 2 2w = 2piR2(V2 w2 +

which implies

(V2 w2 + w4 )1 /2 = 2paR 2 =

or

V2 w2 + w =

and, using the quadratic formula, we obtain

or 

w2 = _V 2~ %
f~T4 + (~j

w

For a constan t value of C (chord length), CQ , and an assumed constant value of
Cd, P~, can be defined as

Pp = Pp 0(l + M 2 )

where

Pp 0 = profile power required in hover (p = 0)

= C~~pAV13

7 
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where

C~ = profile power coefficient

= -j— for a constant CQ

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

= 2~
2 P~

Because of similar ity of form , we include this in profile power to get

P~, = P~~( l + 3 ~
2 )

The coefficient of p2 varies from manufacturer to manufactu rer. Because of
aerodynam ic uncleanliness of the root end of the rotor blades, ~~is constant is
usually increased in practice to at least 4.

ROTOR DYNAMICS

Two dimensionless ratios are ascrib ed to a g ven state of rotor operations: tip
speed ratio (p), and inflow rati o (X). The rati o of rotor translat ional velocity to the
velocity of the tip due to rotation is p.

V V

Inflow ra te , X 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.

8
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If w is the downwash velocity at the rotor and if a is assumed small , then

A _ Y a W
- 

VT

Collective pitch (O n ), total twist (0T~ ’ 
lateral cyclic pitch (O

s
), longitudinal

cyclic pitch (02 ), coning angle ($~), longitudinal flappin g (a 1 ), lateral flapping (b 1 ),
disk plane angle-of-attack (a), tip speed ratio (jO, inflow ratio 0), and thrust
coefficient (Cr ) 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

CT = ~~ EAT 1 +(O
o 

+K ~~0 )T2 + OT T3 +(0 2 - K~b 1 )T4 J

If we assume lateral flappin g (b 1 ) 0 and solve for 00,  
we obtain

00 = - AT 1 - K Ø P0T2 - OT T3 - 02T4]/T2

where T~, T2, T3 , and T4 are functions of p and B0 is the effective dimensionless
- 

- 

- main rotor radius .

— = ~~(B~~+~~ P2) T3 = ~~B~(B~ +p 2 )

T2 
= ~~(B~~+~~~~2B

O) 
T4 =

where

a = section lift curve slope
a = rotor solidity

CT is obtained from an average thrust giving the same impulse/revolution as the
time-varying thrust.
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m. coning — ~~ cen be ~~tM~ d from

so ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

or, assuming lateral flapping (l~~) 0,

7i 1~~i +80F2 +K,50F2 +OTFS +02F41 -

where

F~ = F3 = B~(~
B~+ 

!~~
‘
\

F2 = ~ B~(B~ + p2 ) F4 = ~~

= - ~~— CpaR4
T 

‘F~~ 
21p

I
~ 

is the blade moment of inertia about the flapping axis, and M~ is the blade
weight moment about the flappin g axis.

Longitudinal flapping (a 1 ) is given by

a 1 = X A l l + ( O o +K fl~o )A 12 +O T A l3 + ( 0 2 _ K
~b l )Al4

where

All  = 
4(pB~/2 - p

3/8) 
A13 = 

2pB~

B~ ~~~~~~ 
- ~~ ~ 2) 

- ! ~ 2

2
8pB0 ‘~0 2~~

A 12 = A14 =
3 - !~~2) 

- !

10
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Letting lateral flapping (b 1 ) = 0, and solving for 02 , one obtains 
-

~
- 

-

0
2 

= (al
_ XA ll- (O O +K,Po)A12 OTAI3)/AI4

4

Lateral flapping (b1) is defined by

b 1 =~ 0B l1— (O1 — l (~a1)

where

Bli = 
4pB0

3(B~+~~N2)

Letting b 1 = 0 and solving for 01, we obtain

0 1 = ~0B ll +K ~a1

- 
CORRECTION FOR BLADE STALL

~

- 

Reference 4 gives a correctio n to the power coefficient given in Equation (2).
i This correction (Cp )  accounts for the increase in rotor torque due to retreat ing

blade stall. c~, is based on the following assumptions: (I) a jump of 0.08 occurs

in the section drag coefficient at stall , and (2) t1~ disk area within which blade
stall exists is a pie-shaped segment of minimum dimensionless radius QC~) that Is
symmetric about ~‘ = 2700 (Figure 3). With these assumptions, C~ can be defined

I as 
$

C, — ~~~(l
_ M)2(l_ X .)V1~ X~ . (3)

- 
11
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STAU.ED REGION

F Figure 3. Blade Stall Pattern

The dimensionless radiu s (X1), 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 am ~~~~~, the angle of attack corresponding to CQ 
ix ’

If 0 is the pitch angle of a rotor section relative to the disk plane, the angle
of attack of the section is given by

V~~cos , b + w + r~ -Va
a(r , 4)  = 0 — _____________________

~Zr + V s in  ‘p

where r is the radius to the section. Dividing top and bottom by fiR 
~ T ’  we

obtain

w r Op~ cos ‘p + — +—~~ - paYr R a &

~~+ps in ’p

or , since r/R = X and A = pa - w/VT

a(r , ’p) = - i~O cos ‘p + ~((p/fl) - A 
(4)

X + p sin ’p
1

_ _ _ _  
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If one substitutes for ~3 and 0 using

O = O 0 +0~ X + O 1 cos ’p +02 sin 4 ’+K0O
I

• and

~3~~~~0 -a 1 cos ’p -b1 sin ’p

and also using the fact that

(1 = a1 s in ’p - b1 cos ’p

one obtains , from Equation (4)

- 
- 

- 
I a(r, ’p ) � O0 +O 1X + O 1 co s ’p +02 s i n ’p + K~(Ø0 -a 1 cos ’p -b1 sin ’p)

- 

- a 1 cos ‘p - b 1 sin ‘p) cos ‘p + X(a 1 sin ‘p - b 1 cos ‘p)- A
X+ p sin ‘p

Assuming b1, lateral cyclic, is equal to zero , one obtains

~~
r ,’p) 00 +01X + 0 1 c o s ’p + O2 si n ’ p + K~~ 0 - a 1 cos ’p)

- 
g43~ cos ‘p - a 1 cos2 

‘p + Xa 1 sin ‘p - A
X + p s i n ’p

Setting Equation (5) at ‘p = 2700 to am ax results in

am ax = 0~~ + 0T X~ - 0
2 

+ + 
X,- ,~ 

(A + X1a,) (6)

13
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or, equivalently
S

am *x (Xs~~p) =
S

or

8T X~~ + (~Gm aX +0
0 
- 

~
0T - 0

2 
+ + a 1 )X1 + (am ax 

- 00 +0 2 - K~,~0)p + A = 0

or, letting

r = amax -00 +02 - K ~O0

Ca pr +A

j 
B3 a1 -p01-P

one gets

= 
_ B$ + %fü~

2 _4 8T C (7)

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 blad e 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. 
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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 is the other root

- of Equation (6) and is given by

= 
B _ %I~

; 
48r C (8)

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 vary ing
values of p.

- ~~~~~~0X*IATiO
• • 77’ $TML~~ ~IGI0NI
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Figure 5~ Approximated Stall Regions
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As X0 approaches X
1
, the correction for stall (Ce ) must vanish. As the average

of X0 and X
5 

approaches unity, C~ must approach that given by Equation (3). If
one combines Equations (7) and (8), the following equation results •

Xo +X i
2 28T

Therefore, the factor K1 is defined so that K1 I for ~B/2OT ~ I and
decreases linearly to zero as X0 approaches X, (i.e., -B/20T -‘ X

1
). The resulting

equation is

Cp c 0RRE cTED = KC,

F where

I~& \
(2 e T +~c J  for - -a-- <~~~

• K =  \ l- X 1 / 20T
$

B —I for —
~~~~~~

—
~~~~~ 1

CORRECTION FOR COMPRESSIBIUTY EFFECTS

Reference 5 provides evidence that for a p of at least as low as 0.2 to as high
as 0.5, compr essibility losses can be expressed as an incremen t in C, /o. This
increment is a fun ction of the amount by which the drag-d ivergence Mach number
is exceeded at the tip of the advancing blade. Reference 5 also states that
experimental data show the dra g.divergence M ach number to be approx imately 0.06 —

higher than two dimension al tests would ind icate .

From this reference the following addition to the power coefficient can be
form ulated to account for compressi bility :

C, = o(0.012AMd + 0.100(~ Md) 3 )

16
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where

= M.,( l + p ) - M CRIT - O.O6

or, since MT is the tip M ach number

VT VT +V
AMd = ~~

- (1 +p ) - M CRIT - O.O6 = 
~~c

where 
-

MCRIT is the critical Mach number of the advancing blade at ‘p = 90°. Using
Equation (5) and setting ‘p = 90°, X = 1, and b 1 = 0 one obtains

• a90 = 00 ~
0T +0 2 +K~O0 + (9)

The following expressions are used to estimate Mc R ~T

MCRIT = McR I T  - m1 C2

where Mc R IT 0 ’ the critical Mach number for C2 = 0, can be obtained for various
airfoils from Reference 6. For the advanci ng blade at ‘p = 90° , one obtains

C5 = A 0 a90

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

Thus,

M‘ CRIT CRIT 0 1 0 a90

‘7

I’
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I PROGRAM MAj N(INPUT,OUTPUT ,TAfI 5u 1NPUT,TA PL~~ OUT PUT)
C
C BASIC H~LIC~ PT~ R Pc.RFORNANCL M ND CONTRO&.——NCCO kMI CK
C

5 REAL I4CkO,Ml, $U ,IFA ,LAMDA ,KP ,KS.M,KIETA.LT ,NUT ,MCRIT ,N,LV ,NUNI.NT
kEN. Mu Ftt 0~ ,MW ,LAMU0),liOf.N Ti ,NONhT2,MFUSE,MTAIL .MW ING
uII~ENSIuN ovNoT (io),oNpI (1G~ ,oHpp Ito ).oNppARIIs) ,c~Ilps(1o),cINPC ug l
OII-~ P4SIUt4 OCL0TIi0 ),OC~~ AR (I0),CAsL (2O),GCouNT (IO) ,OKPT (t0),

IUHP(1o),UIP TL.I1 o ) ,oA Ig la I,GALPPIACIO ) ,Oe ETA O( iQa,O T , I ETOIIOP,
10 2OT hLTI (1 C) ,OT H LT2 UO) ,0 M1(I0)

• OI~€NSION ~TpRtsg ta),optoNNT(19I,oALpsrg10),3rPcrQ~io),ovIN0 IS)
C
C INPUT
C

15 kEi~U(5,I0I) CA S~C A iR FO IL DATA
k~ *U(5, L00~ DEL0,0ELI,DEI.2,Ct MAX ,A0INCD,A~ ,Al0 ,NCR0,M1

C FUSLLAGt~ AND GENERAL DATA
kEAD (5 ,L00)F,FV,RTRSTM,CbSTA,K ,GW, L,N0,C~4ALPO ,EI,KF ,AFO .CL0,XF .

20 IN,HT,SHPNAX ,TNQPRS ,DNWSHX ,HPACC .I%flOWK.TL ,HE,FUSEMK ,THET 2P,IHET2l
C TAIL. T . L M  SURFALE DATA

R~ AD (5 ,100) ST ,ALPHOD ,ALPHID ,ALPHZO ,ART ,TLSTA ,CLTWXP ,CLTIIXN
C VEtTIL AL TAiL SURFACE DMT A

~tEAD I5 ,100ISTW ,ALP K~1O ,ARV,VTS IA ,H~
25 C M AIN ROTOR DA TA

~EAO(5 ,  100) VT ,L ,MR ,b,C ,W ,WT ,L,D~ L30 ,TH~ TTO
C TAIL ROTOR OA TA

• REAO (5 ,100) VIT,O T,bT ,CTR ,TRSTA
C 3PLRA Tii~G CONO ITIUNS

30 ~EAD (5,100)DELVKT ,VFIN, ALT ,RH0,TLMP ,PRESS, VC,T HOESC,HkTR
C
C IF RHC HOT ~QUAi. 0. iNPUT OEHSITY AN U ~C AR~ USED
C £F ~HO EQUA l. 0. AND TE M P = 99~. ST*NOARO ATMOSPHER E IS USED
C IF RHO ~QUALS 0. AND Tt.IlP Nor £Q~lAL . 999. NON STANUARU ATfl0~PHERE IS

.35 C COMPUT l.O USING TLN P A ND PRESS —

c
,~F (~~HO .Nt .  0.0 ) GO TO 40
~FITt.MI ~ .EQ. 999.)G0 TO 35

- - TEMP = 1.8 ITE MP + 273.15)
40 RPIU = •0391462’PRLSS/TEIII /J2.L7I.

VC = SQRT (2.923956 PRESS/RnO)
(P0 TO 40

3!~ HTH = ALT / i to  0.
Tt . HP 518. 60 — .0O35b6~ ALT

45 RHO .0023769 ( 1.0 • NTH 4 I— .02875 + •0002?5 ’ HTH)
VC 49.~~2 SQRT (TEM P)

C W IN G SURFUCE CATA
40 READ I5 ,i00) SW ,ALPKWD ,ARW,WkGSTA,GLWM X P,C1.WNXN

~RiNT 50 ,OL &.0 ,OtLi, OE4.2,CL rAX ,u0.~NC D,A 4,A 10 ,H~ R0, MI
• 50 PRiNT 51,F ,FV,R TRSTA ,CGSTA,H,G W ,cNO,CNALPO,EI,KF,AFO , CLO ,XF,N ,HT.S

ZHP$AX ,TR QPFS ,ONWS HK ,IPACC ,RTRDWK ,TE ,HE,FUSEMK,THET2P ,THET2N
PcINT 52,ST ,ALFHOD ,ALPH lL~,MLFN2D ,ART,TLSTA.Cl. TMXP ,CLT NXN
PRINT 53,STV,ALPHV~J ,A RV,V TSTA ,MV
PRiNT 54,~~T ,DMk,B,C,W ,i4T,E,DtL .’O,TH~~TTO

55 PR~hT 55 ,VTT ,OT ,oT,CTR ,TRSIA
PRiNT 56,0ELVK1 ,VF iN,ALT,RHD,TE ,PRESS ,~ C,T HDESO, N RTR
PR .~NT 57,SW ,ALi- HWO,A ,~W ,WhG STA ,~~LWNX *~,CLWNXN

A-I

I, 
- ~
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PIt.aJ. 14159
GWI ~ GW

60 F~ =F

FIGE CL . — 1./(1. + 2.667 (HkTk/R)~~~2)I
R T RDWI ( a ~T RDW K~FIGEA =FI(eR’R

65 OM tGA ZV T/R
WL (W NGS IA—GG S TA )/1 2.
TTL=( TLSTA— CG STA) /12. —
TT L~ = IVI STA — CGSTA )/12.0 —
LI = (TR STA — CGSTA)/12.

70 Y=(IkTPSI A—C GSTA)/12.
GW GWI
~=0.
V K NO T :0.  

-OLL~ = D~ LV KT ’1.6878
75 s0i NC AQiNC D 57.3

aF AF O~ 5 7,3
GMsLPa~ MALP 0 7.3
ALPHW AL PHW D/57.3
MkMU ALFHO OI57.3

80 AL. Psli~~ALPH1D
A LPH2 ML PN2Ca’51.S
ALPH~aA L PHV C/57 ,3
ALFHT I ALPHO
THu~S THUESD/57.3

05 u~L3 OEL 3U/ 57.3
KIETA=—O ~ L3
TNETT =THETTO/57.3
GI4ZGW4(.QS(TMOES)
M.PNWI AL PH W

90 £DRAR’ .OI
W FNC C I. +H/ SQRT CH’H+i~~k) )•RTP.DWK
W FACT=(1 .,5i~~TCH -+H ,TTL1TTL)/SQRICH~ H+T TL~ TTL +R~k)) RTRDW K
WR1TL (6,203) CASE

347 NCASE -0
C
C START OF TRIM
C

CO 500 ICASEZ1,I0
ALFHA —20./ 57..3

-
- 100 A LFHA2 20./57.3

• NCASE NCASL +1
- - @RHO~~V~~~2/ 2.

I F ( Q . L Q . C . J Gu TO 410
FZ FI—&WI+ SINIT HDE S)/ Q

105 410 CONTINU E
AT 5 ,7IØA RT/4Ak T 42.’ (AR T+4. )/ * * RT 2.) )
A~4~5.73~ A RW/ ( A RN -+2. ’(AR W+4. ) l ( A ~ $+2.I )

- A T V * 5.T3 A RiW ( ARV+2 . (AR V.4. ) / C A RV+2,) )
OEPOAL a2.~ AW/AkW l P IE+ONWSHK

110 EV~ Q AT V ALPM V ST V
MU V/VT
DNOH~0.941—N U~~ 2I2.
A11a4,~~IPl Ue ,94j ~2,~ MU~+3#5,) / .941f0NOM
A12a6. +NU+,97/3./ONOM

- - 
A-2
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115 A 13s2. ’NU0.941/ONON
• At4a(.94L+t.5 ISU~~ 2I/0kOM

611*4. ‘HU+. 91/3,/ *. 941+NU~~2/2.)F ja,354
F2a .9%1+(.9 41$1U 2)/4 .

• 120 F3a ,91~ ’I.94I/5 NU’ 2/6. )
F4atW ~ . 304
11 (.941+NU’*ZlZ.)/Z.
T2 .304+ .91’$IU~ *2/2.
T5a .941/4.+(.941+MU ’2)

125 T4z$U/2. ~ I.941+NU ’2/4.)
MW a CR—E )~~~2’W/2.+(R E) W T
ZFA zW/J . ’(R—E )~~~3*W T (R-L)~~~2
1FM 1FA132. Z
TAUaMW/IFMOMEGA~~ 2

130 GANFZC*lkHO+AOINC+R*+ 4/2./IFA

ACL A SXN C
~ )4~~~a B’w/32.2~ oME~A’~2’t ~* R/4. ‘~ t.+2 .~~WT/W/R )
DRaV~ o~ G•GD8AR RNO’R VT44 .

135 T G W ~ N
00 64 INT • 1,10
I.T*T/A/ RNO/VT/VT

L SZ GIB~C/PIE/R
t PHI = —DOl T
• 140 ,4~ T~SQRT (.5’t— MU 2+S~~ TtNU~~ 4+GT 2)))

00 62 JWT • 1,10
FIIVT * W~lT~~ 4 — 2,’NU~PHI~ WVT ”3 • M(J~~~2’WVT ~ ’2 • 4CT /2.)~~’2
OFWVT z 4.~~NVT~~~3 — 6, ’NU FHX~~WlfT~~~2 • 2, NU Z WVT
UtLt4V T a -FW~T,OF bsVT

145 WVT a e~v T  + ()ELWV T
IF tDE

~~
i
~~

1 •LT . .05~ WV T ) GO TO 61
62 CONTINUE

PRiNT 63
— 

- 63 FORNAT (~ WT Clu NUT CUNVL RGE )
- - - 1 150 61 CONTINUE

T a ‘*~~tGW + kHU/2. (WV T WF AC VT)~~~Z FV)
C72 =
ZF (Aa S L CT2 — GI l /CT •LT. .01) G~ T3 65

64 COMTINIJE
155 65 T1 T

DELATZ 0.
DELAW O.
IF(NU.EQ.Q.)GO TO 411
DELA TaWV I ,MU Ci.+SQRT4H~~ 2+TTL ’2)IS MT(H’ 2+R’ 2+tTL ’2))’RTR0WK

160 O~~LAT = A TAN COt LAT )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0E4.AW z A TAN ( D LL AW )

411 CONTINU E
ALE HTZAl. PHTI—OELAT

• 165 MLFH~laA LPHW I— D~.LAW
COl.54T 0.
SW! 1CM *0.

23 (.LW2AW4 C~.LP l*+ALPfr~~)
LF(CLW.LT. C LW N) CLW CLWMXN’COSICLW/A)I )

-
- 170 1FICLW.GT.(.LWMX P) CLW (.LW?iX *~~COSICL W1AW )

iF~ SWITCH .LQ. 0. 0) MLPNT ALP)4 S - ALPH1’~2/4./*LPN2 — DELAT

A-3

_ _  —4

-
-
. 

~~~~~~~~~~~~~~
- 4 -

~~~ ::- -~~~~~
-
~-- .~ — — ~~~~~~~~~~~~~~



,
~~~~~

— . .  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 
T~~~~~~~~~~~~

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

-
-

H r

Cl.1aAT IA~ PHT +A LPHA—QE POi4.. ’CLW/AW )
IF(CLT .LT. CLTNXN ) GLT ICLTNXN COS (CL T/AT )
LF ICL T .1,T ,CLTHXP ) LL T CLTHXP*C OS(CL .1/A T)

115 CI&Q.(ST1CLT CLT/AI~T,SW U-W CLW/a*W )/PIE/.85
T TI • U~ (ST CLT + SW~ CLW • k”2~ (MF’ (AL PH A — DF L MW ) + CLO ) )
0 0 0 + O I

C
ldG C START OF C(~l’TROL IDSI1 IONS

C
M* ( l~+V T ) / V C
LA *NU AL P HA .WVT
LAMII CASE ) LA$DA

165 hUf(ILASEl~~MU
THETIZ (2.~CT/A U./SIG—l.ANO A T1I/T2
aET Ao=r..~PIF. CLAai OA~F1,THkT0~F2.T1ETT~F3I — TA U

F 
- 

THETtz6ETA 0•~ t1+K8UA AI.
TIiLT2= (A 1—L MiUk~A 11—ITHE TO ,KEETA 6ETA0 ) A12— THETT’A13 )/A14

190 DO 5 1*1,5
TH~T4z( 2 .~ (T/ACL/S1G—LA OA I1 t(BETA 6ETA0 T2 ThE TT ’T3 THET2 T4 ) /T2

TA0s ~ NNF* (LA f lOAF1+THt T 0 ’ f 2+ K8EtA 8E T A0~~ 2+THET I FJ+THET2 F4) T A
LU

T$ET 1*g ETA 0*~ i I+kBETA+A 1
195 THIT2z 1—LA noA~A 11— (Tth. 1o ,x etTA ’stTMo )’ at2—TNETT ~ al3),At4

IFdTnt.f2 .LT. THE T2N/ 57. 3 )TML T2 * TNET2N/57.S
5 IF~ Tli ET2 .61. THL T2P,5?.3 )THFT~ * THLT2P/57.3

ALpMTaALpHO ,ALpH1’T$ET2+N.FH2eTMEr2~~2 —OLLAT
CLT .AT~ (A lJ H1 ,ALPNA—0EPD~L uLW /A W)

200 IF(CLT .LT .CLTNX N)CLTaC,LTMXN ’COS(CLT /AT )
IF LGLT. GT.CLT rn~P) CLTaC~ Th~P COSICt. T/AT )
4VsRMO/2 .*(W ~T~ VT ) 2
MFUSE = Q~~ R~~ 3 FUSEMK
NFUSE z$~ USE4WF *C~ ~2

205 IITAILLQV+TIL+ST+1 .3
NTA ILa NTAIL +WFA CT~~2
M~ ING=Q Wl.~~~W 1.3
MW P46~ MW INC4 W FAC 2

— N TAXL~ IITAIL—O~TTL4ST4CLT
210 PI W IN1. sw1r46—O4WL 4SW 4CLW

$F US~. a NPUSE $ Q~p~’~ 3~ (CM Q • GNALP• (A L.PHA OELAW) ) XF’Q’R’2’IA
p 1F (ALPHA — O~LA W)  + CLOI

MOM~~ T T’A 1~~ — T Y  +NTAIL+ MWINGe PF USE•OR’H+C$AY ’A l—PI i ’TE
C

215 C START OF CONV~~~ ENCE SCHEME
C

IFISWITGH)21, 22,2’e
22 NONNT1*NONENT -

ALPHA L a AL PHA
220 ALPHA = ALPHA 2

- ,  SWITCH • —1.
GO TO 23

21 MONNT 2~ PIOMENT
a a

225 IFINONNTZ~MONNT1 •LE. 0.1 1.0 TO 32
PRINT 205,ICASE

255 FORMl I~ INITIAL ALPHA S 00 NOT SRACK~T ZERO MONEN T CCOUNT~
4,I 2)

ALPHA • 1.2~ALPNA 1

A4
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ALPHA 2 • 1.2~ALPHA2
230 SWITCH a 0.0

GO TO 23
24 NO$NT 3 • MO MENT

* KEY + 1
IFIKL T .LT. 3) GO TO 23

235 IF(A3S(NCIIENT) — 1.W/550,)2b,26,27
27 IF(NO$NT3~ MONNT2 •GE. 0.) GO TO 25

AL PIMI • ALPHA2
NOMN T 1 a MOMN T2
b0 T0 29

240 24 NUMNT 1 a MO$NTi~ MOMNTVthOMt4T2 + NUNNT3)
29 ALPHA2 a ALPPIA3

• NJHNT 2 a MONNT3
32 ALPHA3 a N~.MNT2’A LPHA 1/IMOMNT2 - ICNNT1) • NONNT1~~ALPHA2I (HOMNT1

1— t%OHNT2 )
245 ALPH A a ALPHA 3

SWITCH’L.
i~)4)MT~~(.OUNT.1.IF(COUNT .GT .50.) GO Tu 26
GO TO 23

250 26 CONTINUE
CCOUNT (IGA SL) COUNT

C
C ST A RT ~~ POWER CALCULATI ONS
C

255 PI Il. +6I) T W v T * V T
CL~ A ks 6 . 4C1/S1&
CDeAR~~tLa + ~ .LL CLBA R +0tL2’CLBA~’2
CPPSSIG CCBAR/b.
P~~CPP R H O A V T  4 43 (j  .+KP~ PlU~ ’2)

260 PPJ,R=OaV
P4PI*PI/550.
HPP PP/550.
HPPAM ZPPMR/ 550.
P P I  + PP • PPAR

265 TTaP/Ol4EGA/LT ~~LV +ITL V/ LT
PIUT *V/VTT
MNEA T*PZt ’C T~~2/4.
GTTzTT/~ HO/sREA T/VTD 2

~~ TT SQk T ( .5~ (—M UT” 2+SQR T (HUT~ ’k.CTT~~~2) ) )

215 PIT (t .stI)~~TT WV1 T VTT
SI GT= 8 T~ GIP /P I~./OT~2.
CL8T 6. ’CTT/SIGT
COdT DEL0+DEL1*CL8T ,DEL2+CLBT~~~2

- ;  - LPFT=SII,T’L08T/8.
275 PPT CPPT RHO4AREA T VTT~~~3’(i.+KP MUT~~~2l

~P T ( ~’IT+PF T I/55O .
HP a HPI + HPP + HPPA R + P$PT
CAMIi A= CLMAX /M O INC •IHC.T0+THLI 2—KSsJA 4OETAO
uS *1—NU4T P4ETT~ GANM A

260 CS=MU~ GAHMA.LAMDA
IFlBS~~~2—4. ~~TH~ TT ’ CS)7 ,6 ,6

6 XSa(—8S +~ QRT (8S~~~2— k.4T$ETT8CSI)/2./THETT
X0

~~
—X S—8S/THE TT

I F (X S— 1 . ) 9 0 0 .7 , 7
- - - 

_
~ 65 900 IF (XS)7,?,8

A S
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o CPS~ SI~..4 t. NU) 2’~~l. X S) S*)kTI1. *S” 2)1Z4./PIL
l Ft I ) tU +XS) l2 . —L. ) S, li.,10

9 KSZ— (0S/2,/THLTT+*SI/I1 . X5)
(PU TO 11

290 10 KS*1.
11 CPS~KS C4~S

D0 T0 12
7 CPS O.

1~ ALP9 QzK8ETA 6EIA0+TH’tT0+TH~ T 2 T ~4~ Tt4(LA$OA *t)/(I.4NU1
• - 295 A0=AO INC4( i. .A4 M’ 4+A 10 N ’i0)
: 

MCRIT flCKO.Mt’A0’AL P90
1FCPICRIT)13,15 ,15

15 iF IN—I.) 14.13,13
13 WRi TEt6,~~001VK kOT

.300 G0 TU 17
14 UELMD BM—MCFi T .06

IF IDELMO) 17,17,16
16 CP(P=SIG’ I.Ole L.ELNO+ .I’Otl.r O J)

(P1) TO 10
305 17 i..PC=G.

18 HPS NHO4M V T J4CPS/550.
HP~ aRHu’M4VT’ 3 CP~/S50.
HPTCaHP.HPS -IHPC
)255 f l ,~ IHPIC— HI-T)

k 310 TT P/OHL. GA/ LT LV TTLV/LT
MU Tz~ / V T T
~ REATaPIt~’0T 2/4 .
6TT TT/RMG/ML M T/VT T~~2
WV T Ta SQkTI.5’I MU T~~ 2+S~~ T (NUT 44CTT 2)))

• 315 PII IL.+EI)’TT WVTT VTT
(.LbT b, CTT/SIGT
CO8 T OEL 0+0~L1~ CLBT + EL2 CLBT~~~2
LPPDSIGT -LO~T/6.FPT=CPPT4RHO4AREA T lITT~~~5 4 1.. KP $IJT’ 2)

320 HPTz(PIT+PPT)/556.
HPTC = NeZ + HPP • $PPAR + ICY • ‘IPACC 4 HPS • HPC
TPRES = HPTC/(.02.3206’VT)

C
C PERCENT TOKQUE COMPUTATION

225 C INPUT DICTATES IF PERCENT TORQUE OR TORQUE PRESSURE IS DeSIRED
C

PCTQ a 180’ (1.I’ C HPTC — HPT — H’MCC) • NPACC) / S’4PMAX
81.— (TT HT, LII MV )/T/H
PHI — liT .%.V)/T—9i

.130 THETLaTH ETI—B i
-

~ ) 
A I AI 51.3
ALPHAO~ ALPHA’ 51,3
BETA O * D ETA O S7.3
THETO *THETO S7. 3

335 T HCTL TNET1 57.3
TfI ET2 TI1ET2 57.3
PHZaPHI45F.3
OTPRE S uCASe. STPRES
OTPCTQ(ICASE) • PCTQ

340 OCLBT IiGASE )~~CLBT
OCLBAkIICASE)~~CLBAR

- - OVNO T (ICASE)*VKNOT

A6
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OVIN OCI CAS I ) • VKN OT~~ QkT (RHU/.0023fl)
OHFI44CA SE)ZHPi

345 Ul4PP (ICA~ E)=$PP
OHPPA.cIICMSE)*FIPPAR
U’-II-SIICASE )aHPS —

• OHFCCI MSL I=flfL
OHFT( ICA ~ E)afP T

350 UHF (ICASLI HP
UHPTCIICMSE) HPTC
OA 1 lIl.d ~SE)aM1
OA LPHA (ICASE) AL PHAO
U9ETAO IICAS E) uETA G

355 OTHLTOIICA St) THETO
OT ~~~T1(I~~A Sc i ’ TH ET 1
OTHET2 (ICAS tJ3THET2
OPIIIIICMSE) FHI
OMONNT IIGAS E) NONEN T

360 UALP MT IICAS E)=A LPHT 5I.3
- V ld+OELV

VK NU T = ~l/1.be78
IFWK NOT .GE SFIN) GO TO 501

500 CONTINUE
365 C

C FINML OUTPU 1 SECTION
C

501 PRiNT 701,(OVNUT (I),I I,NCASL)
PRiNT 750,((PVINO (I) ,1 t,M ASE )

370 PRINT T02,lOl4P~~(I),Ia1,NCASE)
PRINT 78.3 ,(UPIPP(IJ,Ia1,NL,ASL)
PRINT 704,IOHPPAR (I).Ia1,NGASE)
rR~ Ni 785 ,(OHPT(I),Ial ,NCASE)
PRiWI 706. IONPII) ,1 t,NCASL )

375 PRINT TO7,(OHPS (I).Ial,NCA SE)
PRINT 108,C OHPG(I),I*i,NtASE )
PRiNT 109, (OHPTC (Ii,Isi,NCASE)
PRINT 7i Q ,(OAI(I),I i ,NCASL)
P iCINT 711,(C~aLP HA (I),Ia1 ,NCASE )

300 rRINT ?12 ,(U8ETAU (i),Itl ,NCA SE)
PRiNT 713,IOTHETO (i),Ial,NCAS t.)
PRINT 714,COT HETI II),1a1 .NCASE)
PRiNT 715,IOTHE.T2 (I),i l,P4t.ASE)
PRiN T 1i6,(OPHI (I),IaI,NCASE )

• 365 PRiNT ?L7, ( LA M( I) , I= 1,NCAS E )
PRINT F18,(MUF(I) ,I=1,N~ASE )
PRINT 7 LV, ( OC Lb AR (Z ) ,1 1,NCASEI
PRINT 7ZO,(OCLBT(I) ,Ia1,NCASEI
PRiNT 722,I QTP,~ES (I),Ia1,NCASE)

390 PRiNT 72i,IDTPCTQII),Iat ,t4GASE)
PRiNT 724,LUN ONNT(I ),I~ 1,NCASL)
PRINT 725 ,(UALPHT (I),I*t,NCASE)
PRiNT oOO, (CCOUNT II) .1*1 ,NCASL I
ZF(VKNOT .LT.VF IN ) GO TO 347

393 PRINT 727,F
STOP

50 FORMATI• 0El.0~
4,Ft0.S,’ OEL1a’,F10.5,~ OEL2s4 ,F10.5,’ C LNAX ’,

1F10.3,• A0 INCO~’,F10,3,’ A4a4,F10.5 ,~ AIS*~~,F10.4,/,~ PSC~ Sa ,F
210.5,~ I41~~,F10.5)
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400 51 FORNAT I’ Fa’ ,F10.2,’ FV.’ ,F10.2, ’ RTRSTA a’ ,F10.2,’ ( di STA~ ’,Fi0
1.2,’ H~~~,F10.3, ’ GWa’ ,FjG, I/’ CNOz ’ ,FLO.b, ’ CNAL PD~’,FIS.6,
2• E 1 , FI0.3, KP*’ .FiO.Z,’ AFOs ’ ,Fi0.3, CL Oa * ,F10.6,’ X Fa’ .
3FiO. 3/ ’ N** ,FLO. 2, ’ HTa4 ,Fj O.5 , ’ SHPPIAXa’ ,F10.2, ’ TRQPR S~~,
4F10.1,’ 0NWSHK~’,F10.2, ’ HPaiCGa’ ,FlO.I#’ RTROWK a4 ,F10.1,

403 54 TE~~~,F10.1, HE.’ ,FIS.Z, ’ FUSENKa’ ,F10,5,4 T HET 2P~~~,FL0.2/’
6 T*.T2N~’,F10.~~)

52 FORMAT (’ STa’.F10.2,’ ALPN0D~’,Fi0.3,’ ALPN1DZ’,F10.3,’ ALPHZ O
Ia’,FlO.S,’ AR T z~~,F10.2,’ TLSTAz’,F1 0.2,’ CLT IXP~’,FIO.3/’ CLTM
2X Na’,FlO. 3)

53 FORM ATI’ STVa’,F10.2,~ AL PHVOa ’,F10.4,’ ARV ~~’,FLS.2, VTSTA .’,
1FIO.2, HV.’,F10.3)

51. F URMA T I’ V T ’,FIO.Z, QMRa ’,F10,2,’ $.‘,FIO.O, C*’,F15.3 ,
1’ Wa ’ ,F10.3, ’ W T.’ ,FlO.J/ ’ £a’ ,F 10.3, ’ aEL3D~ ’,F10.3,
2’ THk.ITDS’,FlO.l)

415 55 FOR HAT I’ VTT a’ ,F 10.2,’ O T= ’,F10.2. ’ dTs ’ ,F L O . O , ’ CTR 4,FI0.3,
1’ T RSTA 4,F10.3)

5 6  FOiiMATI ’ UELVK T *,F10.1,4 VFIN~ ’,F10.1. ’ AL TZ ’ .F1O.2, ’ RHOa’ , FlO .
16,’ TEHP 4,F10.3,’ PRESS=.,F10.2/’ VCa’,F10.2,’ TH0ESD~’,F 10.2,’
2n~~TR 4 ,F10.i)

420 57 FOASIA T (’ SW ’ ,F10.2,* ALpHWQ a~ ,F10.2,’ ARWa ’,F10.2,’ WP4GSTA .,
1F 10.1,’ C~.WHXP ,F10.3,4 CLWM XN ~’,F10.3)

100 FORHA T(OFLO.4 )
101 FORMAT (20A 4)
200 FU RNA T ( • CONPkESSIBILITY CORRECTION DOU3TFUL V ’ ,F5.1.’ICN~~TS’)

• 425 203 FORNAT (//iX ,20A4)
701 FO 4dIAT (11/’ ~1E 4..OC1T V. KNOTS •,IOF 10.1)
102 FOR MAT I’ NA IN ROTOR ~NDUCED rCWER,l* ,10F10.1)
703 FQ~vtAT l’  PlAiN kOTO1~ PROFILE POWEk, MP •,L OFLO .1)
104 FORHAT(’ MA IN ROTOR PARASIT E POWL.R ,NP •,IIIFL0 .1)

430 705 FORMAT I’ TAIL ROTOk POWER ,HP ‘,LDFIO.l)
106 FORMAT (’ TOTAL UM CORRE CTLO POWER ,HP. ‘,lOFIO .l)
707 FORMAT I’ STALL POWER GORPECTION ,HP •,10F10.1)
700 FORMAT I’  CUnPR[SS POWER COkRLCTION,HP • ,IOFLO.l )
70,  FO RMAT I’  TGTA L COKR EC T~ 3 PUW ER, IIP ‘, iUFIO.l)

435 710 FO MA T C ’  LON~ ITU0INAL FLAPPING ,DLS •,10F10.2)
711 FOkNAT (’ DI SC PLANE AN GLL—OF —AT TA ( . K , U EG ’ ,10F10.2)
112 FU RMAT I’ MAIN ROTOR COP4ING ,DLG •,IOFIO.2)
713 FORHAT (’ PlAIN ROTOR CULLEC TIVE ,DEG ‘,10F10.2)
71’, F OiIHATC’ LA TERAL CYCLi~ FxT ~ H.uL.r. • ,LOF1O. 2)

440 715 FORHAT (’ LONGiTUD INAL CYCLIC PITCH,OEG •,1OFIO.2)
716 FUAMA T (’ FUSELAGE ROLL ANGLE,0a6 •,iIFiS.2)
717 FOKM M T (’ LANODA • ‘,IOFIS.3)
h o  FURMAT (’ MU •,IOFIO.3)
71.9 FORMAT (’ MG , ROTOR CL

1.45 720 FOi~M4T (’ AVG ,TA IL ROTOR CL •,10F10.2)
721 FORMA T (’ PERC ENT TOR4)UE* ‘,iOFlO .l)

- - 722 FURMA T (’ TuKOUL. PRESSU.E: ,IF1O.1)
724 FUKMAT I’ MGIIE NI U I9BA LMN CL= •,IOFIO.1)
725 F~~ NA TC’ HOR~ ZUNTNL TAIL IPI~ IO~.MC~ ‘,LOFIU .I)

454) 727 FURMAT I’ F a ‘,FL0 .4)
750 FORMAT I’ IIIL4CATE O A IRSPEEO ,KNOTS •,10F10.1)
oOO F ORNATI’ ITERA TICN COUN TS •,10F10.1)
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INPUT GUiDE

CARD TYPE 1— FORMAT 20 A4 — RUN NOMENCLATURE

Card No. Column Symbol Description

1 1-80 Case Title of Run

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

Card No. Column Symbol Description

1 1-10 DELO Constan t term in definition
o f C 8

11-20 DELI Linear term in definit ion
of C8

2 1-30 DEL2 Quadratic term in definition
o f C 8

31-40 CLMAX Maximum lift coefficient
41-50 AOINCD Zero lift line incidence

angle (deg)
51-60 A4 AO = AOINCD (I

+A4•M4+A1O•M ’°)
6 1-70 AlO AO = AOINCD (1

+A4~ M
4+A1O •M’°)

- 

- - 
71-80 MCRO Critical Mach number for

c2 = o L
- 

- 
- 2 1-10 Ml Constant in definition of - -:

critical Mach number
MC RI T  = McRIT - m1C0

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

Card No. Column Symbol Description

-: 1 1-10 F Equivalent flat plate area
in the horizontal direction
(ft2)

~~~~~~ ~~~~~~~~~~ -~~~

L - 

—
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CARD TYPE 3— FORMAT 8F10.4 — FUSELAGE AND GENERAL DATA (Cont’d)

Card No. Column Symbol Description
I’

1 11-20 FV Equivalent flat plate area
in the vertical direction
(ft 2 )

21-30 RTRSTA Main rotor axis station (in.)
31-40 CGSTA Center of gravity station (in.)

• 4 1-50 H Height of main rotor above
cg (ft)

51-60 GW Helicopter gross weight (Ib)
61:70 CMO Fuselage moment coefficient

at a = 0
71-80 CMALPD Slope of fu selage moment

coefficient (1/deg)

2 1-10 El Fractional increase in rotor
induced power above ideal
(generally 0.12 ~ El ~ 0.15)

1 1-20 KP Constant in expression for
j rotor profile power

(P~ = P~0(l+KP *P2))
2 1-30 AFD Slope of fuselage lift

curve (1/deg)
31-40 CLO Fuselage lift coefficient at

~E;- 
- zero angle-of-attack

— ~
-
~~: - 41-50 XF Distance aft of cg where

- - fuselage moment and lift
are assumed to be acting

51-60 N Load factor 1 + a/g where
a = acceleration in direction
of rotor thrust

6 1-70 HI Height of tail rotor above
cg (ft)

71-80 SHPMAX Value of shaft horsepower - 
-

corresponding to TRQPRS
on torque meter
calibration curve (HP)



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CARD TYPE 3— FORMAT 8F10.4 — FUSELAGE AND GENERAL DATA (Cont ’d)

Card No. Column Symbol Description

3 1-10 TRQPRS Reference value of torque
meter pressure (preferably
the maximum readable on
the meter)

1 1-20 DNWSHK Arbitrary correction to
downwash at tail due to
wing (usually 1.0)

2 1-30 HPACC Horsepower allowed for
accessories

31-40 RTRDWK Arbitrary correction to
downwash at fuselage wing

P 
and tail due to main rotor

4 1-50 TE Thrust due to engine
exhaust (Ib)

51-60 HE Height of engine
thrust above cg (ft)

61-70 FUSEMK Arbitrary correction
factor to fuselage
moment (normally 1.0)

71-80 ThET2P Maximum positive value
for longitudinal cyclic
pitch (deg)

4 1-10 ThET2N Maximum negative value
for longitud inal cyclic
pitch (deg)

CAR D TYPE 4 — FORMAT SF10.4 — TAIL TRIM SURFACE DATA

Card No. Column Symbo l Description 
-~~

1-10 SI Horizontal tail planform
area

11-2 0 ALPHOD Constant, linear, and
quadratic terms (deg) in
definition of tail incidence

••__

~

2

~

t

~

- - - - —~~~~
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CARD TYPE 4 —  FORMAT SF10.4 — TAIL TRIM SURFACE DATA (Cont ’d)

Card No. Column Symbol Description

21-30 ALPHID angle (deg/rad ) as a function
of longitudinal cyclic

31-40 ALPH2D pitch (deg/rad2 )
41-50 ART Tail aspect ratio =

span/mean chord
51-60 TLSTA Station of tail center of

pressure (in.)
61-70 CLTMXP Maximum tail lift coefficient

in the positive (up)
direction

71-80 CLTMXN Maximum tail lift coefficient
I I in the negative (down)

direction

CARD TYPE 5— FORMAT SF10.4 — VERTICA L TAIL SURFACE DATA

Card No. Column Symbol Description

1 1-10 STY Vertical fin planform
area (ft 2 )

11-20 ALPHVD Yaw angle of vertical
fin (deg) 

- 

—

21-30 ARV Aspect ratio of vertical
-.- fin

31-40 VTSTA Vertical fin station (in.)
4 1-50 liv Height of vertical fin

- center of pressure (ft~

CAR D TYPE 6— FORMAT 8F10.4 — MAIN ROTOR DATA

Card No. Coi~mn Symbol Description

1-10 VT Rotor tip speed due to
rotation (ft/s) - -

11-20 DMR Main rotor diameter (ft)
2 1-30 B Number of main rotor

blades

B-4

-,;•

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

Card No. Column Symbol Description

1 31-40 C Mean chord of main
rotor blade (ft)

4 1-50 W Weight of main rotor
blade per foot (lbfft)

51-60 ~VT Main rotor tip weight (Ib)
61-70 E Flapping hinge offset as a

fraction of rotor radius
71-80 DEL3D Flapping hinge angle (rate

of change of blade pitch
with respect to blade
flapping)

2 1-10 THETTD Total blade twist from root
to tip (negative for

- 

washout)

CAR D TYPE 7 FORMAT 8F10.4 — TAIL ROTOR DATA

Card No. Column Symbol Description

1 1-10 V1’T Tail rotor tip speed due
to rotation (ft/s )

11-20 DT Tail rotor diameter (ft)
21-30 BT Number of tail rotor

blades
31-40 CTR Mean blade chord of tail

rotor blade (ft)
41-50 TRSTA Tail rotor station (in.)

CARD TYPE 8— FORMAT SF10.4 — OPERATING CONDITIONS

Card No. Column Symbol Description

1 1-10 DELVKT Velocity increment (kn)
11-20 VFIN Velocity which is a small

increment above fInal velocity

— - 
to be considered

B-S

~~~
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CARD TYPE 8 — FORMAT SF10.4 — OPERATING CONDITIONS (Cont’d)

Card No. Column Symbol Description

21-30 ALT Altitude (ft)
31-40 RHO Air density (slugs/ft3 )

Note : RHO * 0,
density and VC are
input.
RHÔ O, and
TEMP = 999.0,

-
~ 

- 

- 

standard atmosphere
is used.

R H O = 0 , and
TEMP * 999.0,
nonstandard atmosphere —

is computed using
temperature and
pressure.

— 4 1-50 TEMP Temperature (°C)
51-60 PRESS Pressure (mb)
61-70 VC Speed of sound (ft/s)
7 1-80 THDESD Aircraft descent angle

(negative if ascending)
(deg)

2 1-10 HRTR Height of rotor above
ground .
Note : HRTR determines a
correction for inground

- effect (IGE) flight. If
H R T R > - 5 0 , no
correction is made and • 

-

magnitude of HRTR is
unimportant.

B-6

IILL - - - -
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CARD TYPE 9—FORMAT SF10 4 — WING SURFACE DATA

Card No. Column Symbol Description —

1 1-10 SW Wing planform area (ft2 )
- 11-20 ALPHWD Wing incidence angle (deg)

- 
2 1-30 - ARW Wing aspect ratio
31-40 WNGSTA Wing station (in.)
41-50 CLWMXP Maximum wing coefficient of

- 
lift in the postive (up)
direction

I 51-60 CLWMXN Maximum wing coefficient
of lift in the negative
(down) direction

I ~ —~ -- ‘ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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— COMPARISON WiTH FLIGHT IEST DATA

Because of inconsistencies and gaps in existing angle-of-attack information, a
flight-test program was undertaken to validate this model. An AH 1-J aircraft was
instrumented and tests flown at the Naval Air Test Center, Patuxen t River,
Maryland. Data was required for level and descending trimmed fligh t , 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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NOMENCLATURE 
- 

-

Term Mnemonic Definition Units

A A Rotor disk area = aR2 ft2

ACL Slope of airfoil section 1 /rad
• 

lift curve = dC2 fda
forM O

AF Slope of fuselage lift 1/rad
curve

a ALPHA Disk plane angle of rad
attack

am ~ 
Angle of attack rad

-: corresponding to
4 C

mix

ALPHT Angle of attack of the rad
horizontal stabilizer

a,,, ALPHV Yaw angle of the rad
• vertical fin

ALPHW Wing incidence angle rad

I) ALPHOD Constant term in deg
equation defining tail
incidence as a function
of longitudinal cyclic
pitch

a1)) ALPHID Linear term in tail deg/rad —

incidence equation

a2D ALPH2D Quadratic term in deg/rad 2
tail incidence
equation

E l  
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Term Mnemonic Definition Units

a90 ALP9O Angle of attack of rad
• 

the advancing blade
-

AREAT Tail-rotor disk ft 2
area l/4 irD~

AK Aspect ratio for dimensionless
rotor

ART Horizontal stabilizer dimensionless
aspect ratio = span/
mean chord

AR,,, ARV Vertical fin aspect dimensionless
ratio

ARw 
• ARW Wing aspect ratio dimensionless

AT dCL/da for the 1/rad
- 

horizontal tail

ATV dCL/da for the l/rad
vertical tail

AW dCL/da for the l/rad
wing

AO Slope of section lift dimensionless
curve (function of
local Mach number)
for A0 lift line

a0 AOINC Incidence angle of rad
Inc zero lift line

= a1 Al Longitudinal flapp ing rad

E-2
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____________ ____________ 
__________________ 

____________Term Mnemonic Definition Units

a4 A4 Term in equation dim ensionless
defining AO in terms
of Mach and AOINC
AO AOINC(l +A4
M4+A10~~M’°)

a10 A 10 Term in equation dimensionless
defining A0

All  Al I Term in definition of dimensionless
ThET2 

- 
-

— 
4(jmB~,2— p 3/ 8)

A 1 — 

B~(B~) — J.L2/2)

A12 A12 Term in definition of dimensionless
THET2

8gzB0A 12— 3(B~ -p 2 /2)

A13 A13 Term in definition of dimensionless
THET2

2gLB~A 3—

A14 A14 Term in definition of dimensionless
THET2

B2 + 3jz 2/2
— 

B~ -p 2 /2

B B Number of blades on dimensionless
main rotor

BETAO Main rotor coning rad
angle

B, BS Term in definition of dimensionless
XI
B$ al - g ~OT - r

E-3
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Term Mnemonic Definition Units

B
~ 

BT Number of blades on dimensionless
tail rotor

B0 Effective dimensionless dimensionless
main rotor radius
(accounts for loss of
thrust toward blade
tips)

b1 BI Lateral flapping rad

B 11 B 11 Term in definition of dimensionless
lateral flapping (0

k
)

- 
4pB0Bli — 

3(B~ + I/2 p
2

)

C C Mean chord of main ft
rotor blade

CASE ALPHANUMERIC dimensionless
TITLE OF RUN
(up to 80
characters)

CCOUNT Internal counting dimensionless
array

CDBAR Estimate of coefficient dimensionless
of drag (main rotor)

CDBT for the tail dimensionless

CGSTA CGSTA Center of gravity in.
station

E-4
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Term Mnemonic Definition Units

k CHAY Ratio of rotor hub ft-lb/rad
moment to a1 due to
hinge offset

_ B W  2 R2
k— 322

w C

( 1+ 
2WT

W ’ R

CLBAR Average main rotor dimensionless
coefficient of lift
(C2)

CLBT Average tail rotor dimensionless
t coefficient of lift

C2 CLMAX Maximum coefficient dimensionless
of lift

C, CLT Tail lift coefficient dimensionless

C, CLTMXN Maximum C, in the dimensionless
tm iX fl negative (dow’n) ~- -

direction

C, CLTMXP Maximum C, in the dimensionless
tm IXP positive (up) ~irection

C CLW Wing lift coefficient dimensionless

• C, CLWMXN Maximum C, in the dimensionless
Wm I X U  negative (do~~)

direction

C, CLWMXP Maximum C, in the dimensionless
W m a x p  positive (up)~ irection

C, CLO Fuselage lift coefficien t dimensionless
0 at zero angle of attack

CMALP Slope of fuselage 1/rad
moment coefficient

E-5
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Tems Mnemonic Definition Units

CMO Fuselage moment dimensionless
coefficient atcm 0 ¶ 

-

COUNT Internal counter for dimensionless
convergence scheme 

- 
-

C, Power coefficient dimensionless

C, CPC Correction to power dimensionless
c coefficient due to =

compressibility

C, CPP Profile power dimensionless
coefficien t (main
rotor)

C, CPPT Profile power coefficient dimensionless
p t (tail rotor)

C, CPS Correction to power dimensionless
coefficient due to
stall

C, CS Term in definition dimensionless
of
C, = imF+X

CT Coefficient of thrust dimensionless
main rotor

CTR Mean blade chord dimensionless
tail rotor

c1 CFT Coefficien t of thrust-tail dimensionless
rotor

D D Drag lb

S

-H E6
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Term Mnemonic Definition Units

6
~

T 
DELAT Change in tail angLe of cad

attack due to downwash

6aW DELAW Change in wing angle of tad
attack due to downwash

AMd DELMD Term in definition of dimensionless
C,

-- 0.06

by DELV Velocity increment ft/s

DEL VKT Velocity increment kn

6W VT DELWVT FWVT/DFWVT (used dimensionless
in convergence
scheme for WVT)

• 6
0 

DELO Term in definition of dimensionless
Cd (input)

61 DELI Term in definition of dimensionless
Cd (input)

62 DEL2 Term in definition of dimensionless
Cd (input)

63 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

d(f(WVT)) DFW’TF Derivative of dimensionless
FWVT

D1 DI Induced drag lb

R DMR Main rotor diameter ft

E-7

-H ? _ _  _ _ _ _

Li - - ;  
• 

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



F~
r.±TI

~
TT.

~ 

---•

Term 
- 

Mnemonic Definition Units

DNOM Intermediate term in dimensionless •
(Cont’d) calculation of Al l  -Al4

DNWSHK DNWSHK Arbitrary correction to dimensionless
downwash at tail due to
wing (normally I)

D~ 
J)R Main rotor drag lb

D
~ 

DT Tail rotor diameter ft

DO Drag due to dynamic lb
pressure and flat
plate area

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

• El El Fractional increase in dimensionless
rotor-induced power
above ideal

= 

~
‘
~Id 

(I + El))
Ca

f F Equivalent flat plate ft 2
area in the horizontal
direction

F10 E 
FIGE Correction to account dimensionless

for operation in
ground effect

FUSEMK Arbitrary correction dimensionless
factor to fuselage
moment

IV FV Equivalent flat plate It2
area in the vertical
direction (adjusted
to match power at
hover)

f(WVT) FWVT Function of WVT dimensionless

I
- 
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- - Term Mnemonic Definition Units

F1 Fl Term in definition of dimensionless
coning angle

F1 
~

F2 F2 Term in definition dimensionless
of coning angle

- - - - F2 = 1/4 B~(B~ + p2)

F3 F3 Term in definition of dimensionless
coning angle
F3 B~,(1I5 B~, + lI6ii 2)

F4 F4 Term in definition of dimensionless
coning angle
F4 l/3 pB~

GAMF Term in definition of dimensionless
coning angle (Lock
number)

Cpa0 R4
— Inc —

2rF

T GAMMA Term in difmition of dimensionless
B~ and C
~~~~~~~~~~~~~~~~
-K~~~0

• GW GW Aircraft gross weight lb
(input) internally
modified to indicate
component of weight
perpendicular to flight
path

GW1 GWI Aircraft gross weight lb 
- 

-

H H Height of main rotor ft
above center of
gravity (cg)

E-9
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Term Mnemonic Definition Units

HE HE Height of engine thrust ft
above cg

= HP HP Total uncorrected hp
horsepower

HPACC HPACC Accessory horspower hp

HP~ HPC Compressibility power hp
nrection

HP1 HPI • ~ ~n rotor induced hp
power

HP~ HPP Main rotor profile hp
power

~~~PA ~ 
HPPAR Main rotor parasite lip

power

HP~ HPS Stall power correction hp

HPT Tail rotor power hp

HPTC HPTC Total corrected power, hp
• i.e., HP corrected for

accessories, stal l, and
compressibility effects

= 
- HRTR HRTR Height of main ft

rotor above the
ground

Ii

HT HT Height of tail rotor ft
above cg -

HV HV Height of vertical fin ft
center of pressure
above cg

‘F IFA Blade moment of inertia lb-ft 2
about flapping axis

E-l0
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Term Mnemonic Definition Units -•

KBETA dO/dP 63 dimensionless
effect

KP KP Constant in expression dimensionless
for rotor profile power
P,=P,0( l + K P 1L2 )
where Pp 0 = profile
power in hover

K KS Factor which varies stall dimensionless
correction

= 
( (~ 5/2o1 + X

1~~~ for —s- 
< ~

K = ‘~~ \ 1 X $ /  20T
I —B

1 for __L
~~~~l

L 

- 

Fuselag: lift lb

Lift at tail lb

X LAMDA Ratio of the net dimensionless
velocity up through
the disc plane to the
tipspeedX V -w/V~

LI Horizontal distance ft
• 

• 

from tail rotor to cg

LV Distance of vertical ft
tail center of pressure
from cg

M M Mach number dimensionless

m Moment ft-lb

fr I Mc a IT MCRIT Critical Mach number dimensionless
of advan cing blade at

~
p (azimuth) = 90°

E-II
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Term Mnemonic Definition Units —

M~ R IT MCRO Critical Mach number dimensionless
0 for C5 O

~~~ SE MFUSE Moment due to the ft-lb . 
—

fuselage

MOMENT MOMENT MOMENT unbalance ft-lb
— - - (total moment about cg)

-• MOMENT 1 (2 3) MOMNTI(2 ,3) Measures of moments ft-lb
at different angles
of attack (used in
convergence scheme)

MTA IL MTAIL Moment due to tail ft-lb

IL MU Main rotor advance ratio dimensionless
(ratio of forward velocity
to rotor tip speed VT )

,-‘
~ 

MVT Advance ratio for dimensionless
tail rotor

MT Tip Mach number dimensionless

MW Moment about the ft-lb
flapping axis due

- - to rotor weight

MW I N G  MW I N G  Moment due to wing ft-lb

m 1 Ml Constant in definition dimensionless
of critical Mach
number Mca,T =
MC R IT -m 1CQ

n N Load factor I + a/g dimensjonless
where a = acceleration
in direction of rotor
thrust

El 2
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Term Mnemonic Definition Units

OMEGA Rotational velocity rad/s

p P Power ft-lb/s

-PCTQ Percent torque dimensionless

• PHI Fuselage roll angle rad j
P1 Rotor induced power ft-lb/s

PIE 3.14159 dimensionless

p1 PIT Tail rotor induced ft-Ib/s I 
-

t power

Pp PP Main rotor profile ft-lb/s
power

A R  
PPAR Main rotor parasite ft-lb/s

power

Profile power required hp
o in hover

PPT Tail rotor profile ft-lb/s
power

-1
PRESS Air pressure at mb

operating altitude

~fr 
Main rotor azimuth deg

• angle

Q Q Dynamic pressure lb/ft2
Q = l / 2 pV2

Q, QV Dynamic pressure in lb/ft2 I 
-

the vertical sense
Q

~~
= l / 2 p w 2

where w = downwash
velocity at rotor

• E-13
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Term Mnemonic Definition Units

R R Main rotor radius ft

p RHO Air density slug/ft 3

RTR0 W IC RTRDWK Rotor downwash dimensionless
constant arbitrarily
varies downwash
from rotor acting
on fuselage wing
and tail

RTRDWK > 1 -~‘increasein downwash and vice
versa - 

-

RTRSTA RTRSTA Main rotor axis in.
‘ station -

S Area ft2

• SHPm ~ 
SHPMAX Value of shaft hp

horsepower
corresponding to
TRQPRS on torque

- pressure (%Q)
calibration curve

o SIG Main rotor solidity dim ensionless
BC

SIG=—sR

SIGT Tail rotor solidity dimensionless
S 2BCS1G

ST Horizontal tail ft2
planform area

S~ STy Vertical fin ft 2
planform area

~~~ E-14

S 
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____ ___Term Mnemonic Definition Units

SW SW Planform area of ft 2
the wing

I I Main rotor thrust lb

T TAU Term in definition of dimensionless
1~

w
IF W

TE TE Thrust due to engine lb
exhaust

TEMP Air temperature at °C
S operating altitude

o Pitch angle deg

°D THDES Aircraft descent angle rad
(negative if ascending)

0T 
THE1T Total blade twist deg

from root to tip
(negative for washout)

0
0 

THETO Main rotor collective rad
pitch

01 THET I Main rotor lateral rad
cyclic pitch

02 THET2 Main rotor longi tudinal rad
cyclic pitch

02.. 
THET2N Maximum negative deg

value for longitudinal
cyclic pitch

THET2P Maximum positive deg
value for longitudinal
cyclic pitch

E-l5

- 

- 

•

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

_ _ _

~ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~-~ - - 
~~~~ - - ‘-‘~~~~--~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



— 
F .y ~

_— -s-r ~~~~~~ •- 5—. 5

Term Mnemonic Definition Units

T1 TI Initial main rotor lb

S 
thrust estimate

TLSTA 
TLSTA Station of tail center in.

of pressure

• I~ 

TRSTA Tail rotor station in.

T~ 
TI’ Tail rotor thrust lb

• - IT2 TTL Distance from cg to ft
tail station center
of pressure

TT~ TTLV Distance from cg to ft
vertical fin station

T1 TI Term in definition dimensionless
of O 0
T1 = I/2 (B~ + l/2 p2 )

T2 12 Term in definition dimensionless
of O 0
T2 = l/3 B~ + l/2 P2 B0

13 13 Term in definition dimensionless S 

-

• of O 0
13 = 1/4 B~(B~ +p 2 )

14 T4 Term in definition dimensionless
of
T4 = l/2 p(B~ + 1/4 it 2 )

V v Aircraft speed ft/s

V~ 
VC Speed of sou nd at the ft/s

given operational
altitude

VFI N VFIN Highest aircraft speed kn
to be considered

5

, E-l6
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Term Mnemonic Definition Units

VKT 
VKNOT Aircraft speed kn

V1f 
Local velocity at the ft/s
point where fuselage
lift is assumed to act

v~ 
Local velocity at the ft/s
horizontal stabilizer

VT VT Main rotor tip speed ft/s
due to rotation
VT =

~~
R

V VTSTA Vertical fin station in.
t STA

VTT Tail rotor tip speed ft/s
due to rotation

W W Weight of main rotor lb/ft 
- -

blade/ft

w Downw ash velocity ft/s

Wf 
Downwash velocity ft/s 

—

where fuselage lift
is assumed to act

WFAC WFAC Downwash factor from dimensionless
main rotor onto
fuselage

5- W FAC WFACT Downwash factor from dimensionless
main rotor onto tail

W L WL Distance from cg to ft
wing station

WNGs1 A WNGSTA Wing station in.

W1 WT Tip weight lb

-

, 
- 
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Term Mnemonic Definition Units

w~ Downwash velocity at ft/s
the horizontal
stabilizer

W/VT WVT .Ratio of main rotor dimensionless
downwash to tip
velocity CT /2p

WIVT~ WVTT Ratio of downwash to dimensionless
tip velocity of the
tail rotor

X~ XF Distance aft of cg ft
where fuselage moment
and lift are assumed
to be acting

X~ XS Radius outboard of dimensionless
which main rotor
blade stall may be
present

XO Radius inboard of dimensionless
which main rotor
bLade stall may
be present (due to
inflow ratio and

• blade twist) 
I 

-

Y Y Distance between cg ft
and RTRSTA

I

E- 18
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