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SYMBOLS

area of duct exit plane, 7D2/4

Fourier series coefficients for the radial velocity induced
on the reference cylinder by all the internal vortex cylin-
ders, eq. (10)

Fourier series coefficients for the axial velocity induced
on the reference cylinder by all the internal vortex cylin-
ders, eq. {(11)

. 2 2
propeller disk area, 7r(Rp - Rop )

Fourier series coefficients for the radial velocity induced
on the reference cylinder by the outer trailing vortex
cylinder, eq. (8)

Fourier series coefficients for the axial velocity induced
on the reference cylinder by the outer trailing vortex
cylinder, eq. (9)

propeller chord length, fig. 2

5

pitching moment coefficient, M/RAq or M/pngDp

normal force coefficient, N/Aq or N/pn2D;
Glauert series coefficients for Yp» €d- (6)
pressure coefficient, eq. (44)

thrust coefficient, T/Aq or T/pnaD;

chord length of duct

lift coefficient for fan blade section

lift curve slope for fan blade section

Glauert series coefficients for Yo €d- (25)

diameter of duct in the exit plane

Fourier series coefficients for the radial velocity induced
on the reference cylinder by the centerbody, eq. (12)

Fourier series coefficients for the axial velocity induced
on the reference cylinder by the centerbody, eq. (13)

iv



propeller diameter

Fourier series coefficients for the radial velocity induced
on the reference cylinder by v, Y, 2nd the centerbody,
eq. (29) '

Fourier series coefficients for the axial velocity induced
on the reference cylinder by Ypr Vs Vys and the center-
body, eq. (34)

Fourier series coefficients for the radial velocity induced
on the reference cylinder by Yps Vs Vo and the center-
bOdy, eq. (40)

Fourier series coefficients for the radial velocity induced
on the reference cylinder by the duct-bound vorticity,
eq. (43)

Fourier series coefficients for the axial velocity induced
on the reference cylinder by the duct-bound vorticity,
eq. (38)

scaling factor

Fourier series coefficients for the axial velocity. induced
on the reference cylinder by the Yo vorticity, eq. (37)

Fourier series coefficients for the radial velocity induced

on the reference cylinder by the trailing vortex filaments
associated with Ya

fan blade thickness, fig. 2

incidence angle of fan blade section measured from the line of
zero lift, fig. 2

advance ratio, V/nDp

effective advance ratio, J cos a
advance ratio parameter, eq. (3)
effective advance ratio parameter, J' cos a

length of centerbody

pitching moment
number of fan blades or normal force
fan rotational speed, rev/sec

coefficients for velocity induced by duct-bound vorticity,
eq. (16)
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CB

free-stream dynamic pressure, pVZ2/2
radius of duct exit plane, D/2

radius of fan root (nominally same as centerbody radius at fan
station) -

Fourier series coefficients of duct geometric camberline

Fourier series coefficients of the duct effective camberline,
eq. (14) .

radius of fan tip

mean radius of equal area element of fan disk

radius from duct centerline to duct camberline, fig., 1
radius from duct centerline to effective duct camberline
maximum radius of centerbody

thrust force
duct thickness
induced axial velocity

axial velocity induced by centerbody singularity distribution

axial velocity induced by duct thickness distribution

duct surface velocity

axial velocity induced by the vortex cylinder trailing from
the duct trailing edge

total axial velocity induced by all internal vortex cylinders
trailing from the fan

axial velocity induced by duct-bound vorticity, Yp

free-stream velocity
effective free-stream velocity, V cos q

radial velocity induced by centerbody singularity distribution

radial velocity induced by the vortex cylinder trailing from
the duct trailing edge

vi



x

v total radial velocity induced by all the internal vortex

Yw cylinders trailing from the fan
VVD radial velocity induced by duct-bound vorticity, vp
X axial distance from leading edge of duct
Xop location of centerbody nose in duct coordinate system, fig. 1
X5 fan location within duct
X, location of maximum centerbody radius in duct coordinate
max system
Xg axial distance measured from c¢/2, fig. 1
z number of equal area elements making up fan disk area
o free-stream angle of attack
B fan blade section pitch angle, fig., 2
r circulation bound to fan blade, eq. (1)
€ convergence criterion
Y ' strength of outer trailing vortex cylinder
Yp axially symmetric component of duct-bound vorticity, eq. (6)
Yo strength of wt®  inner trailing vortex cylinder
Yo duct~bound vorticity component due to angle of attack,
eq. (25)
AP rise in static and total pressure across actuator disk
2] transformed axial disténce, x=1/2 (1 - ¢ cos 0)
P free-stream density
azimuthal angle
w fan rotational speed, rad/sec
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DP

D(P)
D (a)
P (D)
3/4

tip

Subscripts.
for the complete ducted propeller
for the duct in the presence of the propeller
for the duct at angle of attack
for the propeller shrouded by the duct
at 3/4 radius location of the fan blade
at the tip of the fan blade

indicating the outer trailing vortex cylinder or outer fan
annulus
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A COMPUTER PROGRAM FOR THE PREDICTION OF
DUCTED FAN PERFORMANCE

By Michael R. Mendenhall and Selden B. Spangler
Nielsen Engineering & Research, Inc.

SUMMARY

This document is a user's manual for a computer program deVeloped
to determine the performance of a ducted fan in axial flow and at angle
of attack. The program is used to predict the performance at a speci-
fied advance ratio and angle of attack of a given fan-duct combination,
which is specified by the radial distributions of blade pitch, chord,
and thickness; the duct chord, diameter, camber, and thickness distri-
bution; the fan location; and the centerbody geometry. The information
obtained from the program is duct and fan thrust and ducted fan normal
force and pitching moment coefficient. Radial distributions of fan
inflow velocity and biade angle of attack are also obtained. The
program calculates the duct surface pressure distribution at any speci-
fied azimuthal angle, The program is written in Fortran IV for the
IBM 7094 computer and requires approximately two minutes running time
per case. Included in this manual are a brief description of the theory
and the calculation procedure, descriptions of input and output, pro-

gram listing, sample cases, and some comparisons with data.

1. INTRODUCTION

This report is one of two documents prepared under Contract NAS2-
4953 for the Ames Research Center, NASA. The work on this contract is
concerned with development of methods for predicting the aerodynamic
performance of ducted fans in uniform flow. This document is a user's
manual for the computer program developed under the contract. The
second document (ref. 1) describes the analysis on which the computer

program is based.

The éuthors and their associates have done a considerable amount
of prior work on ducted fan analysis (refs. 2-6). The final task of
that work involved the preparation of a computer program for calculating

the aerodynamic characteristics of a ducted fan in a uniform, axial



flow (ref. 6). The purpose of the present investigation is to make
certain improvements and additions to the computer program of reference 6.
The additional analysis required to make these improvements is reported
in reference 1. The improvements consist of adding a capability for
angle of attack flow, computing duct surface pressure distributions,
adding a centerbody model, and removing certain restrictions on advance
ratio and nonlinear blade 1lift characteristics. This report includes

a brief discussion of the theoretical approach and the assumed flow
model with a summary of the equations used in the program. No deriva-
tions are included, but references are given to all the derivations of
interest. The actual operation of the program is discussed along with
descriptions of input and output. Program listings and sample cases
are also included. Some brief comparisons with data are presented to
give some information on the range of usefulness of the program. This

document completely supersedes reference 6.
2. THEORETICAL APPROACH AND FLOW MODEL

The discussion of this section is intended to describe the theoret-
ical approach in sufficient detail to permit the user of the program to
understand the sequence of calculations in the program. The equations
in the program are given with references to the source in which each is

derived.

The flow model is inviscid and is based on potential flow theory.
The approach used is to decouple the axial flow and angle of attack

problems, treat each individually, and superimpose the solutions.

2.1 Axial Flow

The analysis for axial flow is basically that described in reference 5
with the modifications and additions described in reference 1. Singu-
larity distributions are used to represent the fan wake, the duct loading,
the duct thickness, and the centerbody. The basic axisymmetric flow
model is shown in figure l(a). A duct reference cylinder is defined as
that cylinder having the same radius as the duct trailing edge. The
reference cylinder is used in conjunction with the boundary condition
imposed on the duct.



The duct may have both thickness and camber, and the chord-to-
diameter ratio may have any value.! The fan configuration is specified
by the number of blades (N) and by the radial distribution of chord (b),
pitch (B), and thickness (h) as shown in figure 2. The effect of blade
camber is not directly considered; however, the pitch angle, B, is
assumed to be the angle between the plane of rotation and the zero 1lift
line of the local blade section. Each blade section is assumed to have
a lift coefficient slope, clq, of 27 up to the point of local blade
stall. This point is assumed to be a function only of the blade
thickness~to-chord ratio as described in reference 1. After the blade
section stalls, the section lift coefficient is assumed to be constant

and equal to Since blade element theory is used to determine

C/e -
max \
the fan performance, use of the program is limited to ducted fans with
relatively low blade solidity. The upper limit on solidity has not
been estimated because of the lack of suitable data for comparing

"predicted and measured performance.

The fan annulus is divided into a number (z < 24) of equal area
annuli in each of which blade element theory is used to describe local
blade performance. The bound circulation (I') is constant within each
annulus and a vortex cylinder with strength Ve is assumed to be shed
from each annulus and to extend downstream along the duct axis. The
outer vortex cylinder is assumed to lie along the duct reference cylinder

and to be shed from the duct trailing edge.

From equation (5) of reference 5, the bound circulation on the

portion of the blade in the w™'  annulus is
. - 2 1/2
o1, B W52, , )
RV 2", R V u,

lThere is an upper limit on ¢/D of approximately 2.5 imposed by the
absence of sz values and induced camber coefficients for c¢/D

values greater than 2. See p. 7 for further details.
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and the strength of the w'?  internal trailing vortex cylinder is

- 1/2
Z z
AL A Yo\ , N (D Ten (1. Im
v \" 7J' \ RV RV v
m=w+1 m=w+1

(2)
where N
e g

The strength of the outer vortex cylinder is

1/2
Yz N Ty
v=[l+7ra—-<R—v) -1 (4)

In many of the following equations, vy is used as a normalizing para-

meter. When <+ is used without a subscript it designates the strength

of the outer cylinder, \

Assuming that the inflow to the fan (u/V) is known, the radial
distribution of bound circulation may be calculated using equation (1),
and the strength of the vortex cylinders can be obtained from equations (2)
and (4). However, the inflow to a fan in a specified duct at a given
flight condition is not known a priori. The inflow is made up of the
free stream plus the axial velocity components induced by all the singu-~
larity distributions. Thus, the inflow to the propeller at a given
radial station is '

u u Z=—1

u Y. u a u Y.
_m _ D, xy, D, CcB 1 E: -
v - 1+ v tv*tTVvV vtV *32 (5)

With the exception of the centerbody~induced flow, the components of

the inflow velocity are computed in the same manner as is described

in Appendix A of reference 5. The velocity (uCB) induced by the center-
body is not considered in reference 5 but is computed using equation (15)
of reference 1. The velocities induced by the centerbody must be
corrected to account for the fact that the centerbody is submerged in a



free stream greater than V. The details of this correction are pre-
sented in reference 1, Note that the inflow profile is dependent on
the duct and fan loadings which, in turn, are affected by the inflow

profile; therefore, an iterative scheme is used to converge on a solution.
The trailing vortex cylinder, the fan wake vortex cylinders, the

centerbody, and the free stream all induce components of flow through

the duct camberline. In order to cancel this flow and cause the net

flow to be tangent to the camberline, a distribution of bound vorticity

(yD) is placed on the duct. This bound vorticity is expressed in

terms of a Glauert series (eq. (17}, ref. 4) as

S
v,
D _ 9 .
Y C0 cot 5 + 2: Cn sin né (6)
n=1

and the unknown Cn coefficients are determined from the flow tangency

condition on the duct reference cylinder.

The basic relation that is solved to cause the flow to be tangent

to the camberline is

dr

v+ VY Ve = =

— (V + u +ua +u
YD Yor CB dx ( Yp Y oY

+ uCB) (7)
w

where »dre/dx is the effective slope of the camberline. The following

procedure is used to solve eguation (7) for the unknown C_ coefficients.

The radial velocity (v ) induced along the duct reference cylinder
by the vortex cylinder trailing from the duct trailing edge is given
by equation (C-3) of reference 5. This velocity is expressed in non-

dimensional form by a six-term Fourier cosine series as

S
v
Y =
5 E: B cos nod (8)
n=0



The axial velocity (uy) induced by the same vortex cylinder is given
by equation (23) of reference 3. This velocity is expressed in non-

dimensional form by a similar six-term Fourier cosine series as
S
u
-t = 2: B* cos nb (9)
Y n
n=o

" The radial and axial velocities induced along the duct reference
cylinder by all the vortex cylinders trailing from the fan are computed
using equation (13) and (20), respectively, of reference 3. The sum of
the radial and axial velocities induced by all the internal vortex

cylinders is expressed as

V 5
Yw _
< = E: A cos né (10)
n=o
u <)
u * 11
o = 2: A¥* cos nb (11)
n=o

The radial and axial velocities induced along the duct reference
cylinder by the centerbody singularity distribution are computed using

equations (1l5) and (16) of reference 1. These velocities are expressed
as

S
v
CB _
Sl 2: D cos né (12)
n=o
a 5
_CB _ *
5 E: DX cos né (13)
n=o0

The slope of the effective camberline is specified as

dre 3

—— = *

= E: R* cos né (14)
n=0



where the effective camber is made up of a geometric camber and an

induced camber as discussed in detail in section 2.3 of reference 6.

The induced camber is due to the velocity induced by the source ring
distribution representing the duct thickness, and the method of computing
this effect is based on the work described in Chapter 2 of reference 7.

The induced camber is described by a Fourier series similar to equation (14)
where the first four coefficients are tabulated as a function of ¢/D

in reference 6. These coefficients are included in the program in
Subroutine CAMBER and are automatically combined with the geometric

camber coefficients. The calculation of the geometric camber coeffi-

cients is described in section 4.2 of this report.

The axial velocity induced by the bound vorticity, v, can be

written in terms of the Cn coefficients as
Yy c 2C_+ C
4D D 16D 1 o) 2
< v (ﬂn = - ) (Co + 5 ) + (————-2 ) cos O

Cé - Cl C, - C2 C5 - C
+ —T— cos 26 + —'——6_ cos 30 + _8—-—% cos 46

(15)

from equation (18) of reference 4. The radial velocity component can
‘be found from equation (1.13) of reference 8 as

v S

5 5
’YD Co Cﬁ ck CE
=0 k=1 =0

where the sz

reference 9. These tables have been extended to c¢/D values of 2.0,

coefficients are given in tables 2.1 through 2.4 of

and provision has been made in the program to extrapolate beyond 2.0.

However, the variation of P with ¢/D is not linear, and the

ki’
extrapolation should not be made much past 2.5.



Substituting equations (8) through (16) into equation (7) results

in
5 \'4
S (%8, +a, +0D,) cos no +%(%)
n=o
3 5 . u
=Z RI’;cosne Z(%B;+A;+Dg>cos n9+—Z—D—<%)+1
=0 n=0

(17)

Expanding both sides of equation (17) into Fourier cosine series and
egquating each of the six harmonics results in six linear algebraic
equations in terms of the six unknowns, C,- With the parameter e
defined below,

e = (18)

£
4D
the equation for the zeroth harmonic is

* 4 _ _ p*
kl - Poo) - 2Ro e (/n P, 1) Rle] Co

R;e . 4 R;e R:e
+ - Roe (/n Pl 1)} Cl + 6~ 3 - P02 C,

-R*e R*e
+ 2 lc +|-—=—-0p c, + |o]c
4 3 6 o4 4 5

- ko wo ok *pk *nk
ZROBo + RlBl + R2B2 + RsBs 2Bo

v * ok * *(p* * * *
+ > [2RO(DO + Ao + 1) + Rl (Dl + Al) + R2(D2 + A2)

+ R;(D: + B¥) - 2(D, + Ao)] (19)



The equation for the first harmonic is

_ *. * 4 _ o n*
[Plo 2Roe 2R1e(£n p 1) Rze] Co

.

4
*
+ L(Pll - 1) - Rle(ﬂn s - 1) +

r R:e R:e R*e
-R¥*c - - —— o —2
+ R”e C2 + [Pls ) C

R*e R*e
1 3 c
1

3
i o} 3 4 _
3 R;e R;e
+ L— 3 c, + [Pl5 i Co
= *R * *RB * *RB * * (R* * * (R* *) -
2R0B1 + 2R1Bo + Rle + R2(B1 + B¥) + Rs(Bg + B¥) 2Bl

v * (D% * * (D% * * (D% *
+ Y [2RO(Dl + Al) + 2R1(Do + Ao + 1) + Rl(D2 + A2)
* * * * * * *
+ R¥(D¥ + DY + A¥ + AX) + R¥(D¥ + D¥ + AX + A¥)
- 2(p, + Al)] (20)

The equation for the second harmonic is

» 4
{on - e(R¥ + RX) - 2R*e(/n Z - 1)] c,

Rge 4
T2 -Rée‘ﬂn;-U] €Lt [Poz = 1) =57 - 5~

R;e Rge R:e Rge R;e
+ 8-2 C3+ P24—6+10 C4+—_8 C5

= *R % * * * * * * * * * -
2R0B2 + Rl(Bl + BS) + R2(2B° + B4) + RS(Bl + BS) 2B

2

+_Ul2* * 4+ A*) + * 4+ R%*% * + A%*) 4+ R*(D* + A*
'Y RO(D A) (R RB) (D ) R ( a 3)

* * * * * * * -
+ 2R§(Do + Ag + 1) +‘R2(D4 + A4) + RS(D5 + AS) 2(D2 + A2J

(21)



The equation for the third harmonic is

4
[Pso - Rge - 2R§e(£n s - l)] C

O
Rre 4 Rge R;e
+ [P31 + 3 - Rge(fn z - l)] c, + = - C,

R¥e ' R*e  R¥e R*e
+ [(P88 - 1) - 8 ]C8 190 - 3 c, + P35 - 5 c5

= *B* * (B*% * * (B* * *B*
2R0B3 + Rl (B2 + B4) + R2 (Bl + BS) + 2R8Bo 2B3

Z * * * * * * * *
+ ” [2RO(D3 + AB) +‘R1(D2 + A2 + D4 + A4)
* * * * * * * * -
+ RZ(Dl + Al + D¥ + AS) + 2R3(Do + AO + 1) 2(D3 + Aaﬂ
(22)

The equation for the fourth harmonic is

Rge R:e R;e
[940 - Rge] CO + 7 c, + P42 + e <~ 3 ]C2

Rge R;e Rfe Rge
t = -G+ [(Pay = 1) = g5 |Ca+ |- 5 1Cs

= *R%* * (R*%* * *R* *RE -
2R0B4 + Rl(B3 + BS) + R2B2 + RsBl 2B4

+ % [2R;(D;,§ + A¥) + R*(D} + A% + D¥ + A¥)

* * * * * * -
+ R2(D2 + A2) + Rs(Dl + Al) 2(p, + A4ﬂ

(23)

10



The equation for the fifth harmonic is

R*e R;e R;e R;e
Pso] C, + [P51 +--{}—] c, + e |Ca + [PSS + 5 -7 |Cs
R;e R;e Rfe
*l=— - %+ (Pgs = 1) - 5= |Cs

v
= *B* *B* 4+ R¥*B¥* *BA - —_ * (D* *
2RIBY + R¥B} + REBY + RIBE - 2B_ + o [2RO(D5 + A¥)

+ Rf(DZ + A¥) + R;(Dg + A;) + R;(D; + Ag) - 2(D_ + Asﬂ
(24)

Solution of equations (19) through (24) yielés the C, coefficients
defining the duct-bound vorticity, which in turn permit a new inflow
profile to be computed from equation (5).

2.2 Angle of Attack

The angle of attack solution is that for a thin, cylindrical duct
‘in a crossflow V sin o. This solution is superimposed on the axial
flow solution as follows. The ducted fan is considered to be in a
modified axial flow in which the velocity V is V cos q. The axial
- flow analysis discussed in section 2.1 is applied to obtain the axisymmet-
ric portion of the bound and free vorticity and source distributions.
The duct is then considered to be in a flow at angle of attack. A
nonaxisymmetric vorticity distribution is placed on the duct to cancel
the V sin o crossflow through the duct reference cylinder. The duct-

bound vorticity has the form

S
Zg = gin cos ¢ | c t §-+ c_ sin n# (25)
\ o o €°t 32 E: n

n=j

where the S coefficients are functions only of ¢/D and are tabu-
lated in Table I of reference 10. There is in addition a distribution
of free trailing filaments caused by the variation of strength around
the Yo, rings. The forces and moments on the ducted fan are then
computed by considering both the axisymmetric and nonaxisymmetric

singularity distributions.
11



The V sin g crossflow and the Yo vorticity induce a nonaxisymmet-
ric inflow into the fan. The resulting circumferentially varying blade
loading was examined in reference 5. A solution was obtained, with a
number of simplifying assumptions, that indicated two compensating
effects occurring to cause the net effect of angle of attack on blade
load distribution to be relatively small., On the basis of these results
and the complexity of the analysis, the inclusion of angle of attack

effects on fan loading in the computer program was not considered
Jjustified.

The force and moment equations are derived in references 1 and 5
by considering the force resulting from a velocity acting on a bound
vorticity. The viscous drag on the duct, centerbody, and fan blades is
not considered in the analysis. The forces and moments on the center-
body and the moment on the fan are small compared to the duct loading
and are neglected.

The effective free stream is defined by the variables

J! J' cos a

(26)

V =V cos a
Thus, the fan thrust coefficient® is given by equation (10) of reference 5
as

r
f% cos2 g (27)
RV

e .M
T A
P (D) TJ'Z

i
M s

n=1

The duct thrust coefficient due to the duct singularity distribution is
computed using equation (36) of reference 1.

2The equations for the force and moment coefficients given in this
section are based on nondimensionalizing the force or moment by g,
A, and R. The alternate approach noted in the Symbols List is also
provided within the program.

12



= c Y o :
c = -7 = cos® g |C_(4E_+ 2E.) + 2C E
T —
D(P) D v (o] (] 1 1 0
4
Oty - ) 20
n=1
where
E =—--B +A_ +D (29)
n g » n n

In the assumed flow model, there is a discontinuity in the duct
surface pressure distribution due to the pressure rise across the fan.
The increased pressure acting on the inner duct surface aft of the fan
causes the following duct thrust coefficient.

2

R Ap:

CT =11 —(—ﬁg) —_-_E- cos2 (30)
D(P) d

One component of the thrust coefficient due to the duct at angle

of attack is

c .
sin? q (2co + cl) (31)

C Y

TD(OL)

from equation (39) of reference 1. The second part of the thrust

coefficient due to the duct at angle of attack is

4

L] 2 : -—
sin® o co(4HO + 2H1) + 2c1Ho-+ 2: (cn+lHn ann+1)
n=1

(32)

from equation (41l) of reference 1. The H Fourier series coeffi-
cients describe the radial velocity distribution induced at the duct by
the trailing vortex filaments associated with Yoo These Fourier
coefficients are defined in equation (40) of the above reference. The
total duct thrust coefficient is then the sum of equatiomns (27), (28),
(31), and (32).

13



The duct normal force coefficient is given by equations (48), (51),

and (52) of reference 1,

= I c i * *
cNDP 5 p Sin a cos a [(4co + 2°1) + f(cn,.En) + g(cn, Gnﬂ
(33)
where
E¥ = - (B* + F*) + A* + D* (34)
- n n n n
v
and
4
* _ -
£(cp, BY) = co(4EX + 2E}) + 20,E% + ) (o, EX - c B )  (35)
n=1
4
* = * * * * - *
g(C,, G¥) = C_ (4G} + 2G¥) + 2C G} + Z (C,,GF = C G, ) (36)

n=1

The G; are the Fourier coefficients describing the velocity uv

which is computed using equation (49) of reference 1. D
u )
Yo . 2: .
— = sin a cos 0 Gn cos néb (37)
o

The Fg are the Fourier coefficients describing the velocity uy

which is computed using equation (A-9) of reference 5. D
u 1S3
Yp _ .
- = E: F¥ cos no (38)
o

The duct pitching moment coefficient is given by equations (57),
(59), (60), and (62) of reference 1l as

14



ST 1 y(ey g 5 + (Y
CM'DP = 7 sin a cos a{z V(D) f(Cn, G}) +(D) (2co + <))
l/cy — c [
+ _2.(5) glc,, E}) - & Lco(4Ecl> + 2E!) + 2¢,E}
4 -
[ I '
+ Z (cnt1Bp cn’En+1)} (39)
n=1 R
where
Vo= L
E| = = (Bn + Fn) + A+ D (40)
£(c, G*) = C_(4G% + 4G¥ + 2G%) + C (G¥ - G¥) + C,(26% - G¥)
+ C,(G¥ - G¥) + C,G} + C.G, (41)
e *) = * * * - E* * o
g(cn, En) co(4Eo + 4El + 2E2) + cl(Ef Es) + c2(2Eo EZ)

+ cs(Ef - Eg) + c4E; + c_E% (42)

The F, are the Fourier coefficients describing the velocity er
which is computed using equation (16). D

v S
D
—37-— E: Fn cos néd (43)
o

The duct surface pressure distribution is obtained from the

Bernoulli equation

(%)
Cp =1 - v (44)
where ug is the induced surface velocity distribution. The surface

velocity, ug, is made up of a continuous portion and a discontinuous
portion as given by equation (67) of reference 1. The continuous
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velocity is corrected for duct thickness and the discontinuous velocity
is approximated near the leading edge to remove the singularity. These
corrections and approximations are explained in detail in reference 1.

3. PROGRAM DESCRIPTION

3.1 Calculation Procedure

The computation proceeds as follows. An initial knowledge of the
fan inflow velocity profile is required to compute blade performance,
from which all other computations are made. Since the inflow is
affected by the as yet undetermined duct-bound vorticity, an iterative
procedure is used. An initial, uniform inflow of 2V is assumed, and
the blade element calculations are made to determine the fan performance
and the fan wake characteristics. The flow tangency condition on the
duct reference cylinder is then applied to determine the duct-bound
vorticity distribution. With all the singularity distributions known,
the fan inflow is calculated. This is compared with the initially
assumed inflow. If the two do not agree, a new inflow equal to the
average between the initial and computed inflows is determined. The
fan and duct-bound vorticity calculations are repeated to obtain a new
inflow, The process continues until the inflow velocity in each annulus
has converged to within the desired value. When convergence is obtained
for all annuli, the program continues to calculate force and moment

coefficients and duct surface pressure coefficients if desired.

3.2 Flow of Calculations

This section contains a discussion of the sequence of calculations
within the program. The discussion describes the functions that are
performed in the main program and each of the subroutines and the basic
order in which they are performed. References are given for the various

equations or relations used in the parts of the program.

The program consists of a main program and 20 subroutines. The
cards in the source deck are identified in Columns 73 to 80 with a
four~-character identification indicating the number of the subroutine
and a three-digit number representing the order of the card within the
subroutine. ‘
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The main program is relatively short. 1Its basic functions are to
control. the flow of the program, and to perform the calculation for the
local blade element performance, the calculation for the total fan inflow,
the comparison of initial and computed inflows to determine convergence,
and the calculation of the new inflow profile if the solution is not
converged, The relationship between the main program and the subroutines

is shown in figure 3.

The first operation in MAIN is a general initialization of four
subroutines. ELLIPS is called to initialize tables of elliptic integrals,
LAMBDA is called to initialize tables of the Heuman Lambda Function,

PKL is called to initialize tables of Py coefficients at various
ratios of duct chord to diameter, and CLALF is called to initialize a

table of section c versus thickness-~to-chord ratio. The table of

’emax

c versus t/c is determined from figure 2(b) of reference 1.

Y4

max
The program has several subroutines which are necessary for the

operation of the program because of the service they perform, but they
are not important to the understanding of the.sequence of events in the
program. These will be discussed here briefly and then omitted from
the following program description, although they are shown on figure 3.
Subroutine ELLIPS does a table look-up for the complete elliptic inte-
grals of the first and second kind, given the argument of the elliptic
integrals. Subroutine LAMBDA does a table look-up for the Heuman
Lambda Function, given the two arguments of the function. Subroutine
ARCSIN computes the principal value of the angle given the value of
the sine of the angle. Subroutine FOURCS does a Fourier analysis of a
function, given a table of values of the function. - The subroutine
computes an n-term cosine series (n < 50) to fit the given function.
The first six terms of the series are used for the calculations in the

program.

Subroutine INPUT is called by the main program. The major
function of subroutine INPUT is to determine all of the gquantities used
in the calculation that are functions only of the duct configuration,
the centerbody geoﬁetry, the fan blade characteristics, or the number of
fan annuli. Included in these quantities are the Fourier series
coefficients for velocities and vorticities which are functions only of

duct chord-to-diameter ratio or duct thickness. This subroutine also
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reads in the input data, checks it for certain specific errors, and then
prints out all of the input information. Now several subroutines must
be called to do more specific initialization of parameters which are only
dependent on the geometry of the system. Subroutine HUB is called to
compute the strength and location of the point source and poiﬁt sink
which describe the centerbody model. ALFRNG is called to compute the

G; Fourier coefficients in equation (37) and the Hn Fourier coeffi-
cients in equation (32). PRESS is called to set up tables of the

duct thickness correction factor and the leading-edge singularity
parameter. These tables are used in the calculation of the duct surface
pressure distribution. Subroutine INPUT next calls subroutine PKL to
look up a table of the Pkﬂ influence coefficients. These coefficients,
used in computing the radial velocity induced by a distribution of vor-
tex rings, are functions only of c¢/D and are obtained from reference 9.
Subroutine CAMBER is called to compute the induced camber coefficients
which are combined with the geometric camber coefficients to obtain the
total effective camber of the duct.

Subroutine HUB is called again by INPUT to compute the Fourier
coefficients D and DK. These coefficients are constants for a given
duct and centerbody configuration; therefore, they may be computed at
this time assuming a unit free stream and then correcting for the

increased free stream as they are used.

Subroutine PROP divides the fan annulus into the required number
of annuli (which is input), computes the inner, outer, and mean radii
of the annuli and interpolates in the blade B8, b/Rp, and h/b input
tables to obtain values of B, b/Rp, and h/b at the mean radii of the
annuli.

Certain components of the inflow to the fan are constants and can
be computed at this time. Subroutine GAMCYL computes the nondimensional
axial inflow velocities (in the form wu/vy) induced at the mean radii of
the fan annuli by a vortex cylinder trailing from the duct trailing edge.
These are a function only of c¢/D. The equation solved is equation (A-10)
of reference 5. In this equation, it is necessary to use elliptic
integrals, an arcsin relation, and the Heuman Lambda Function. These
are obtained, respectively, from subroutines ELLIPS, ARCSIN, and LAMBDA.
Subroutine SRCRNG computes the nondimensional axial inflow velocity
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(in the form u/V) induced at the mean radii of the fan annuli by the
source rings representing the duct thickness distribution. The equation
used is equation (A-6) of reference 5. Subroutine HUB computes the
nondimensional axial inflow velocity (in the form u/V) induced at the
mean radii of the fan annuli by the source-sink distribution representing
the centerbody geometry. The equation used is equation (15) of refer-
ence 1. The two latter inflow velocities must be corrected for the

increased local axial velocity .as is discussed in reference 1.

Subroutine BNCOEF computes the Fourier cosine series coefficients
(Bn) for the nondimensional radial velocity (in the form v/v) induced
along the duct reference cylinder by a vortex cylinder trailing from
the duct trailing edge. The equation used is equation (C=3) of
reference 5. The subroutine ANCOEF computes Fourier series coeffi-
cients for three sets of velocities on the duct reference cylinder.
The coefficients B; are those of the nondimensional axial velocity
(¢/v) induced by a vortex cylinder from the duct trailing edge (egs. (23)

and (25) of ref. 3). The coefficients (An) and (A;) are those of
w w o
the nondimensional radial (v/yw) and axial (u/yw) velocities, respectively,

induced by the wB inner vortex cylinder trailing from the fan. The
equations used are equations (13) and (16), and equations (20) and (21),
respectively, of reference 3. These Fourier coefficients are obtained
by fitting a 50-term Fourier cosine series to the chordwise velocity
distribution and truncating after the sixth term. At this point, the
coefficients for all of the velocities induced at the duct reference
cylinder by the fan wake, duct thickness, and the centerbody are known,

and control returns to the main program.

The blade element performance in each of the fan disk annuli is
computed using the local blade lift coefficient obtained from subroutine
CLALF. The section <, includes the effect of local blade stall in
the manner described in reference 1. The strengths of the internal
vortex cylinders are now computed. The main program calls subroutine
CNCOEF. The basic purpose of this subroutine is to apply the boundary
condition of no flow through the duct camberline to compute the Fourier
coefficients, Cp» representing the duct-bound vorticity Yp- The six
C coefficients are obtained;from the solution of a matrix equation

n
involving the A , A%, B Bﬁ, D., D¥ coefficients, the camber

n? n’ n?
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coefficients, and the vortex cylinder strengths just computed. The three
dependent matrices in this equation are computed and defined in subroutine
CNCOEF. The equation is then solved for the Cn through use of the
matrix inversion subroutine, MATRIX. If the matrix to be inverted is

singular, an error message is printed and the subroutine transfers to a
STOP statement.

Now that all the singularity distributions are known, the correction
factors which are applied to the duct thickness-induced velocities and
the centerbody-induced velocities are computed. Both correction factors
need the velocities induced by the vortex cylinder trailing from the
trailing edge of the duct and the duct-bound vorticity, Yp - These
induced axial velocities are obtained from subroutines GAMCYL and

VTXRNG, respectively.

Subroutine VIXRNG is called again to compute the axial inflow to
the fan due to the duct-bound vorticity, Yp- Equation (A-9) of refer-

ence 5 is used with the Ch coefficients just computed.

The main program then sums the inflow velocities in each of the fan
annuli obtained from all the singularity distributions and adds to these
the free-stream velocity and the discontinuous portion of the velocity
difference across each vortex cylinder (yw/Z). The resulting total
inflow in each annulus is compared with the initially assumed inflow.

If all velocities do not agree within the prescribed convergence limit,
the new inflow is assumed to be the average between the initial and
computed velocities. The program then returns to the computation of new
values of the local blade performancé. Subroutine CNCOEF is called,

new C_ coefficients determined, new corrections for the centerbody-
induced velocities and duct-thickness-induced velocities are computed,
VTXRNG is called to obtain the fan inflow due to the duct-bound vorticity,
and a new total fan inflow obtained. This iterative process is repeated
until convergence is obtained for all the fan annuli or until 50

iterations have been completed.

After convergence is obtained, the main program calls OUTPUT which
immediately prints out the fan loading and inflow parameters. The force
and moment coefficients are computed and output, and if the duct surface
pressure coefficients are to be computed, subroutine PRESS is called.

In PRESS, the velocity induced on the duct reference cylinder by all the
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singularity distributions is computed. This includes the axial velocity
induced by the duct-bound vorticity, Vo2 associated with the duct at
angle of attack. These induced velocities are obtained from subroutine
ALFRNG which uses equation (49) of reference 1. After summing all the
continuous and discontinuous velocity components, Bernoulli's equation
is used to compute the duct surface pressure coefficients., Control
returns to OUTPUT where the pressure coefficients are printed. This
completes the series of calculations and control is returned to the

main program.

The above sequence of operations is arranged such that the calcula-
tions performed by INPUT provide all the parameters dependent only on the
duct and propeller configuration. Thus, if performance of a given
configuration at a number of advance ratios or angles of attack is
desired, an index is read from a card following completion of the
calculations in OUTPUT, the next values of J and o read, and control
is returned to the part of the main program just after INPUT has been
called, which avoids some recomputation. If a new configuration is to
be analyzed, control returns to the statement in the main program

calling INPUT, where a complete new case is read in.

3.3 Use of Pfogram

The program is written in Fortran IV for the IBM 7094 computer.
No tapes other than the standard input and output tapes are required.
Typical execution times are approximately two minutes for the first case
and one minute for each additional run utilizing the same geometry. A
complete description of the input and output is presented in sections

4 and 5 respectively, and a program listing is given in section 7.
4, DESCRIPTION OF INPUT

This section contains a description of the input for the computer
program. The information required on the cards is described in
section 4.1. The remainder of the subsections below describe the manner
in which some of the input quantities are determined for a given ducted

fan configuration.
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4.1 Input Data

The format of the input cards making up a normal run is shown in
figure 4. In this figure the variable is given as well as the card ‘
column in which the punching of the value of the variable is begun and
the format in which it is punched. 1In all input the format is set up
for four figures to the right of the decimal point. If more signifi-
cant figures are required, the decimal point may be moved to the left
some appropriate amount. As long as the number is punched in the
specified field of 10 columns, the decimal point may be punched in any

column.

Card No. 1 contains any alphabetic and numeric information that is
desired for identification purposes. This information is printed at the

top of each page of output.

Card No. 2 contains information about the geometry of the duct.
The first item (c¢/D) is the chord-to-diameter ratio. This value should
be greater than zero and less than about 2.5. This upper limit is
approximate and is necessary only because some coefficients built into
the program must be extrapolated for c¢/D > 2. The next items on this
card are the axial location of the fan within the duct (xp/c), the
maximum thickness~to-chord ratio of the airfoil section of the duct (t/c),3
the ratio of the duct radius at the trailing edge to the fan radius (R/Rp),
and the ratio of the centerbody radius at the fan station to the fan tip
radius (RCB/RP) (or the fan hub-tip ratio). The last item is the
convergence criterion (€). The iteration will stop when the inflow
profiles agree within ex10® percent. A suggested range for € 1is
0.001 < ¢ £ 0.01.

Card No. 3 contains the four Fourier coefficients (Rn) of a cosine
series fit to the duct camberline., If the duct is uncambered, these

four values are all zero.*

®The value of t/c must be within the range 0.06 < t/c £ 0.24
because of correction factors used in the calculation of duct pres=-
sure distribution. If t/c 1is outside this range, the pressure
distribution will be slightly in error, but all other calculations
will be correct.

%A detailed discussion of the manner of computing these four coeffi-
cients is given in section 4.2.
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Card No. 4 contains the information necessary to define the center-
body. The first item is the centerbody length expressed as a fraction
of the duct chord (zCB/c). The second item is the location of the
centerbody nose in the duct coordinate system (XCB/C). If the center-
body extends forward of the duct leading edge, xCB/c < 0. The next
item is the maximum radius of the centerbody expressed as a fraction of

the centerbody length (r /ﬂCB) and the last item on this card is the

max

X location of r (x ) in the duct coordinate system. Preparation

max r

max
of the input on this card must meet certain specifications which are

discussed in detail in section 4.3.

Card No. 5 contains six quantities. The first, NBLD, is the
number of fan blades. This number must be greater than zero. The
second item, Nz, is the number of equal area annuli into which the fan
annulus is divided. The limitation on N2z is 2 < Nz < 24. The
third item, NZP, is the number of stations in the input table of fan
blade characteristics. The limitations on NZP are 2 < NZP < 24.
The next quantity is IR, the number of x-stations at which the duct
surface pressure distribution is to be calculated. At a given x/c,
the pressure coefficient is computed on the inside and outside surface
of the duct. The value of IR must be in the range 1 < IR £ 25.°
The next item, NPRES, is an index which controls the form of the sur-
face pressure coefficient. If NPRES = 1, the surface pressure coeffi-
cient is based on free-stream dynamic pressure. If NPRES = 2, the
surface pressure coefficient is based on the propeller tip speed. The
last quantity, NPRINT, is an output index which controls the quantity
of output. For normal runs, NPRINT = 0. If NPRINT = 1, an extra
page of optional output is developed which contains a table of the
components of the inflow to the propeller. This optional output is
described in the output section of this report. Another output option
is available, but the authors recommend that it not be used, as it is
useful only for diagnostic purposes. If NPRINT = 10, a page listing

all of the Fourier cosine series coefficients for the u and v

SThe input controlling the pressure distribution calculation has been
set up for ease of repetitive running with the same configuration.
Consequently, IR must be 1 or greater, whether or not any pres-
sures are to be computed. An index on the last card indicates the
requirement for computing pressures.
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velocities induced at the duct reference cylinder is printed. If
NPRINT = 11, both of the above optional pages are output. In most cases
of interest, NPRINT will be identically zero.

Card No. 6 contains the fan radii (r/Rp) at which the blade
characteristics are to be input. There are NZP entries in this table,
so if NZP > 8, the other entries in the table must be included on
following cards. For example, if NZP = 17, three cards are required.
The first two cards will have eight fields each and the third card one
field. The values must be put in order of increasing radius ratio.

The first entry in the table should be the value of r/Rp at the root
or hub, which nominally is equal to RCB/Rp’ the value on Card No. 2.
The last value in the table should be r/Rp = 1.0. There cannot be
more than 24 entries in the table.

Card No. 7 contains values of the fan blade chord (b/Rp) at the
radial stations corresponding to the values on Card No. 6. With eight
fields per card, there will be as many cards here as in the r/R

b
case (Card No. 6).

Card No. 8 contains the fan blade pitch angle (B) in degrees at
the radial stations corresponding to the values on Card No. 6. The
pitch angle is the blade twist angle measured from the plane of rota-
“tion to the zero lift line of the local blade section. The number of
cards here will be the same as the number of r/Rp cards (Card No. 6).

Card No. 9 contains the blade section thickness-to-chord ratio at
the radial stations corresponding to those on Card No. 6. The number

of cards here will be the same as the number of r/Rp cards (Card No. 6).

Card No. 10 contains the values of x/c at which the duct surface
pressure coefficients are to be calculated. This card should contain
IR values, and if IR > 8, the ninth and succeeding values should be
put on following cards in the same format as shown for Card No. 10.

The values should be put in ascending order with the limitation

0 £ x/c £ 1.0. Since the inner duct surface pressure distribution has
a discontinuity at the fan due to the pressure jump aft of the fan, it
is desirable to include x/c¢ values Jjust upstream and downstream of
the fan. No numerical problem occurs, however, if the x/c value

exactly at the fan station is input, since the program uses the total
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pressure upstream of the fan to compute the inner duct pressure

coefficient at the fan station.

Card No. 11 is the last card required for a particular configura-
tion. The first item on this card is a run identification number, NRUN.
The only restrictions on NRUN are that NRUN < 9999 and NRUN # O.
The second quantity is the index NPHI, which is the number of azimuth
stations around the duct at which the surface pressure coefficients
are to be calculated. The limitation is that 0 £ NPHI £ 5. 1If
NPHI = 0, no pressure calculation will be performed for this run. The
next quantity is the advance ratio, J. The advance ratio must be
greater than zero.® The duct angle of attack, a, in degrees is the
next item. The only requirement is that cos o # O. The remaining
five fields on the card should contain the azimuth angles, ¢, in
degrees, at which pressure distributions are to be calculated. There
should be NPHI values of ¢, and due to the symmetry of the flow,

0 < ¢ £ 180°.

If only one run is to be made, the input deck is complete with
Card No. 11. If two or more runs are to be made, the card arrangement

following Card No. 11 for stacking runs is as follows:

(1) If the same ducted fan configuration is to be investigaged at
a different advance ratio or angle of attack or if different values of
¢ are of interest, only one additional card is required to initiate
the new run. This card has the same format as Card No. 11. The run
number can be changed to identify the new run. Each succeeding run with
the same configuration requires the one additional card, and this card

can be repeated as many times as desired.

(2) If a different duct and/or fan configuration is to be investi-
gated, the card following Card No. 11 must be blank. The new case is
then loaded as a deck consisting of Card Nos. 1 through 11.

A sample set of input data illustrating the program options is

shown in figure 6.

®A value of J = O causes numerical problems in the machine. To
compute a zero advance ratio (hover) case, set J = 0.01.

25



4.2 Duct Camber and Thickness

The duct thickness and camber are required on the second and third
cards. A brief discussion is given below with regard to the selection
of these parameters. In order to give a reasonably wide latitude to the
use of the program while at the same time not storing a great quantity
of airfoil data in the program, the specifications of duct thickness

and camber were separated.

The thickness distribution is taken to be the local profile thick-
ness as measured from the camberline. For purposes of including thick-
ness effects in the performance calculations, the thickness distribution
is specified within the program as that of a symmetrical four-digit
NACA airfoil which has an analytical expression for the variation of
thickness with distance along the chord. This distribution is completely
specified by one parameter, the ratio of maximum thickness to chord.

In selecting a value for a given duct configuration, it is suggested
that the (t/c)maX value be chosen which will yield the best fit to

the actual duct shape along the inner forward portion of the duct, while
still giving a reasonable fit over the other portions of the section.
Tables of thickness distribution for wvarious (t/c)max can be obtained

from Appendix I of reference 11.

The camber coefficients required in the third card are computed
according to the methods given below. Figure 1 indicates the notation
and coordinate systems. The axial coordinates are x, measured from
the leading edge with the range 0 to c¢j; 9, measured from the leading
edge with the range O to 7; and Xgs measured from x = ¢/2 with the

range ~c/2 to +c/2, The relation between 6 and X is given by

cos 6 = -2xs/c » (45)

The local slope of the geometric camberline is

drc S
a;g = E: Rn cos (no) S (46)
n=o
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This can be integrated‘to give the camberline shape as
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The camberline radius at the trailing edge is identically that of the
duct reference cylinder, which passes through the trailing-edge radius;
that is, at 6 =. - R = 0., Four other points along the camberline

must be selected and their r,

Ty ¥
C
values put into the above equation to

obtain four simultaneous equations for the four R, coefficients. It
is suggested on the basis of past experience that these points be
nearly equally spaced for best results; that is, at x/c = 0, 1/4, 1/2,

and 3/4. 1If these four points are chosen, the R, coefficients can be
" calculated from the following equations.
r— -
— — 2 1 l rc
k] [1H ad o d] ( >
1 1 1, r, - R
R (-3 3) (5 3) (-4) (5 3) ( ‘)
1 3 3 3 1/a
= X (48)
rc R
R, (-2) (4) (0)  (-4)
1 r R
R,| |1 5P 8 6D (C )
s ———’ L— —

If the camberline is not well behaved (for example, if it should have

a hook near the leading edge), four other values of x/c may be
necessary to give the best overall fit to the actual camberline.
Several tries may be necessary to select the right combination of four

points.

all the coefficients are input

If the duct has no camber, R,

equal to zero.
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4.3 Centerbody

The centerbody shape is approximated by a Rankine body, figure 5.
Because the centerbody model is so simple, there are certain restrictions
on the inputt It is necessary that xCB/c, rmax/£CB’ ﬁCB/c,_and
erax/c be input such that the centerbody half-~length (distance between

the nose and the point of maximum radius) is greater than the maximum radius;
that is

X, - XCB > r

max
max

or in terms of the nondimensional ratios,

(Foe)(52) - (Fem) (5 (e

The effect of the centerbody on the ducted fan performance cannot

be eliminated entirely from the program, but it can be made negligibly
small by inputing the appropriate geometry. Thus, if the user wishes
to remove the effect of the centerbody, the centerbody parameters

should be input according to the following rules:

x x
CB __P _ 9.02
c c
£
CB _ .04
c
r
—ﬂﬂéﬁ = 0.005
CB

r x
max _ _p
C

I1f these values are used, the area inside the fan hub radius (WRCBg) will
be unloaded unless RCB is set equal to zero. It should be noted that
because of the formulation of the program, the leading edge of the center-
body should be forward of the fan station in order to avoid numerical
problems; that is

X
€B . P
c <&
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Generally, in approximating the centerbody shape, the user should try to
fit the portion between the nose and the fan station best. This will

give the best results for the inflow to the fan. If possible, the total
length should be approximated, but if compromise is necessary, the
portion ahead of the fan is more important than that aft of the fan.

If the maximum centerbody radius occurs aft of the fan, some judgment
must be used to decide on the position and value of the maximum radius.
Remembering that the purpose of the centerbody model is to approximate

the blockage effect on the inflow to the fan, the best centerbody model

is a compromise to give the closest fit to both the maximum radius and the

radius at the fan station.

4.4 Fan Blade Characteristics

A simple method to account for local blade stall is described in

reference 1. This method involves a table of cﬂ versus t/c
max
derived from fiqure 2(b) of reference 1. This table is built into

Subroutine CLALF. If the user wishes to change this table, he should

use the following procedure.

The local section thickness—to-chord ratio is called array TCB
with 10 entries ranging from TCB(l) = 0 to TCB(1l0) = 0.34. The

blade section c, is called array CIMX, with 10 entries corres-
max
ponding to the TCB array. The table is easily changed by changing

corresponding entries of TCB and CLMX. It is advised that the total
number of entries (10) in the table be unchanged. If the user would
like to remove the effect of blade stall and assume that the blade

section «c is constant and equal to 27 at any angle of attack,

ﬂa

every entry in the array CIMX should be set equal to some large number,
for example, 10.0.

5. DESCRIPTION OF OUTPUT

The nominal output consists of three pages of data, to which can
be added one additional page of optional odtput. The pages are numbered
and each page has the run number at the top plus the identification

information which is punched in the first card of the input deck.
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A typical set of output including one page of optional output is shown
in the sample case (figure 7).

The first page is numbered PAGE 0. It contains a listing of the
input data plus a table of definitions of symbols. The input listed on
the line entitled DUCT GEOMETRY is the duet chord-to-diameter ratio
(C/D), the axial position of the fan station as a fraction of duct
chord (XP/C), the duct maximum thickness-to-chord ratio (T/C), the
ratio of the duct trailing-edge radius to fan radius (RTE/RP), and the
ratio of centerbody radius in the plane of the fan to the fan radius
(RCB/RP). The next line lists the geometric camber coefficients, Rn'
The next group of data indicates the fan blade geometry input into the
program. The number of blades is given, and a table of (nondimensional)
blade chord (B/RP), blade pitch angle (BETA), and thickness-to-chord
ratio (TH/CHD) versus nondimensional radius (R/RP) is given. This
information is followed by the centerbody geometry which consists of
the ratio of centerbody length to the duct chord (LCB/C), the axial
location of the centerbody nose (XCB/C), the maximum radius of the
centerbody in fraction of centerbody length (RMAX/LCB), and the axial
location of the maximum radius (X(RMAX)/C). The next line contains
the convergence criterion (EPSILON). This is followed by a table of
symbols and their definitions.

Page 1 is optional output (NPRINT = 1) and is so noted at the top
of the page. This page lists the inflow velocity results obtained
after convergence of the iterative process. For convenience, the duct
characteristics printed on the previous page are again printed here at
the top of the page with the addition of the ratio of the fan disk area
to the duct exit area (AP/A). The next line lists the four Fourier
coefficients of the effective camber, RX. Following these are the duct
angle of ;ttack in degrees (ALPHA), the advance ratios J = V/nDp
and J' = V/wR, and the values of J cos o and J' cos a. The
following table lists the induced inflow velocity in each of the
annuli (N). At the center of each of the annuli, denoted R/RP, the
inflow is made up of the velocities induced by the duct thickness (UQD/V),
the duct-bound vorticity (UGD/V), the vortex cylinder trailing from the
fan tip (UG/V), and the centerbody (UCB/V). The final column indicates
the local blade bound vorticity, I'/RV, (GAMMA/RV). The numbers in
parentheses above UQD/V and UCB/V are the correction factors for
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the thickness distribution and the centerbody, respectively. The last
output on the page is the number of iterations required for convergence,
and the convergence criterion. When the duct is at angle of attack,

the reference V in the table is actually V cos o or V.

The next page, page 2, lists the fan and duct performance. Again,
the duct characteristics are listed at the top of the page, together
with the angle of attack and advance ratios. The table that follows
lists at each of the fan annuli centers (R/RP) the total inflow
velocity (U/V), the strength of the vortex cylinder shed from the outer
radius of the annulus (GAM/V), the angle of attack of the blade, in
degrees, as measured from the line of zero lift of the blade, and the.
total pressure rise divided by the free-stream dynamic head (DELTA P/Q).
When the duct is at angle of attack, the nondimensional inflow results,
blade bound vorticity, and fan pressure rise are based on V = V cos a,
rather than V. Following the table are various force and moment
coefficients preceded by note (A) or (B). The thrust and normal force
and moment coefficients opposite (A) are defined as

= L
CT T gA
= N
cN‘qA
= M
Cum = gAR

where the moment center is at the center of the duct (x = ¢/2, r = 0).
The coefficients opposite (B) are defined using the fan rotational
speed and tip diameter as

= T
T = 5nZDR
PR"Pp

Cy = —B—r
N pn D;

M
M~ pn®DS3
p
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The propeller thrust coefficient is CTP(D). The duct thrust coeffi-
cient based only on the thrust on the duct-bound singularity distribu-
tions is given as CTD(P). The sum of these two is CTDP. The duct-
thrust coefficient including the pressure thrust due to the fan tip
pressure rise acting on the inner duct surface aft of the propeller

as well as the thrust on the singularity distributions is noted CTD(P)'.
The sum of this duct thrust and the propeller thrust is noted CTDP'.

The normal-force coefficient is CNDP and the moment coefficient is
CMDP,

The thrust coefficients with and without the pressure thrust added
to the inner duct surface are presented in the output. The results in
reference 5 show that inclusion of the pressure thrust on the duct gives
better agreement with measured duct-thrust coefficients and pressure
distributions on the inner duct surface. Therefore, all thrust results
presented in section 9, Data Comparisons, include the pressure thrust
on the duct. Both thrust results are included in the output so that
the user can see the full effect of the pressure rise aft of the fan.

The last items on page 2 are several notes. Notes (A) and (B) are
self-explanatory. The note denoted with an asterisk (*) corresponds to
any asterisk printed in the table. This note is printed to bring atten-
tion to the fact that the blade sections are stalled in the annuli so
noted.

The last page of output, page 3, contains the duct surface pressure
distribution if it has been requested (NPHI # 0). Again, the duct
characteristics and flow conditions are printed at the top of the page.
The next line lists the azimuth angles, ¢, in degrees. Directly under
the azimuth angles are the corresponding pressure coefficients on the
inside (CP(IN)) and outside (CP(OUT)) surfaces of the duct. The
pressure coefficients are based on the free-stream dynamic pressure
(NPRES = 1)

‘2
C=1_(§)
P v
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or the propeller tip speed (NPRES = 2)

2 _ 2

C =V_—E
p 2n2p2
P

according to the note printed as the last line on this page.

This completes the output for one complete run. The pages that
follow depend on how runs are stacked. If the same duct and fan
configuration is to be run at new values of advance ratio, angle of
attack, or azimuth angles, the additional output will be the same as
above starting with page 1. If some change has been made in the
configuration, then the complete set of output from page 0 listing the

new input data will follow.
6. DESCRIPTION OF ERROR MESSAGES AND STOPS

A number of error messages and stops are built into the program so
that if certain conditions occur, the computation will stop and some
indication of why it was stopped will be printed on the output.

Immediately after reading in the input data, several checks are
made on specific quantities. If NPHI > 5, it is set equal to 5 and

execution continues with no error message.

If the number of propeller blades (NBLD) is less than or equal to

zero, the following message is printed:
"NUMBER OF BLADES IN ERROR, NBLD = —xx"

If the convergence criterion, ¢, is less than or equal to zero,

the following message is printed:
"CONVERGENCE CRITERION MUST BE GREATER THAN 0.0"

If the angle of attack, a, is greater than or equal to 90°, the

following message is printed:
"ANGLE OF ATTACK MUST BE LESS THAN 90.0 DEGREES"

If the advance ratio, J, is less than or equal to zero, the

following message is printed:

"ADVANCE RATIO MUST BE GREATER THAN 0.0"
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In Subroutine CLALF the propeller blade thickness~to-chord ratios
are tested. 1If any do not fall in the range 0.0 < t/c < 0.34, the

following message is printed:

"THE BLADE THICKNESS-TO-CHORD RATIO IS OUTSIDE THE RANGE
0.0 TO 0.34"
Two error messages associated with computation of a centerbody
shape are built into Subroutine HUB. If the centerbody geometry is
input such that the requirements listed in section 4.3 are not met, the

following message is printed:
"INPUT CENTERBODY DIMENSIONS IN ERROR"

If Subroutine HUB is unable to converge on the source and sink locations,
the following message is printed:
"SUBROUTINE HUB UNABLE TO COMPUTE CENTERBODY
GEOMETRY"

If any or all of the above messages are printed, the following

message is also printed:
"ERROR - EXECUTION TERMINATED"

and the program terminates execution at a STOP statement in the Main

program,

The above errors are due to errors in the input data and should be
simple to correct. If the program fails to converge on the inflow
profile in 50 iterations, two more iterations are made. The results of
iterations number 51 and 52 are output, including the optional page
showing the components of the induced inflow velocities. The following
messages are then printed:

"PROGRAM DID NOT CONVERGE ON INFLOW PROFILE"
"ERROR - EXECUTION TERMINATED"
and the computation terminates at the STOP statement in the Main program.

The above error is rare and has occurred in the authors' experience
only under conditions of small advance ratio, J cos o, and small blade
pitch angles. If all the input appears correct, increase J cos g by
increasing J or decreasing o and rerun the same case again. Also
check the convergence criterion (¢), and consider increasing it to

relax the tolerance on convergence. Experience has shown that ¢
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should not be larger than 0.0l1. There is approximately 10 percent
difference between force and moment coefficients computed with ¢ = 0.01
and € = 0.10. An example of a case that consistently did not converge
was the Doak ducted fan (ref. 12) with 11° pitch at advance ratios less
than 0.5 in axial flow.

If the duct thickness-to-chord ratio is outside the range
0.06 £ t/c £ 0.24, the following warning is printed:

"DUCT PRESSURE DISTRIBUTION CALCULATION ASSUMES
T/C = x.xxx"

7. PROGRAM LISTING

The ducted fan performance analysis program is written in Fortran IV
for the IBM 7094 computer. The program consists of the main program and
20 subroutines. Each source deck is identified in columns 73-80 by a
four-character identification (NExx) indicating the number of the
subroutine and a three-digit number sequencing the cards within the
subroutine. The program listing is given in the following pages. The
table below will act as a table of contents for the program listing.

Program Identification Page No.
MAIN NEOO ' 37
INPUT NEO1 40
PKL NEO2 44
ELLIPS NEO3 47
LAMBDA NEO4 ‘ 53
HUB NEOS 61
CAMBER NEO6 : 63
PROP NEO7 64
CLALF NEO8 65
ARCSIN NEO9 67
MATRIX NE1lO 68
FOURCS NE1ll 69
SRCRNG NE12 71
VTXRNG NE13 73
ALFRNG NE1l4 77
GAMCYL NE15 i 81
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36

Program

BNCOEF
ANCOEF
CNCOEF
PRESS

OUTPUT

Identification

NE1l6
NE17
NE18
NE19
NE20

Page No.

83
84
87
89
93



laNa¥a

120
997
998

29

28

1

1

DUCTED PROPELLER ANALYSIS PROGRAM

DIMENSION B(6) 9BS(6)»SAL6) +1S5AS(6)sP(646)

DIMENSION C(6) 2Al2596)9AS(2506)9D(6)9DS(6)95C(6)9GS(6)2HI6)
DIMENSION RB(25)9BR(25)9BTAL25)sTCBLD(25)sRA(25) 9 XPRES(25)9PHI(5)
DIMENSION UG(25)oUQD(25) 2UGDI25)9UV(25)9UCB(25)9sVCB(25)

' T UGP(25925) sUGA(29) 9CVI25) sGRV 25} 9CPP(5925) 9»CPM(5925)
DIMENSION ALPHA(25)sSTALL(25)JSTL(25)+TALK{20)

COMMON MZZZ+CDsROsR19R29R3sPI+sB9BSsSAsSASHP

NEOO
NEOO
NECO
NEOO
NEOO
NEQO
NEOQO
NECO
NEQO
NEOO

COMMON/NEAR1/ NRUNsNBLDoNZ sMZsNPRES» IRINTIMEsNERRINPAG s NPHI sNPRINTNECO

COMMON/NEAR2/ CrA92ASsDsDS+SCrGSHH

NEOO

COMMON/NEAR3/ RRPXP+2+BLDIRBsBR+BTA»TCBLD»TCoRCBRP 1APASALF s XPRESINEOO

RA»XCBsXRoELCBCIRMAX s PHI »CORJ s CORCB
COMMON/NEAR4/ UG»UQD sUGD sUVUCB»VCBIUGP sUGAIGY sGAMyGRV »CPP s CPM
COMMON/NEARS5/ ARJSARJPIEPSIRADsCLIALPHAISTALLWJSTLsTALK

FORMAT(21597F1066)

FORMAT (///10Xs42HPROGRAM DID NOT CONVERGE ON INFLOW PROFILE///)
FORMAT (///10Xs28HERROR = EXECUTION TERMINATED///)

INITIALIZATION OF SUBROUTINES

DUM=0.0

M2ZZZ=0

CALL ELLIPS (DUMsDUMIDUM)
CALL LAMBDA (DUMsDUMDUM)
CALL PKL (DUMsP)

CALL CLALF (0)

MZ2ZZ=1

PI1=341415926
RAD=1804/P1

NERR=Q
CALL INPUT
IF (NERR) 28+28+999

CSALF=COS(ALF/RAD)
ARJV=ARJ

. ARJVP=ARJP

30

31

25

32

ARJ=ARJRCSALF
ARJP=ARJP#CSALF

DO 30 K=1lyNZ

UviK)= 240

NTIME=1

CORCB=2,0

DO 32 K=1lyNZ
BPI=RB(K)/ARJP/UVIK)
ABPI=ATAN (BPI)
ALPHA(K)=(ABP1~=BTA(K))*RAD

BPI=BPI#BP]
BPI=SQRT (BPI+1.0)
J=K

CALL CLALF (J)

IF (NERR=1) 2599999999

CONT INUE

GRVIK)=0e5#CL#*BR(K) #*UV(K)#BPI
CONT INUE

NEOO
NEOCO
NEOO
NEQO
NEOO
NEOO
NEOO
NEOQO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOQO
NEOO
NEOO
NEQO
NEOCO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOQO
NEOQ
NEGQ
NEOO
NEOOQ
NEQO
NEOO
NEOO
NEOO
NEOQO
NEOO
NEOO
NEOOQ
NEOCQ
NEGO
NEOO
NEOO
NECOQ

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
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NnNNN

(aXaXa)

38

33

133

233

34

35

38

39
40

41

97

141

142

GV(NZ)=GRV(NZ)*BLD/PI/ARJP+1.0
AGV= 1l
IF{GVINZ))133+233+233
GVINZ)==GV(NZ)

AGVE=], _
GV(NZ)=AGV®SQRT (GVINZ))=1le
AGV= 1,

S5Gv=140

DO 35 U=m}] M2

KeNZ~J

L=aK+l

SGVeSGV+GV(L)

SGVv2=SGV#5GV
GRVD=GRV(K)=GRV (L)
GRVD=GRVD*#BLD/P1/ARJP
DUM=SGV2+GRVD

AGV=]140

IF (DUMeLTe0e0) AGVa=1,40
GV(IK)=AGV#*SQRT (AGV*DUM)=SGV
CONT INUE

DO 38 N=1+6

SA(N) =0,

SAS(N)=0e

DO 40 N=1,6

DO 39 M=)l M2
SAIN)=SAIN)+A(MIN) %GV (M)
SASIN)=SAS(N)+AS(MyN)#GV M)
CONT INUE

DO 41 N=1s6

SA{N)=SA(IN) + DIN)*CORCB
SAS(N)=SAS(N) + DS(N)*CORCB
GAM=GV(NZ)

CALL CNCOEF (GAMsC)

DO 141 N=196

SA(N)=SA(N) = D(N)*CORCB
SAS(N)=SAS(N) = DSIN)#CORCSB

COMPUTE CORRECTION FOR LOW ADVANCE RATIOS

DuUM=XPRES(1)
DUMM=RA (1}
XPRES(1)=XP
RA{1)=140

(CORY)

CALL GAMCYL (CDsXPs1sRB2IUG»19XPRESIUGP sRRPsRA)

IRC==]

CALL VTXRNG (CDsXP9sIRCIRB»CoUGD s XPRESP)
CORJ=UGD(1)*GAM + UGP(1s1)#GAM + 140

IF (CORJeLTele0) CORJI=1e0

COMPUTE CORRECTION FOR CENTERBODY INDUCED VELOCITIES

RA(1)=040

CALL GAMCYL (CDsXP3s19RAIUGIO s XPRESIUGP sRRPIRA)

IRC=1

CALL VTXRNG (CDsXPsIRCoRA9CsUGD 9 XPRESHP)
CORCB=UGD(1)#GAM+UGP (191 )} #GAM+140

DO 142 J=1sMZ
CORCB=CORCB+GV(J) /240

NEOO
NEOO
NE0O
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEQOQ
NEOO
NEOO
NEOO
NEOO
NEOO
NEQO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEGO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOOQ
NEOO
NEOO
NEOOQ
NEOO
NEOO
NE0O
NEOO
NEOO
NEOO
NEOO
NEQO
NEOO
NEOO
NEQO
NEOO
NEOO
NEOO
NEOO
NEQO

060
os6l
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
oso
081
082
083

085
086
o087
088
c89
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118



98

42

44
45

47
46
50
60
69

68
70

996
999

IF (CORCBeLTele0) CORCB=140
XPRES{1)=DUM

RA(1)=sDUMM

CDP=CD#*RRP

CALL VTXRNG (CDPsXPsNZsRBsCoUGD ¢ XPRESP)
IRT=Q

SUMG=0,

D0 42 JU=1M2

SUMG=SUMG+GV { J)

DO 45 Js=1lyM2

UNVEL s+ (UG(J) *GAM) + (UGD( J) #GAM) +UQD ( J) #CORJ+UCB(J) #CORCB+SUMG/2 40

SUMG=SUMG=GV (J)
DELV=UV(J)=UNV
DELV=DELV/UNV
DELV=ABS (DELV)
IF(DELV=EPS) 45945944
IRT=IRT+1
UVIJ)={UVIJI+UNV) /2,4
J=NZ ’

UNVE]1e+{UG(J)#GAM) +(UGD(J)#GAM) +UQD ( J) #CORJ+UCB (J) #CORCB

DELV=UV(NZ)=UNV
DELV=DELV/UNV

DELV=ABS (DELV)
UVINZ)=(UVINZ)I+UNV) /24
IF(DELV=EPS) 46246947
IRT=IRT+1

IFLIRT) 50960450
NTIME=aNT IME+1

IF (NTIME=51) 31960460

CALL OUTPUT

IF (NTIME=51) 68969468
NERR=0

GO TO 31

IF {(NERR) 709709996
READ (5+120) NRUNSNPHIARJSALF o (PHI(J)sJ=1s5)

ARJP=ARJ/PI/RRP

NPAG=0

IF (NPH1«¢GTe5) NPHI=5
IF (NRUN) 28929928

ERROR STOP
WRITE (6+997)
WRITE (6+998)
STOP

END

NEOO
NEOQO

NEOO
NEOO
NEOQO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO
NEQO
NEOQO
NEQO
NEOO
NEOO
NEOQO
NEOO
NEOO
NEOO
NEOO
NEOQO
NEOO
NEOCOQ
NEOO
NEOO
NEQO
NEOO
NEOO
NEOO
NEOO
NEOQO
NEOO
NEOO
NEOO
NEOO
NEOCO
NEQO
NEOGOQ
NEOCO
NEOO
NEOO
NEOO
NEOO
NEOO
NEOO

119
120

121
122
123
124
125
126

128
129

131
132

134
135
136
137
138

140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
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SUBROUTINE INPUT NEO1

NEO1

DIMENSION B(6)sBS(6)9SA(6)sSAS(6)sP(646) NEO1
DIMENSION C(6)oA(2506)sAS(2596)90(6)oDS(6)o$C(6)’G$(6)oH(6) NEO1
DIMENSION RB(25)+BR(25)9BTA(25) s TCBLD(25) sRA(25) sXPRES(25)9PHI(5) NEO1
DIMENSION UG(25)sUQD(25) sUGD(25) sUV(25)9sUCB(25)9VCBI(25) NEOQ1

1 UGP(25925) sUGA(25) 9GV (25) sGRV(25) sCPP(5925) »CPM(5+25) NEO1
DIMENSION ALPHA{25) 9STALL(25)5JSTL(25)9TALK(20) NEO1
OIMENSION RE{4) NEOQ1
NEO1

COMMON MZZZ+CDsRO9R19R2sR3sPIsBsBS9SAsSASHP NEO1
COMMON/NEAR1/ NRUNsNBLDsNZ sMZsNPRES» IRINT IME s NERRsNPAGsNPHI *NPRINTNEOD1
COMMON/NEAR2/ CsA9ASsD9DS»SCeGSsH NEOQ1
COMMON/NEAR3/ RRPsXPsZ+BLDIRB9BRsBTAsTCBLDsTCoRCBRPsAPASALF s XPRESINED]

1 RA9XCB s XRyELCBCsRMAXsPH]I sCORJ9» CORCB NEOQ1
COMMON/NEARSG/ UGsUQD »UGD »UVsUCB+VCBIUGP sUGA» GV s GAM»GRV 9 CPP s CPM NEO1
COMMON/NEARS/ ARJIARJPIEPSIRADsCLsALPHAISTALL »JSTLTALK NEO1

: NEO1

101 FORMAT(15H1 RUN NUMBER+s15949X s4HPAGEs13//) NEO1
102 FORMAT(12H INPUT/5X965HOUCT GEOMETRYese c/o xpP/C NEO1
1 T/C RTE/RP RCB/RP) NEQ1
103 FORMAT(10X»20HCAMBER COEFFICIENTS»24F1046//) NEOQ1
104 FORMAT(5X922HPROPELLER GEOMETRYess 91391Xy6HBLADES//) NEO1
105 FORMAT(25X934HR/RP B/RP BETA TH/CHD) NEO1
106 FORMAT (/5Xs47THDEFINITION OF SYMBOLS USED IN TABULAR OUTPUTsee//) NEO1
107 FORMAT{10X+66HR/RP RADIAL PROPELLER STATION IN FRACTION OF PRNEO1
10PELLER RADIUS) NEO1
108 FORMAT(10Xs57HB/RP PROPELLER CHORD IN FRACTION OF PROPELLER RNEO1
1ADIVUS) NEO1
109 FORMAT(10X»36HBETA PROPELLER PITCH IN DEGREES) NEO1

110 FORMAT (10XesS5OHTH/CHD PROPELLER BLADE THICKNESS=TO=CHORD RATIOINEO1
111 FORMAT (/5X9s22HCENTERBODY GEOMETRYs e e2XS5HLCB/C95X5HXCB/Co3XBHRMAX/NEO]

1LCB 2 2X9HX (RMAX ) /C/25X s4F 1045} NEO1
112 FORMAT (/5Xs35HCONVERGENCE CRITERIONess EPSILON =sF745) NEO1
114 FORMAT (10X1HV9X20HFREE STREAM VELOCITY) NEO1
122 FORMAT(10Xs31HU TOTAL INFLOW VELOCITY) NEO1
124 FORMAT(10Xs48HGAM/V STRENGTH OF INTERNAL VORTEX CYLINDER N)  NEO1
125 FORMAT(10X»34HALPHA ANGLE OF ATTACKs DEGREES) NEO1
126 FORMAT{10Xs60HDELTA P/Q RISE IN TOTAL PRESSURE ACROSS PROPELLER NONEO1
1RMALIZED/25Xs31HON FREE STREAM DYNAMIC PRESSURE) NEO1
127 FORMAT(10Xs53HCTP(D)  THRUST COEFFICIENT ON PROPELLER IN THE DUCNEO1
1T NEO1
128 FORMAT(10Xs40HCTD(P) THRUST COEFFICIENT ON THE DUCT) NEO1
129 FORMAT(10X934HCTDP TOTAL THRUST COEFFICIENT) . NEO1
130 FORMAT(10Xs65HCTD(P)'  THRUST COEFFICIENT ON DUCT INCLUDING PRESSNEO1
1URE THRUST ON/25Xs29HTHE DUCT AFT OF THE PROPELLER) NEO1
131 FORMAT (10Xs60HCTDP! TOTAL THRUST COEFFICIENT INCLUDING PRESSUNEO1
1RE THRUST) NEO1
132 FORMAT (10X »40HCNDP TOTAL NORMAL FORCE COEFFICIENT) NEO1
133 FORMAT (10X s43HCMDP TOTAL PITCHING MOMENT COEFFICIENT) NEO1
134 FORMAT (10X+23HJ ADVANCE RATIO) NEO1
135 FORMAT (10Xs43HJ' RATIO OF V TO PROPELLER TIP SPEED) NEO1
148 FORMAT(20A4) NEO1
149 FORMAT(10X920A4//) NEO1
NEO1

240 FORMAT (F10e3+F843+F10e4sFB8e3sF8e4s2(2X91PEL245)) NEO1
241 FORMAT {110s6F1046) NEO1
244 FORMAT (5Xs6(1PE1346)) NEO1
250 FORMAT(20Xs5F1066//) NEO1

40

001
002
003
004
005
006
007
008
Q09
010
011
012
013
0ls4
01l5
016
017
o018
ols
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049

051
052
053
054
055
056
057
058
059



nonon

[a¥aXal

251
520

521
522

750
751
152
753

20

700

701
702

703
705

704
706

707
708

22

FORMAT (20X 92F10e69F10e39F10e5)
FORMAT (215+7F10e4)

FORMAT (8F10e4)
FORMAT (1015)

FORMAT (//7/10X»33HNUMBER OF BLADES IN ERROR?¢
FORMAT (///10X946HCONVERGENCE CRITERION MUST BE GREATER THAN 0e40)
FORMAT (///10X»46HANGLE OF ATTACK MUST BE LESS THAN 9040 DEGREES)
FORMAT (///10X¢38HADVANCE RATIO MUST BE GREATER THAN 040)

READ (59148) TALK

READ (5+521) CDsXPsTCoRRPIRCBRPIEPS

READ (54521) ROsR1sR2sR3
READ (5+¢521) ELCBCoXCBoRMAXXR

READ (5+522) NBLDeNZsNZPsIRsNPRESINPRINT

READ (5+521) (RB(J)eJ=1sNZP)
READ (5+521) (BR(J)9sJ=19NZP)
READ (5+521) (BTA(J)eJ=1sNZP)
READ (59521) (TCBLD(J)sJ=1sNZP)
READ (54521) (XPRES(N)sN=1sIR)

READ (5+520) NRUNsSNPHIsARJsALF s (PHI(J)oJu=195)

CHECK INPUT DATA

IF (NPHIeGTe5) NPHI=5
IF (NBLD) 7004700701
WRITE (69750) NBLD
NERR=1

IF (EPS) 7023+702+703
WRITE (6+751)

NERR=1

IF (ALF=9040) 70437059705
WRITE (69752}

NERR=1

IF (ARJ) 70697064707
WRITE (69753)

NERR=1

IF (NERR) 70897089999
CONTINUE

NPAG=0

WRITE (69101) NRUNsNPAG
WRITE (69149) TALK

INITIALIZATION OF SUBROUTINES

MZZZ=0

NBLD =+15)

CALL HUB (CD#XRsXCB+ELCBCIRMAX s IRsXPRES+RBsRRPUCBIVCB)

IF (NERRsGEs1) GO TO 999
CALL ALFRNG (CD»509+SCoUGA s XPRES)
DO 22 J=1ls6
H{J)aUGA(J+6)
GS{J)=UGALJ)

CALL PRESS

MZZZ=s1

Z=NZ

MZaNZ=]

CALL PKL (CDsP)
ARJP=ARJ/P1/RRP
BLO=NBLD

NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEQ1
NEO1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEQ1
NEOQ1
NEQ1
NEO1
NEOQ1
NEO1
NEO1
NEO1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEOL

060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
o8l
082
083
¢]-11
085
086
087
o8s
089
090
091

093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

41
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21

40

APA=1 4/ (RRP#RRP)={(RCBRP#RCBRP/RRP/RRP)
WRITE (6»102)

WRITE (69250) CD#sXPosTCoRRPIRCBRP

WRITE (69103} ROsR19R2eR3

WRITE (69104) NBLD

WRITE (6+105)

DO 21 J=1sNZP

WRITE (6+251) RB(J)sBR(J)IsBTA(J)»TCBLD(J)
WRITE (6s111) ELCBCsXCBsRMAXsXR

WRITE (6s112) EPS

COMPUTE INDUCED CAMBER COEFFICIENTS

CALL CAMBER (CD»TCoRE)
RO=RO=RE(1)
R1=R1=RE(2)
R2sR2=RE(3)
R3=R3=RE(4)

WRITE (64106}
WRITE (6»107)
WRITE (6+108)
WRITE (6+109)
WRITE (65110}
WRITE (6s114)
WRITE (6+122)
WRITE (69134)
WRITE (6+135)
WRITE (65124)
WRITE (6+125)
WRITE (6+126)
WRITE (69127}
WRITE (6+128)
WRITE (6+129)
WRITE (6+130)
WRITE (6»131)
WRITE (6+132)
WRITE (65133)

COMPUTE THE FOURIER COEFFICIENTS DUE TO THE CENTERBODY

M22Z2=z=]

N=50

CALL HUB (CDsXPsXCBsELCBCsRMAXsNsXPRESSRBIRRP»UCBIVCB)
M22Z2=]

DO 40 K=14+6

Di(K)=VvCBI(K)

DS(K)=UCB(K)

CALL PROP (NZPsRBsBRsBTA»TCBLDIRRPJRCBRPINZIRA)
COMPUTE THE CONSTANT PORTION OF THE INFLOW PROFILE
CDPaCD*RRP
CALL GAMCYL (CDPsXP ¢NZoRBsUGHO 9 XPRESsUGP sRRP9RA)
CALL SRCRNG (CDsXPsTCoNZsRBsUQD)
CALL HUB (CDoXPsXCBIELCBCIRMAXINZ s XPRESIRBIRRPIUCBIVCB)

COMPUTE THE FOURIER COEFFICIENTS DVE TO THE TRAILING VORTICITY

NEO1
NEO1
NEO1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEO1
NEO1
NEO1
NEOQL
NEO1
NEO1
NEO1
NEO1
NEO1
NEQ1
NEO1
NEO1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEO1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEQ1
NEO1
NEO1
NEOQ1
NEO1
NEO1
NEO1
NEO1
NEO1
NEQ1L
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEQ1
NEO1L
NEOL
NEO1L
NEO1
NEO1
NEO1
NEO1
NEOQ1
NEO1

119
120
121
122
123
124
125
126
127
128
129
130
131
132

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177



30
999

CRBN=CD#*2,

CALL BNCOEF (CRBN»#B)
NOUT=6

N=50

NCYL=NZ=1

CALL ANCOEF (NCYL9NsRAsXPsCDsRRPINRUN9QO9BS1A9AS)
00 30 K=1sN2Z
BR(K)=BR(K)/RRP
RB(K)=RB(K) /RRP
BTA(K)=29040=BTA(K)
BTA(K)=BTA(K)/RAD
RETURN

END

NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEO1
NEOL
NEO1
NEO1
NEO1
NEO1
NEO1

178
179
180
181
182
183
184
185
186
187
188
189
190
191

43
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10

SUBROUTINE PKL (CDsP)
OIMENSION P(696)2A(69697)9CLT)

COMMON M2Z2

IF (MZZ2) 19291
DO 10 K=146
00 10 L=1s6
DO 10 M=]1+7
A(KsLoM)=040

Allele2)
Alle392)
Al(19592)
Al(29192)
A(29292)
Al20442)
Al(39192)
A(393,2)
A(3+592)
Albels2)
Alse2492)
AlLrb2)
AlG9692)
AlS59e192)
A(59302)
A(5+592)
A(Gr4e2)
Al69692)

Allele3)
A(l9393)
All9503)
A(29193)
Al(20293)
A(29493)
A(29643)
A(39193)
A(39393)
A(30593)
Alésle3)
A(Ls293)
Albhsbr3)
Al4r693)
Al(50103)
A(59343)
A(59593)
A(69243)
A(69493)
A(69693)

Allelob)
Alle394)
All9504)
At20194)
Al29294)
Al2s434)
Al20604)

= 402683
= 401343
x=4,00001
= 405366
= 402987
==e00304
= 400608
= 400403
==400099
a=400005
==400101
= 200148
5=,00049
==qe00001
=e o 00049
= 400079
==400029
= 400049

= 407281
s 003644
== e 00004
= 414561
= 408526
2= e01252
= 400006
= 402491
= 401655
asme00411
==400016
2=400417
= 900609
==400200
==400013
== o00206
= 400318
= 400002
22400120
= 400197

e11925
005945
+00019
023849
014668
2=e02765
= o00021

NEOZ2
NEOQ2
NEO2
NEOZ
NEO2
NEOZ2
NEQ2
NEO2
NEO2
NEO2
NEO2
NEOZ2
NEO2
NEO2
NEOZ
NEO2
NEO2
NEOZ2
NEO2
NEOQ2
NEOQZ2
NEO2
NEO2
NEOZ2
NEO2
NEO2Z
NEOZ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEOQ2
NEO2
NEO2
NEOZ2
NEQ2
NEOQ2
NEO2
NEO2
NEQ2
NEO2
NEQ2
NEO2
NEOQ2
NEO2
NEO2
NEOZ2
NEQZ
NEG2
NEO2
NECZ
NEOZ
NEO2
NEO2
NEOZ2
NEQ2
NEOQ2

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
%
048
049
050
051
052
053
054
055
056
057
058
059



A(3s194)
Al303494)
Al(39504)
Albslob)
AlLes244)
Albrbod)
AlbLs694)
AlS59194)
A(Se304)
Al5+594)
Al&sly4)
Al69294)
Alb6rbra)
Al60604)

Atlsle5)
Al(ls395)
A{l19545)
Al20195)
Al292+5)
Al2s445)
A(2+695)
A(39195)
Al39395)
Al(39595)
A(&s195)
Al&Ls245)
Albo&y5)
AlbLs695)
A(5¢145)
A(55395)
Al5+595)
Al691+5)
A(69295)
A(69495)
Al696195)

Alls196)
All9396)
A(19546)
Al(29196)
Al29296)
A(29446)
Al20696)
Al{3e196)
A(39396)
A(34546)
Alasleb)
Al(43246)
Albobs6)
AlLs696)
A(5+196)
A(59346)
Al(59546)
Al69196)
At69246)
A(60406)
Al64616)

= 405488
= 403702
s=400965
= 400071
==400922
= 401418
==e00463
=2=400042
2=e 00482
= 000732
== 400005
= 400005
==,00278
= 400450

¢16016
«07907
00107
032032
«20609
o 04629
= 400035
= 409186
= 406338
2=,01766
= 00402
z=q01544
= 402592
=2=4,00855
2= g 00072
s=400883
= 01338
==e00025
s 400008
=2=,00512
= 000814

022278
010634
«00536
e 44556
¢30830
==e08513
==400059
= 417105
s 12346
2=e 03845
= 402020
z=o02784
= 405692
==401932
= 400079
==,01858
= ¢02935
=2=,00123
==e00011
== e 01087
= 401620

NEO2
NEO2
NEO2
NEOQ2
NEO2
NEOZ2
NEO2
NEO2
NEOZ2
NEOZ
NEO2
NEO2
NEO2
NEO2
NEOC2
NEOZ
NEQ2
NEO2
NEQ2
NEO2
NEO2
NEOQ2
NEO2
NEO2
NEO2
NEO2
NEOQ2
NEOQ2
NEO2
NEQ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEOZ2
NEO2
NEOQ2
NEOQ2Z
NEO2
NEO2
NEO2
NEQ2
NEOQ2
NEO2
NEOQ2
NEO2
NEQ2
NEOZ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEQ2

060
061
062
063
064
065
066
067
068
069
070
071

073
074
075
076
077
078
079
o8o
081
o082
083
084
085
086
087
oss
089
090
091

093
094
095
096
097
o098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

116

117
118

45
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20
19
21

30

100

40
n

Allels7)
Al{193,7)
All9597)
Al2¢197)
A(29297)
Al2+4s7)
Al29697)
Al39197)
A(39397)
Al(39597)
Albrls?)
Al49297)
Al494yT)
AlhebyT)
A(S59197)
A(59397)
Al(595,»7)
Al(69197)
A(69297)
A(694s7)
A(69697)

C(1l)=000

Cl2)=0425
C(3)=20450
Cla)=0e75
C(5)=1,00
Cl6)=1e50
C(7)=2400
GO TO 71

DO 20 J=1l

IF(C(JI=CD) 20919921

CONTINUVE
GO TO 21
M=

GO TO 100
M=zJ=1

N=J
DELT=C(N)
DIFFaCD=C
DELTA=DIF
DO 30 K=1
DO 30 L=l

P(KsL)=A(KsLoM)+(DELTA®(A(KsLIN)=A(KsLoM)))

CONTINUE
GO 10 71
DO 40 K=l
DO 40 L=}
P(KsL)=A(
CONTINUE
RETURN
END

026624
e«l2146
«01214
053248
¢38891
==q11898
x= 400429
= o24533
= 418468
z=406210
2 404662
x=qe(03871
= 409563
==,03416
= 400738
=we02992
= 405270
==q 00194
= e 00088
==ya01918
= 402998

7

=Ci(M)
(M)
F/DELT
6

26

26
»6
Kol oM)

NEQ2
NEOZ2
NEOQ2
NEOQZ2
NEOQ2
NEOZ2
NEO2
NEOZ2
NEO2
NEQ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEQ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEOQ2
NEG2
NEOZ2
NEO2
NEOZ2
NEQ2
NEO2
NEOQZ
NEOQ2
NEOQ2
NEO2
NEO2
NEO2
NEOZ2
NEO2
NEO2
NEO2
NEOQ2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEO2
NEC2
NEO2
NEOQ2
NEOZ
NEO2

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
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NnNON

SUBROUTINE ELLIPS (AKSQsTKeTE) NEO3 001

NEO3 002
SUBe ELLIPS ~= TABLE LOOK=UP OF ELLIPTIC INTEGRALS NEO3 003
NEQ3 004

DIMENSION CKK{(100)+CK(100) sCE(100) NEO3 005
COMMON MZ222Z NEO3 006
IF (MZZZ) 7341043 NEO3 007
CONT INUE NEO3 008
. NEO3 009

CKK = ARGUMENT OF ELLIPTIC INTEGRALS NEO3 010
NEO3 011

CKK( 1) = 0600 NEO3 012
CKkl 2) = 401 NEO3 013
CKK( 3) = 402 NEG3 Ol
CKK( 4) = 403 : NEO3 015
CKK( 5) = o404 NEO3 016
CKK( 6) = 405 NEO3 017
CKKU T) = 406 NEO3 018
CKK( B8) = 407 NEO3 019
CKK( 9) = 408 NEO3 020
CKK( 10) = 409 NEO3 021
CKK( 11) = 410 ‘ NEO3 022
CKKI 12) = 411 NEC3 023
CKK( 13) = 412 NEO3 024
CKK( 14) = 413 _ NEO3 025
CKK( 15) = 414 NEO3 026
CKKL 16) = 415 NEO3 027
CKK( 17) = 416 NEO3 028
CKK( 18) = 417 NEO3 029
CKK( 19) = 418 NEO3 030
CKK( 20) = o419 NEO3 031
CKK{ 21) = 420 NEO3 032
CKK( 22) = 421 NEO3 033
CKK( 23) = 422 NEO3 034
CKK( 24) = 423 NEO3 035
CKK( 25) = o264 NEO3 036
CKK( 26) = 425 NEG3 037
CKK( 27) = 26 NEO3 038
CKK( 28) = 427 NEO3 039
CKK( 29) = 428 NEO3 040
CKK( 30) = 29 NEO3 04l
CKK{ 31) = 430 NEO3 042
CKK( 32) = 431 NEO3 043
CKK( 33) = 432 NEO3 044
CKK( 34) = 433 NEO3 045
CKK( 35) = o34 NEO3 046
CKK( 36) = 435 NEO3 047
CKK( 37) = 436 NEQ3 048
CKK( 38) = 37 NEO3 049
CKK( 39) = 438 NEO3 050
CKK( 40) = 439 NEO3 051
CKK( 41) = 440 NEO3 052
CKK( 42) = o4l NEO3 053
CKK( 43) = 442 NEO3 054
CKK{ 44) =  o43 NEO3 055
CKK( 45) = o4 NEO3 056
CKK( 46) = o45 NEO3 057
CKK{ 47) = 446 NEO3 058
CKK( 48) =  o47 NEO3 059

47
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48

CKK ¢
CKK(

CKK(
KK
CKK(
CKK(
CKK (
CKK ¢
CKK{
KK (
CKK (
CKK
CKK (

‘CKK{

KK {
CKK (
CKK(
CKK {
CKK (
CKK(
CKK (
CKK{
CKK{
CKK ¢
CKK (
CKK
KK {
CKK (
CKK (
CKK (
CKK (
CKK{
CKK (
CKK{
CKK (
CKK(
CKK{
CKK
CKK
CKK(
CKK ¢
CKK
CKK(
CKK
CKK (
CKK
CKK (
CKK(
CKK{(
CKK(
CKK{
CKK (1

K

CK{
4 4
CK(
Xt

49)
501
51)
52)
53)
54)
551
56)
57)
58)
59}
60}
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
71)
72)
73)
14)
5)
76)
7
78)
79)
80)
81)
82)
83)
84)
85)
86)
87)
88)
89}
90)
91)
92)
93)
94 )
95)
96)
97)
98)
99)
00)

1)
2)
3)
&)

COMPLETE ELLIPTIC INTEGRALS OF FIRST KIND

048
49
+50
«51
052
53
54
¢55
e56
57
. e58
¢59
¢60
o661
062
063
064
¢65
066
67
068
e69
o70
eT1
e72
e73
o T4
75
e76
77
e78
o719
¢80
81
82
*83
«84
*85
¢86
e87
+88
«89
¢%0
091
92
¢93
94
095
096
097
«98
99

14570796
16574746
1578740
1582780

NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3

060
06l
062
063
064
065
066
067
068
069
070
o7l
072
073
074
075
076
077
078
079
080
$1-BY
082
083
084
085
086
087
088
o089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
11la
115
116
117
118



CK
Kt
K
<K
Kt
CK(
cK(
cKd
oKt
Kt
K¢
q 4t
q 4
CK
9 4
K
Kt
CK¢
o &
4 4
4 4
K¢
CKA(
(4 §
K
4 8
cK ¢
CKit(
4 4
4 q
¥ g
CK{(
cKi
CKA{
Kt
CK{(
19 4
4 g
CK i
CKt
4 4
aq
9 4
4 q
Kt
4 4
CKA
CK(
49
CK ¢
CK{
CK(
Kt
CK(
K
K (
9 4
q 4
CKH{

5)

6)

T)

8)

9}
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21}
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
amn
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
491}
50)
51)
52)
53)
54)
55)
56)
57)
581
59)
60)
61)
62)
63}

BN W R NN B H NN R RENE N B H NN RN NN NN R NR NN RN HNNR NN NN NE W HE NN R RN

1.586868
14591003

1595188
16599423
14603710
10608049
10612441
14616889
1621393
16625955
14630576
1635257
1640000
14644806
14649678
14654617
10659624
14664701
16669850
16675073
1.680373
14685750
16691208
14696749
14702374
14708087
le713889
1719785
1725776
164731865
1738055
le744351
1e750754
1757269
14763898
16770647
14777519
16784519
14791650
14798918
14806328
14813884
1.821593
14829460
1837491
1845694
14854075
le862641
14871400
1.,880361
1.889533
1898925
14908547
1¢918410
14928526
1.938908
16949568
14960521
14971783

NEO3
NEO3

NEO3
NEO3
NEOQ2J
NEO3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEQ3
NEO3
NEQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEQ3

119
120
121
122
123
124
125
126
127
128
129
130
131
132
123
134
135
136
137
138
139
140
lal
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
l62
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

49
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50

CK{ 64)
CK{ 65)
CKt 66)
CKt 67)
CK( 68)
CKl 69)
CK{ 70)
ke 71
cK( 72}
Kl 73)
CK( 74)
CK( 75)
CK{ 76}
e ™
CKi{ 78)
ke 79)
CKt 80}
Kt 81)
CK( 82)
CK( 83)
CKt 84)
CK{ 85)
CK( 86}
Kt 87}
CK( 88)
CK{ 89)
CK( 90)
CK( 91)
CK{ 92)
CK( 93)
CK{ 94)
CK( 95)
Kt 96)
Ck{ 97}
CK( 98)
cKt 99)
CK(100)

CE =

CE(t 1)
CeE( 21

CEC  3)

CE( &)

CEl 6)
CEC 7)
CEt 8)
CE( 9)
CE( 10)
CE( 11}
CE( 12)
CE( 13)
CE( 14)
CE( 15)
CE( 16)
CEC 17)
CE( 18)
CE( 19)

COMPLETE ELLIPTIC INTEGRALS OF SECOND KIND

HoHoH R BRH RN RN ER RN

1983371
14995303
24007598
2020279
20033369
2046894
24060882
24075363
24090373
20105948
20122132
24138970
20156516
24174827
24193971
20214022
24235068
20257205
20280549
20305232
20331409
20359264
20389016
20420933
2e455338
20492635
24533335
2578092
26627773
24683551
24747073
2820752
24908337
3.016112
34155875
3e354141
36695637

14570796
16566862
1e562913
16558948
1¢554969
14550973
16546963
14542936
1538893
14534833
16530758
16526665
16522555
1¢518428
1e¢514284
14510122
1.505942
14501743
14497526

NEO3
NEO3
NEO3
NEO3

NEO3

NEO3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO23
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236



CE(
CEel

CE(
CE(
CE(

20)
21}

22)
23)
24)
25)
26}
27}
28)
29)
30)
31)
32)
33)
34)
35)
36)
3
38)
39)
401}
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51}
52)
53)
54)
55)
561}
57)
58)
59)

- 60)

61)
62)
63)
64}
65)
66)
67)
68)
69)
70)
1)
72)
73)
T4)
75}
76}
T7)

78)

1493290

1489035
1484761
1480466
16476152
1e471818
10467462
1.463086
le458688
16454269
16449827
14445363
14440876
1e436366
1431832
le27274
16422691
1418083
1413450
1.408791
1404105
16399392
1394652
1.389883
1.385086
1380259
14375402
1.370515
1365596
14360645
14355661
16350644
1345592
14340505
14335382
1330223
1325024
1319788
1314511
1309192
1303832
1¢298428
16292979
14287484
16281942
16276350
16270707
1265013
16259263
1253458
14247595
1,241671
10235684
10229632
le223512
1217321
14211056
14204714
1198290

NEO3

\EO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO2
NEO3
NEO3
NEO3
NE03
NEO3
NEO3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3

 NEO3

NEO3
NEO3

237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
256
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

51



52

700

701
702

20

23

22

13
721

T20
30

CE( 79) = 1.191781
CE( 80) = 1,185183
CE( 81) = 14178490
CE( 82) = 14171697
CEl 83) = 14164798
CE( 84) = 14157787
CE( B5) = 14150656
CE( 86) = 14143396
CE( 87) = 14135998
CE( 88) = 1,128451
CE( 89) = 1.120742
CE( 90) = 1,112856
CE( 91) = 14104775
CE( 92) = 1,096478
CE( 93) = 1.,087938
CE( 94) = 1,079121
CE( 95) = 14069986
CE( 96) = 1,060474
CE( 97) = 1,050502
CE( 98) = 14039947
CE( 99) = 1,028595
CE(100) = 1,015994
GO TO 30
IF(AKSG=e99)20920021
PARA=0+25%(140~AKSQ)
TEST = 1.00E=07
IF(PARA=TEST)701+702+702
PARA=TEST

ZLP=ALOG (4+/PARA)

TKaZLP#0e5% (1 e+PARA)=PARA
TE=140+(ZLP*PARA)=PARA
GO 10 30

JA=100.0#AKSQ

JAnl+JA
IF(CKK(JA}=AKSQ) 22023922

TK=CK (JA)
TE=CE(JA)

GO TO 30

CON= { AKSQ=CKK(JA) )/ (CKK{JA+1)=CKK(JA))
TK=CK{JA)+CON* (CK(JA+1)=CK(JA))
TE=CE(JA)+CON®(CE(JA+1)=CE(JA))

GO TOo 30

IF(AKSQ=e01)721+7219720

PARA=425%#AKSQ
GO TO 700
AKSQ=1e=AKSQ

GO TO 20
CONTINUE

RETURN

END

NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEQ3
NEO3
NEOQ3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3
NEO3

296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
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SUBROUTINE LAMBDA (XPeZPsYP) NEO4 001

NEO&4 002

TABLE LOOK=UP OF HEUMAN LAMBDA FUNCTION NEO4 003
NEO4 004

DIMENSION Y(19519)eX(19)92(19) NEO4 005
COMMON MZ2Z NEO&4 006
IF (MZZ2Z) 20410420 NEO4 007
CONT INUE NEO&4 008
NEO4 009

X = ARCSIN K (DEGREES) NEO4 010
NEO4 011

Xt 1)= 0,000000 NEO4 012
Xt 2)= 5,000000 NEO4 013
X{ 3)= 10,000000 NEO4 Ol4
X{ 4)= 15,000000 NEO&4 015
Xt 5)= 20000000 NEOQO4 016
Xt 6)= 254000000 NEO4 017
X{ 7)= 30,000000 NEO&4 018
Xt 8)= 35,000000 NEO4 01%
Xt 9)= 40,000000 NEO4 020
X(10)= 45,000000 NEO4 021
X(1l1)= 50,000000 . NEO4 022
X(12)= 55,000000 NEO4 023
X(13)= 60,000000 NEO4&4 024
X(1l4)= 654000000 NEO4 028
X{15)= 704000000 . NEO4 026
X(16)= 75,000000 , NEO4 027
X(17)= 804000000 NEO&4 028
X(18)= 85,000000 NEO4 029
X(19)s 90,000000 NEO4 030
NEO4 031

Z = BEYA (DEGREES) NEO4 032
NEO& 033

Z( 1)Y= 0,000000 NEO&4 034
2t 2)=  5,000000 _ NEO4 035
Z({ 3)= 10,000000 : NEO&4 036
Z( 4)= 15.,000000 NEOQO4 037
2Z{ 5)= 20,000000 ' NEO4 038
2Z( 6)= 25,000000 NEO4 039
2t 7)= 30,000000 NEO& 040
Z( 8)= 35,000000 NEO& 041
2( 9)= 40,000000 NEOQO&4 042
2(10)= 45,000000 NEO&4 043
2(11)= 50,000000 NEO4 084
Z(12)= 55,000000 NEO4 045
2(13)= 60,000000 NEQ& 046
2(14)s 65,000000 NEO&4 047
2(15)= 70,000000 NEO&4 048
2(16)= 75,000000 NEO4 049
2(17)s 80,000000 NEO4 050
2(18)= 854000000 NEO4 051
2(19)= 90,000000 . NEO4 052
, NEO4 053

Y = HEUMAN LAMBDA FUNCTION NEO4 054
NEO4 055

Y{ 1y 1)= 0000000 NEO4 056
Y{ 1y 2)s «087156 NEO4 057
Y( 19 3)= ¢ 173648 NEO4 058
Yl 1y G)= 0258819 NEO4 059

53



54

ley S5)=
le 6)=
1, )=
ly 8)=
ly 9)=
1,10)=
le11)=
1,12)=
1913)=
ly14)=
1415)=
1el16)=
1,17)=
1+18)=
1419)=
29 1)=
2y 2)=
2y 3)=
29 4)=
29 5)=
2y 6)=
29 T)=
29 8)=
29 9)=
2+10)=
2s1l)=
2912)=
2913)=
2914)=
2+15)=
2916)=
2917)=
2+18)=
2919)=
3y 1=
3¢ 2)=
39y 3)=
3y 4)=
3y 5)=
3y 6)=
3y 7))
3y 8)=
3y 9)=
3,10)=
3s11)=
3912)=
3913)=
39l4)=
3915)=
3916)=
3417)=
3518)=
3,19)=
4y 1)=
4y 2)=
4y 3)=
b4y 4)=
4y 5)=
4y &)=

¢342020
0422618
+500000
¢573576
0642788
¢« 707107
e 766044
¢e819152
+866025%
+906308
6939693
0965926
¢984808
0996195
1000000
0000000
0086990
¢173318
«258327
e341370
0421815
0499050
0572487
0641567
¢ 705765
0764592
¢817600
«864388
¢904599
¢937930
0964135
¢983037
0994624
1000000
04000000
+086495
0172332
¢256858
¢339430
0419419
0496219
¢569244
¢637940
s 701786
2760298
«81303¢4
859602
«899660
0932934
0959244
+978597
e991511
1000000
04000000
«085677
¢170704
0254434
0336231
e415475

NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEOQ4
NEO4
NEQ4
NEO4
NEO4
NEO4
NEO4
NEO4
NEOQ4
NEOQ4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO4
NEO4
NEO4
NEQ4
NEO4
NEOQ&4
NEO4
NEO4
NEOQ4
NEO4
NEO4
NEO4
NEO4
NEO&L
NEOQ4
NEO4
NEO4
NEOQ4
NEO&4
NEO4
NEQ4
NEO&
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO4
NEQ4
NEQ4
NEO4
NEO4
NEO&

060
061
062
063
064
065
066
067
o068
069
070
071
072
073
074
075
076
077
078
079
080
o8l
082
083
084
085
o8é
087
o088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
106
105
106
107
108
109
110
111
112
113
114
115
116
117
118



by 7)=
4y 8)m

4y 9)=
4910) =
4911)=
4912)=
4413)=
4ell)=
4915)=
bLyelb)=
4417)=
4y18)=
H4y19)=
Se 1)=
S5y 2)=
Sy 3)=
S5y 4)=
59 S)=
5y &)=
5 T)s=
Sy 8=
59 9)=
5910)=
5¢11)=
5¢12)=
5¢13)s=
Sela)=
5¢15)=
5¢16)=
5017)=
5518)=
5¢19)=
69 1)=
6y 2)=
6y 3)=
6y H)=
6y 5)=
6y 6)=
6y T)=
6y 8)=
6y 9)=
6910)=
6911)=
6s912)®
6913)=
69l4)=
6915)=
6916)=
6917)=
6918)=
6919)=
Ty 1)=
Ty 2)=
Te 3)=
Te 4)=
Ty 8)=
Te 6)=
Te T)=
Ty 8)=

0491565
563926

0632010
¢695307
e753346
«805703
852010
+891969
0925384
«952226
«972787
+988015
14000000
04000000
¢ 084549
¢168458
0251092
«331827
e410054
- e485184
0556657
¢623939
0686540
0744012
¢795963
«842073
«882119
¢916018
0943918
0966343
0984410
1000000
04000000
« 083124
0165625
0246882
¢326288
¢403252
e 477203
¢547600
¢613936
e675748
0732623
e T84220
0830282
+870676
¢905441
e934867
0959607
0980779
1000000
04000000
¢081425
0162247
e241870
¢319707
2395191
467777
0536953

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

55



56

YU T 9)=
Y({ 7510)=
Y{ Tsll)=
Y{ 7912)=
Y( Tel3)s
Y{ Tsl4)s
Y{ Tel5)=
Y{ 7+l16)=
Y({ Te17)=
Y{ 7418)=
Y( 7919)=
Y{ 8y 1)=
Y( 8y 2)=
Y({ 8y 3)=
Y{ B8y 4)=
Y( 8y 8)=
Y{ 8y 6)=
Y{ 8y 7)=
Y( 8y B8)=
Yt 8y 9)=
Y({ 8510)=
Y({ 8sl1)=
Y( 8512)=
Y{ 8913)=
Y{ 8514)=
Y( B9l5)=
Y( B516)=
Y({ 8517)=
Y({ 8918)=
Y( 8519)=
Y( 99 1)=
Y( 9y 2)=
Y{ 99 3)=
Y{ 99 4)s=
Y{ 99 5)=
Y( 99 6)=
Y{ 99 T)=
Y({ 99 8)=
Y{ 99 9)=
Y{ 9910)=
Y{ 99ll)=
Y{ 9912)=
Y( 9913)=
Y( 9914)=
Y{ 9915)=
Y( 9916)=
Y( 9¢l7)=
Y({ 9518)=
Y{ 9,19)=
Y{10y 1)=
Y(10y 2)=
Y(10y 3)=
Y{10y 4)=
Y(10y S5)=
Y(10y 6)=
Y(10y 7)=
Y({10y 8)=
Y{10, 9)=
Y{10,10)=

0602244
0663225
e719533
¢770883
«817093
«858117
+894095
0925409
0952751
0977159
1000000
04000000
e079476
¢158377
0236134
0312192
386013
2457086
0524935
0589127
06492813
¢ 705094
e 756337
0802903
2844820
¢882297
e915757
0945873
+973573
1000000
0000000
¢077307
0154073
0229767
0303869
375880
¢ 445330
¢511786
¢574862
0634231
0689642
e 740932
¢788051
¢831085
e870277
¢906056
¢939042
0970039
1000000
04000000
0074953
0149408
0222878
0294884
0364976
0432729
¢497760
2559735
¢618381

NEOQ4
NEO4
NEO4
NEQ4
NEO4
NEQ4
NEO4
NEO4
NEO4
NEO4
NEO&4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4&
NEO4
NEO4
NEO4
NEQ4
NEO4
NEO4
NEC4
NEO4
NEO4
NEQ4
NEO4
NEO4
NEO4
NEO4
NEO4
NEOC4
NEO4
NEO4
NEO4
NEQ4
NEO&
NEO&
NEO4
NEO4
NEO4
NEO4

NEO4.

NEO4
NEO4
NEO4
NEO4
NEOQ4
NEO4
NEQ4
NEO4

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

202
203
204
205
206
207
208
209

210

211
212
213
214
215
216
217
218
219
220

222

223

224
225
226
227
228
229
230
231
232
233
234
235
236



Y{10ys11) =
Y(10s12})=
Y(10e13)=
Y{(10s1l4)=
Y(10¢165)=
Y{10416)=
Y(10s17) =
Y{10,18)=
Y(10919)=
Y(1ly 1) =
Y(lly 2)=
Y(11ls 3)=
Y(lly 4)=
Y11y 5)=
Y(lls 6)=
Y{lly 7=
Yi{lly 8)=
Yilly 9)=
Y(11910)=
Y({llell)=
Y(1le12)=
Y{ll913)=
Y(llsl4)s=
Y(11ls15)=
Y(11s16)=
Y(11ls17)=
Y(11,18)=
Y(11919)=
Y{(12y 1)=
Y{12y 2)=
Y(12¢ 3)=
Y(12y 4)=
Y12y 5)=
Y(12y 6)=
Y(12y T)=
Y{12s 8)=
Y(129 9)=
Y{12+10)=
Y(12911)=
Y(12¢12)=
Y{(12s13)=
Y{1l2¢1l4)=
Y{(12+15)=
Y(12416)=
Y(12417)=
Y(12,18)=
Y{12y19)=
Y(13y 1)=
Y(13,y 2)=
Y(13y 3)=
Y(13y 4)=
Y{13y 5)=
Y(13y 6)=
Y(13y T)=
Y{(13y 8)=
Y(13y 9)=
Y(13,10)=
Y(13s1l)s=
Y(13,12)=

0673501
e 724985
0772830
¢817155
e858217
¢896419
¢932311
0966576
1000000
0000000
0072455
0164464
¢215587
0285399
353500
0419519
0483125
¢544038
0602038
0656976
« 708785
e 757496
0803241
0846269
¢ 886942
0925731
0963204
14000000
04000000
2069861
0139334
0208034
0275597
0341676
e405958
0468167
0528076
2585512
2640369
0692612
0742291
0789537
0834576
«877717
0919353
0959944
14000000
0000000
0067226
e134126
¢200380
e265684
0329751
0392328
+453192
«e512167
0569122
¢623985
e 676745

NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO4
NEO4
NEO4
NEO4
NEO&
NEOQ&
NEO4
NEO&
NEQ&
NEQ4
NEO4
NEO4
NEO4
NEOA
NEOCG
NEO&
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO&
NEO&
NEOCA4
NEO&
NEO4
NEO4
NEO4
NEOC4
NEO4
NEO4
NEO&4
NEO4
NEO4
NEO4
NEO4
NEC4
NEO4
NEO4
NEO4
NEOC4
NEO4
NEO4
NEO4
NEO4
NEQG
NEO4

237
238
239
240
241
242
243
244
245
246
2417
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

267
268
269
270
271
272
273
274
275

277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

57



58

Y(13,413)=
Y(1l3,1l4)=
Y(13415)=
Y(13916)=
Y{l3,17)=
Y(13,18)=
Y(13419)=
Y{l4,y 1)=
Y(l4y 2)=
Y(l4y 3)=
Y{1l4y 4)=
Y(1l4y 5)=
Y{l4y 6)=
Y(l4y 7)=
Y{l4y 8)=
Y(l4y 9)=
Y(1l4,910)=
Y{l491ll)=
Y(l4912)=
Y{1l4913)=
Y(l4s14)=
Y{l4415})=
Y{l4916)=
Y(l4s17)=
Y(l4s18)=
Y(l4919)=
Y(15y 1)=
Y{15y 2)=
Y{(15y 3)=
Y(159 4)=
Y(15¢ 5)=
Y(15, 6)=
Y(15y 7)=
Y(154 81=
Y{159 9)=
Y{(15+10)=
Y(15911)=
Y{15412)=
Y(15913)=
Y(15414)=
Y(15915)=
Y(15916)=
Y(15,17)=
Y{15418)=
Y(15419)=
Y{16s 1l)=
Y(16y 2)=
Y(16y 3)=
Y(16y 4)=
Y{(16y 5)=
Y{l6y &)=
Y(16s 7)=
Y{16s 8)=
Y(16y 9)=
Y(16910)=
Y(1691ll)=
Y{16y12)=
Y{(16913)=
Y({169l4)=

e 727455
0776237
¢823283
eB868846
0913240
¢956826
1000000
0000000
0064614
«128968
¢192809
¢255897
«318009
0378946
0438541
0496661
0553214
+608153
¢661480
0713246
¢763552
e812552
¢860443
«907464
¢953885
14000000
04000000
0062100
¢124009
0185540
0246517
«306778
+366180
0424604
+481959
¢538183
0593247
0647159
¢699961
¢751731
¢802581
0852654
¢902119
¢951166
1000000
04000000
« 059779
e119433
¢178839
0237883
0296459
¢354475
e411857
e 468546
¢524506
0579721
0634200
«687972
e741089

NEO&4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO«
NEO4
NEO4
NEOQ4
NEO4
NEO4
NEO4
NEQ4
NEO4
NEO&
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEOQ4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO4
NEO4
NEQ4
NEO4
NEOC4
NEO4
NEO4
NEO4
NEO4
NEOC4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEO4
NEOs
NEOG
NEOQ4
NEO4
NEO4
NEO4
NEO4

296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
DY
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354



Y(16+15)=
Y{16s16)=
Y{16917)=
Y{l6,18)=
Y(16+19)=
Y{(17y 1)=
Y(17y 2)s=
Y(17s 3)=
Y17y &)=
Y{17y 5)=
Y(1Ts &)=
Y{17s 7)=
Y(17 8)=
Y(17y 9)=
Y{17+10)=
Y(17911)=
Y{17s12)=
Y(17+13)=
Y(179l4)=
Y(1l79+15)=
Y(1T7s16)=
Y(1T7917)=
Y(17918)=
Y(17+19})=
Y{(18y 1)=
Y(18y 2)=
Y(18y 3)=
Y{18s 4)=
Y(18, S)=
Y{18s 6)=
Y(18y 7)=
Y{18y 8)=
Y(18y 9)=
Y{18+10})=
Y{(18s11)=
Y(18s12})=
Y(18913)=
Y(18sl4)=
Y{18y915)=
Y(18s16)=
Y(18517)=
Y(18918)=
Y(18919)=
Y(19s 1)=
Y(19y 2)=
Y{19y 3)=
Y(19y 4)=
Y(19y 5)=
Y(19s 6)=
Y(19s T)=
Y(19s 8)=
Y{(19y 9)=
Y(19+10)=
Y{(19911l)=
Y{19e12)=
Y(19s13)=
Y{19914)=
Y{19915)=
Y(19s16)=

e 793624
0845669
e897332
0948733
1.000000
0000000
«057773
e115479
2173054
0230436
0287571
0344410
+400915
« 457055
0512813
0568181
623166
«677782
0732059
¢786036
¢839759
0893286
0946677
1000000
0000000
0056256
0112490
¢168682
0224814
0280867
«336826
0392679
W4b8417
¢504034
6559529
¢614903
¢670162
«e725315
« 780373
0835352
¢890270
¢945145
14000000
04000000
¢055556
¢111111
0166667
0222222
«277778
0333333
+388889
s 4hb444
«500000
e555556
e611111
0666667
0722222
777778
e833333

NEO4&
NEO4
NEOC&
NEO4
NEO4
NEO&
NEO4
NEO&
NEO4
NEO&
NEOQ4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO&
NEO4
NEO4
NEO4
NEO4
NEO4
NEO&
NEO&
NEO4
NEO#4
NEO4
NEO&
NEO&
NEOC4
NEO4
NEOQ4
NEOS
NEO4
NEO4
NEO&
NEO&
NEO4
NEOA
NEO4
NEO4&
NEO4
NEO&
NEOQ4
NEO4
NEO&
NEO4
NEO&
NEO&
NEO4
NEO4
NEO4
NEO&
NEO&
NEO4
NEO4
NEOA
NEO4
NEO4

355
356

357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
ars
376
317
378
379
380
381
g2
383
g4
385
386
387
388
389
390
391
392
393
394
395
396
397
398
299
400
401
402
403
404
405
406
407
408
409
410
411
412
413

59



20

90

60

Y(19+17)= »888889
Y{l9s+18)= 0944444

Y(19,19)= 1.000000

GO TO 90

DX = 5.0

DZ = 5,0

FNX=XP/DX

N=FNX

N=N+1

FNZ=ZP/DZ

M=FNZ

M=M+]

Cl=(2P=2(M))/DZ
C2=(XP=X{(N)) /DX
A=(Y(NsM+1)=Y(NsM))%C]l
Ba{Y(N+1sM)=Y(NsM)}#C2
D=aCLlu#C2%(Y(N+LsM+1)=Y(N+1oMI+Y(NsM)=Y(NsM+1))
YP=Y(NsM)+A+B+D
RETURN

END

"NEO4

NEOQ4
NEQ4
NEO4
NEO4
NEOQ4
NEO4
NEQ4
NEO4&
NEOQ4
NEO4
NEO4
NEO&

NEO4

NEO4
NEC4
NEQ4
NEO4
NEO&4
NEOC4
NEO4

414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
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700

SUBROUTINE HUB (CDeXRsXCBIELCBCoHIIRIXIRBIRRPIUIV)

CALCULATION OF VELOCITIES INDUCED BY THE CENTERBODY
#% CENTERBODY 1S REPRESENTED AS A RANKINE BODY #*»

DIMENSION X(25)9RB{25)sU(25)sVI(25)+FU(50)sFVIS50)sD(6)9DS(6)
COMMON MZZ2

FORMAT (///710X936HINPUT CENTERBODY DIMENSIONS IN ERROR///)

NEOS
NEOS
NEOS
NEOS
NEOS
NEOS5
NEOS
NEOS
NEOS

701 FORMAT (///10X+52HSUBROUTINE HUB UNABLE TO COMPUTE CENTERBODY GEOMNEOS

1

10

11

19
20

30

100

35

34

lETRY// /)

IF (MZ2ZZZ2) 34192
X1Z=(XR=XCB)/ELCBC

COMPUTE LOCATION OF POINT SOURCE

1F (X1Z=H) 10+10s11
NERR=1

ERROR MESSAGE
WRITE (64700)
RETURN
H2=H#H

X1Z2=X1Z#X]1Z
AzX1Z=H
DO 20 J=1920
AA=XTZ#H2#SQRT (A%A + H2)
AA=X1Z2=SQRT(AA)
AA=SQRT (AA)
DEL=ABS(AA=A}/AA _
IF (DEL=2001) 30430519
AxtAA+A) /20
CONTINUE

ERROR MESSAGE

WRITE (69701}

NERR=1

RETURN

A=zAA

EMVR( (XI22=ARA)I%%2)/ (Le®RXIZRA)
RETURN

IF (IR) 100+100+200

COMPUTE VELOCITIES INDUCED AT THE DUCT REFERENCE CYLINDER

W=0e5/CD/ELCBC

Nx==1R

DO 40 J=1sNX
X{uX(J)=XCB=XIZ#ELCBC
XI=X1/ELCBC

XPA=X1+A

XMA=X[=A
RXPA=SQRT [ XPA%®XPA 4+ WxW)
RXMA=SQRT ( XMA®XMA + WH*W)
RXPA3=RXPA®#%3
RXMA3=RXMA®®3

UlJ) =EMV* (XPA/RXPA3 = XMA/RXMA3)

NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEO5
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEGS
NEOS
NEOS5
NEOS
NEOS
NEOS
NEOS
NEOS5
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOQS
NEOS
NEOS
NEOS
NEOS5
NEOS
NEOS
NEOS
NEOS
NEOS
NEOQS
NEO5
NEOS

001
002
003
004
005
006
007
oos8
009
010
011
012
013
O0la
015
0lé
017
o018
ol9
020
021
022
023
024
025
026
027
028
029
030
031
032

034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059

6l
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NON

62

40

200

65

64

69

80

81

VIJI=EMY#WX(1e /RXPA3 = le/RXMA3)
CONTINUE

RETURN
COMPUTE INFLOW VELOCITIES

XI=XR=XCB~XIZ#ELCBC

XI=XI/ELCBC

DO 60 JslslIR
W=RB(J)#¢5/CD/ELCBC/RRP
XPA=XI+A

XMA=X[=A

RXPA=SQRT(XPARXPA + W#*W)
RXMA=SQRT ( XMA®XMA + WHW)
RXPA3=RXPA#*3

RXMA3=RXMA%#%3

UtJ) =EMVR (XPA/RXPA3 =~ XMA/RXMA3)
VI(J)=EMV%#W% (14 /RXPA3 = 1le4/RXMA3)
PSl=wW#W/2e = EMVX¥(XPA/RXPA ~ XMA/RXMA)
CONTINUE

RETURN

COMPUTE D(N} AND D=STAR(N)} FOURIER COEFFICIENTS

W=0e5/CD/7ELCBC

N=]R

CN=N

PI=341415926

DTH=PI/(CN=1s)

TH==DTH

DO 80 J=1sN

TH=TH+DTH

CSTH=COS(TH)
XG=0e5%(1e=CSTH)
X1=XG=XCB=XIZ*ELCBC
Xl=X1/ELCBC

XPA=X1+A

XMA=X1=A

RXPA=SQRT (XPA®XPA+W*W)
RXMA=SQRT ( XMA®XMA+W*W)
RXPA3I=RXPA*#*3

RXMA3zRXMA#®#3

FU(J)=EMV* (XPA/RXPA3~XMA/RXMA3)
FVIJ)=EMVRWH*(1le/RXPA3=1¢ /RXMA3)
CONT INUE

NOUT=6

CALL FOURCS (FUsFUININOUT»0)
CALL FOURCS (FVsFVININOUT»0)
DO 81 J=1,NOUT

D(J)=FV(J)
DS(J)=FU(J)
utJl=Dsty)
ViJi=D(J)
RETURN

END

NEOS
NEOS
NEOS5
NEOS5
NEOS
NEOS5
NEO5
NEOS
NEOS
NEOS5
NEOS
NEOS
NEOQS
NEOS
NEOS
NEOS
NEOS
NEOS5
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEO5
NEOS
NEOS
NEQS
NEOS
NEOS5
NEOS5
NEOQS
NEOS
NEOS
NEOCS
NEOS5
NEOS
NEOS
NEGCS
NEOS
NEOS
NEOS
NEOS
NEOS
NEOS
NEQS
NEOS
NEOS5
NEOS
NEOS
NEOS
NEOS
NEOS

060
061l
062
063
064
065
066
067
068
069
070
o7l
072
073
074
075
076
077
078
079
o080
o8l
o082
083
084
085
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SUBROUTINE CAMBER (CDsTCHeRP)
SUBROUTINE TO COMPUTE INDUCED CAMBER COEFFICIENTS
DIMENSION CDRATI(5)sDCD(495)9RP(4)

DATA CDRAT/06090¢259045090e4759100/

DATA (DCD(19J)9J=195)/04050e0014990600316+040050590400696/
DATA (DCD(29J) 9J=195)/00090¢10897900222369043341490¢43940/
DATA (DCD{(39J)9J=19517/04090e03558+0072239041102290414928/
DATA (DCD(69J)9J2195)/0e09=04002039=04005399=0400948+-001375/

DO 2 J=1s5

N=J

IF {(CDRAT(J)=CD) 24394

CONT INUE

MxN=1

DEL=CDRAT (N)=CDRAT (M)
DIF=CD~CDRAT (M)

DELTA=DIF/DEL

DO 10 K=1»s4 .
RPIK)=DCD(K9M) + DELTA#(DCD(KsN}=DCD(KoM))
CONT INUE

GO TO 20

M=N

DO 6 K=ls4

RP(K)=DCD(K M)

DO 21 K=1ls4

RP(K)=RP(K)*TC

RETURN

END

NEO6
NEO6
NEOS
NEOQ6
NEOG

NEO6 -

NEQ6
NEO6
NEOS
NEO6
NEO6
NEQ&
NEO6
NEO6
NEOS
NEOS6
NEO®
NEOQ6
NEQS
NEOQ6
NEO6
NEO6
NEO6
NEO6
NEO6
NEO6
NEOS
NEO6
NEQ6
NEQ6
NEO6

001
002

003

005
006
007
008
009
ol0
011
012
013
0l4
015
016
017
0ls
ol9
020

022
023
024
025
026
027
028
029
030
031

63
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64

20
21

22

30
32

31
33

39

40

1

SUBROUT INE PROP (NZPsRBsBRsBTAs TCBLD sRRPyRCBRPINZsRA)

SUBROUTINE TO COMPUTE PROPELLER GEOMETRY PARAMETERS

NEO7
NEQ7
NEOT

'NEOQ7

DIMENSION RB(25)sBR(25)+TCBLD(25)sX(25)9Y(25)92(25)922(25}9BTA{25INEQT

sRA(25)

P=RCBRP#RCBRP

D=le=P

X{1)=RCBRP

INaNZ

MZaNZ+1

DO 20 J=2¢M2

Kz =]

AK=K

E=AK/ZN#D+P

X(J)=SQRT (E)

DO 21 U=1¢NZ
RA(JI=X(J+]1)
X{1)=({RCBRP+RA(1)) /240
DO 22 U=2NZ
X(J)={RA(JI+RAlI=1))/240
K=]

RBINZP+1)=RB(NZP)
BRINZP+1)=BRINZP)
BTAINZP+1)=BTA(NZP)
TCBLD(NZP+1)=TCBLD(NZP)
DO 39 JU=lsN2Z

IF (RB(K)=X{J)) 31932433
Y{(J)=BR(K)

Z(J)=BTALK)
221J)y=TCBLD(K)

GO TO 39

K=K+1

GO TO 30
DEL=X(J)=RB(K=1)
DELsDEL/(RB(K)=RB{(K=1))
Y{J)=DEL®*(BR{K)=BR{K=1))
Y(J)=Y(J)+BR(K=1)

2(J)=DEL#(BTA(K)=BTA(K=~1))

Z(J)=Z(J)+BTA(K=1)

ZZ(J)=DEL*(TCBLD(K)=TCBLD(K~1))

22(J)=22(J)+TCBLD(K=1)
CONT INUE

DO 40 J=19NZ
RB{JY=X(J)

BR{J) =Y (J)

BTA(J)=2(J)
TCBLO(J)=22(J)

CONT INVE

RETURN

END

NEO7
NEO7
NEO7
NEO7
NEO7
NEO7
NEO7
NEO7
NEO7
NEO7
NEOQ7
NEQ7
NEQ7
NEO?7
NEO7
NEO7
NEO7
NEO?7
NEO7
NEO7
NEOQ7
NEO7
NEO?7
NEQT
NEO7
NEO7
NEO7
NEQ7
NEO7
NEO7
NEO7
NEOQ7
NEOQ7
NEO7
NEOQ7
NEO7
NEGT
NEOQ7
NEO7
NEO7
NEO7
NEO7
NEO7
NEOT7
NEO7
NEO7
NEO7

001l
002
003
004
005
006
007
o008
009
010
0ll
012
013
Ola
015
olé
017
o18
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
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N NO

101

19

21

22
23

25

26

SUBROUTINE CLALF (J)

COMPUTATION OF BLADE SECTION LIFT COEFFICIENT

DIMENSION TCB(10)sCLMX(10)

DIMENSION B(6)9BS(6)9SA(6)9SAS(6)sP(646)

DIMENSION RB(ZS)'BR(ZS)QBTA(25)9TCBLD(25)oRA(ZS)’XPRES(ZS)OPHX(5)
DIMENSION ALPHA(25) 9STALL(25)sJSTLI(25)sTALK(20}

COMMON MZZ2ZsCDsROIR1IR29R3I9PI9sBsBS9SASASHP

NEOB
NEOS
NEOS
NEOS
NEOS
NEOS
NEOSB
NEOS8
NEOS
NEOB
NEOB

COMMON/NEARY1/ NRUNsNBLDsNZsMZyNPRES s IRSNTIME +sNERR9yNPAGINPHI sNPRINTNEOS

COMMON/NEAR3/ RRPsXP9Z+BLDsRBeBRBTASTCBLDsTCHRCBRP2»APASALF 9 XPRESINEOS
1 RAsXCBsXRIELCBCIRMAXIPHI yCORJsCORCB NEOS8
COMMON/NEARS/ ARJIARJPIEPSIRADICLIALPHAPSTALL s JSTL»TALK NEOS
NEOS8

FORMAT (///////77/70H THE BLADE THICKNESS=TO=CHORD RATIO IS OUTNEOS
1SIDE THE RANGE 0Q¢0 TO o34) NEOS
IF (MZZZ) 29192 NEOS
CONTINUE NEOS
NEOS8

TABLE OF VALUES OF CLMAX VERSUS BLADE THICKNESS=TQO=CHORD RATIO NEOS8
: NEOS

TCB{(1)=060 NEOQOS8
TCB(2)=406 NEOS
TCB(3)=,08 NEOQOS8
TCBl4)=610 NEOS
TCB(5)=el12 NEOSB
TCB(6)=3e15 NEOS
TCB(7)1=.18 NEOS
TCB(81=421 NEOS
TCB(9) =424 NEOS8
TCB(10)=e34 NECS
NEOS8

CLMX{1)=0s9 NEOSB
CLMX(2)=049 NEGS8
CLMX(3)=1e2 NEOS8
CLMX(4)=1e45 NEOS8
CLMX(5)xl46 NEOS
CLMX(6)=145 NEOS
CLMX(T)=21435 NEOS
CLMX(8)=1le3 NEOS
CLMX{9)=1425 NEQS8’
CLMX(10)=141 NEOQOS
RETURN NEOS
NEOS

CONTINUE NEOSB
1F {TCB(10)=TCBLD(J)) 21+20+20 NEOSB
IF (TCB(1)=TCBLD(J)) 22922421 NEOB
WRITE (69101) NEOSB
NERR=1 NEOS8
RETURN NEOB
N=1 NEOS
IF (TCBI(N)=TCBLDI(J)) 24425926 NEOS
Nz=N+1 NEOS
GO TO 23 NEOS
CLMAX=CLMX(N) NEOS8
GO TO 27 NEOSB
DEL=(TCBLD(J)=TCBIN=1))/(TCBIN)=TCB{(N=11}) NEOS

001
002
003
004
005
006
007
008
o9
0l0
0l1
012
013
0l4
015
Ole
017
018
019
020
0zl
022
023
024
025
026
027
028
029

031
032
033
Q34
035
Q36
037
038
039
040
041
042
043
044
Qas
046
047
Q48
049
050
051
052
053
054
055
056
057
058
059

65



27
28
30

29

66

CLMAX=CLMX(N=1)+DEL® (CLMX(N)=CLMX(N=1))

CONTINUE

CL32.,#PI#ALPHA({J) /RAD

STALL(J)=040
IF (CL=CLMAX)
CL=CLMAX
STALL(J)=]140
CONTINUE
RETURN

END

299305930

NEOB
NEOS
NEOS
NEOSB
NEOS
NEQS
NEOS
NEOSB
NEOSB
NEOS

060
061
062
063
064
065
066
067
068
069
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SUBROUT INE ARCSIN(ARGsPHI » INDEX)

SUBROUTINE FOR COMPUTING ARC SINE

ARG 1S THE SINE OF THE ANGLEs

PHI 1S THE ANGLE (PRINCIPAL VALUEs =PI/2 TO PI/2)}
OUTPUT FROM SUBROUTINE.

INDEX IS 1 IF ANGLE IS TO BE IN RADIANSe

INDEX IS O IF ANGLE 1S TO BE IN DEGREESe

HPI=1e5707963
AnleO0=ARG#ARG

IF (A) 59291

IF (ARG) 49343

PHI=HPI

GO TO 6

PHIz==HPI

GO TO 6

PHI=ATAN (ARG/SQRT (A)}
GO TO 6

WRITE (6+100)
FORMAT(/5X30HERROR e e SIN X GREATER THAN 140//)
GO TO 2

IF(INDEX) 79748
PHI=90s#PHI/HPI

RETURN

END

NEOS
NEOQ9
NEO9
NEO9
NEQY
NEO9
NEOS
NEQ9
NEOS
NEOQ9
NEOS
NEQ9
NEO9
NEQ9
NEO9
NEO9
NEOS
NEO9
NEO9
NEO9
NEO9
NEO9
NEOS
NEO9
NEQ9
NEQ9
NEQO9
NEOQS

001
002
003
004
005
006
007
008
009
olo0
011
12
013
Ols
015
01é
017
ols8
0l9
020
021
022
023
024
025
026
027
028

67
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15
16
14
18

17

20
19

22
21

68

SUBROUTINE MATRIX (AsNR)
DIMENSION A( 69 7)9sB(19+19)eN(12)
NC=NR+1

DO 1 J=1sNR

N(J)=0

DO 2 I=14sNR

CON=0,0

II=]l=~1

DO 3 Js=1sNR

JinJe]

IF (11) 444,45

DO 6 K=l

IF (J=N(K)) 6+3+6
CONTINUE

CONA=A(Jsl)

IF (CONA) 89949
CONA=2=CONA

IF (CONA=CON) 343511
CON=CONA

Nil)=J

CONTINUE

IF{CON) 50096004500
WRITE (6+601) 1
FORMAT(13H SINGULARs 1=913)
STOP

NN=N(I)

DO 12 J=leNR
AlJINC)=0,40
A(NNINC)=1,0
DIV=A(NNs1l)}

DO 13 L=1yNC
A(NNsL)=A(NNsL)/DIV
DO 14 L=1sNR

IF (L=NN) 15914915
CMULTsA(L»L)

DO 16 J=1lsNC :
AlLosJ)zA{LoJ ) =CMULT#A(NNJ)
CONTINUE ‘

DO 17 L=1sNR

DO 18 J=1sNR
AlLsJ)i=A(LyJ+]1)
CONTINUE ’
CONTINUE

DO 19 J=1sNR

DO 20 L=1sNR

NNzN(J)
B(JoL)=A{NN»sL)
CONTINUE

DO 21 J=]lsNR

DO 22 L=x=]loNR

NN=N{J)
ACLINN)=B(LsJ)
CONTINUE

RETURN

END

NE1O
NE1lO
NE1O
NElO
NELlO
NE1O
NE1O
NE1O
NEL1O
NElO
NE1O
NE1O
NE1O
NE1O
NElO
NElQ
NE1O
NE10O
NE1O
NELO
NE1lO
NE10O
NE1lO
NE1O
NE10O
NE10
NEL1O
NE1OQ
NE10O
NE1O
NElOC
NE1O
NEL1O
NE1O
NEL1O
NElO
NElO
NE1O
NE1O
NElO
NEL1O
NElO
NE1lO
NEL1O
NELlO
NE1O
NE1O
NELlO
NE1O
NE1O
NEL1O
NE1O
NE1O
NE1O
NElQ

001
002
003
004
005
006
007
008
009
0l0
01l1
ol
013
Ql4
015
olé
017
ols
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
04a
045
046
047
048
049
050
051
052
053
054
055



[aXaXa¥aXal

SUBROUTINE FOURCS (FsBsNsNOUT oNPRINT) NE1ll 00l

NEL11l 002

SUBes FOURCS == FOURIER COSINE SERIES DETERMINATION NE11l 003
FROM RALSTON AND WILF == MATHe METHODS FOR OIGITAL COMPUTERS NE1l 004
CHAPTe 24 BY Ge GOERTZEL NEll 005

: NE1l 006

DIMENSION F(50)sFF(50)4B(50) NE1l 007
COMMON MZZ2Z NE11l 008

700 FORMAT (1H /) NE11l 009
701 FORMAT (4E15e7) NE11l 010
702 FORMAT(5XS5HTHETA6X1O0HFOURIER FN6X11HORIGINAL FN&4X12HFOURIER COEF/INE1l 011
Pl=3,1415927 NE1ll 012
IF(NOUT=N)10910011 NE11 013

11 NOUT=N NE1l Ol4
10 ZRO=GC. NE1l 015
ONE=140 NEL1l 016
TWO=240 NEll 017
12RO=0 ' NE1l 018
IONE=] : NEll 019
ITwo=2 NE1l1l 020
HPI=15707963 NE1l 021
NHaN NE1l1l 022

NS= 1 TWO*(NH=1ONE) NE11l 023
FNS=NS NE1l1l 024
FRasTWO/FNS NE11l 025
PIN=P [ #FR NE1l 026

DO 201 I=1yNH NE11l o027
CJ=]~IONE NE1l1l o028
CSI=COS (PIN#CJ) NE1ll 029
CCSI=CSI+CS] NE11 030
CA=2ZRO . NE11l 031
CBsZRO NE1ll 032

DO 202 JU=24NS NE1ll 0323
JK=NS=J+1TWO NE1ll 034
IF(JK=NH) 22092209221 NE11 035

221 JK=]TWORNH=JK ) NE1l 036
220 CC=F (JUK)I+CA*CCSI=CB NE1l 037
CB=CA NE11 038

202 CA=CC NE11l 039
FF(I)=FR®(F(1)+CA®CSI~CB) NE11l 040
IF(I=IONE) 2909291290 NE11 041

291 FF(I)=FF(1)/TWO NE1ll 042
290 JN=NS=l=]1+]IONE NE11l 043
IF(JN) 20342049204 NE1l Q44

203 FF(I)=FF{1)/TWO NE1l 045
204 CONTINUE NE1ll 046
201 CONTINUE NE11l 047
IF (NPRINT=1)2+697 NE1ll 048

6 M=N NE1l 049
GO TO 1 NE1l 050

T M=NOUT NE11l 051

1 CN=N NEll 052
WRITE (65700) NE1l 053
WRITE (65702) NE1l 054
DTH=PI/(CN=1e0) NEL1Ll 055
THe=DTH NE1l 056

DO 3 I=lsN ) , NE1ll 057
THaTH+DTH NEL11l 058
SUM=060 NE11l 059

69
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DO 4 J=)lsM

Cinj=]

SUM=SUM+ FF(J)*#COS (CJ*TH)

WRITE (697013 THe SUMMF(I)e FF(I)
DO 8 K=1sNOUT

B(K)=FF{K)

RETURN

END

NE11l
NEll
NE11l
NE1ll
NE1ll
NE11l
NEl1l
NELL

060
o061
062
063
064
065
066
067
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SUBROUTINE SRCRNG (CDsXSCeTCHNRPIRPIUQD) NEL1l2 001

NE12 002
VELOCITY INDUCED BY DISTRIBUTION OF SOURCE RINGS NE12 003

NE1l2 004

DIMENSION TH(205)+QD(205)sDI(3)sA(6) sRP(25)sUGD(25) NE12 005
COMMON MZ NEl2 006
Pl=3,1415926 NE12 007
AlL)=TC* 2,969 NEl2 008
A(2)==TC#1426 NE12 009
A(3)=2=TC#3,516 NE12 010
A(4)=TC® 2,843 NEl2 011
A(5)==TC#1,015 NE12 012

0Q =200 NE1l2 013
DT1=2004 NEl2 014

14 DT=P1/0Q . NE12 015
XSaXSC=e5 NE1l2 016
N=DQ NE12 017
NM=N NE1l2 018
N=N+1 NE12 019
KeN+4 NE12 020

DO 15 J=14K NE1l2 021
TH(J) =0, NE12 022

15 QD(J) =0, NEl2 023
DO 19 J=2,N NE12 024
TH(J) =TH(J=1)+DT NE12 025
120 T=TH(J) NE12 026
ST=SIN (T) NEl2 027
SN2=SIN (T/24} NEl2 028
QD{JI =A(1)/20/5N2 NE12 029
DO 18 I=245 NE12 030
IN=I=1 NE12 031
ENsIN NE12 032
INX=IN+IN=2 NE12 033
ENX*INX NE12 024
QD(J) =QD(J)+EN#ALT ) # L SN2##ENX) NE12 035

18 CONTINUE NE12 036
QD(J)=QD(J)#ST NE12 037

19 CONTINUE NE12 038
THIN+1)=PT+1e NEl12 039
QD(N+1)=QD(N) NE12 040

22 QD(1)=A(1) NE12 041
TH(1) =0, NE12 Q42

31 DTP=P[/DTI NE12 043
TP=0, NE12 044
H=DTP/34 NE12 065
Ul=0e NEL2 046
CST=2,%X$ NE12 047
CST2=CSTHCST NE12 048

40 DO 69 JUR=)L4NRP NE12 049
RaRP ( JR) NE12 050

50 K=1 NEl2Z 051
NT=1 NE12 052

51 DO 60 J=Ks3 NEl2 053
CTP=COS (TP) NE12 054
ZWP=CD#(CTP=CST) NEl2 055
PP=(ZWPHZWP)+((R+1e )% (R+1e)) NEl2 056
PM= (ZWP#ZWP )+ ( (R=14 ) #(R=14)) NE12 057
AK2=4 ¢ #R/PP NE12 058
CALL ELLIPS (AK2+ZKsZE) NE12 059

71



52
53

54

55
56
60

61

69

72

PP=SQRT (PP)
U=ZWP*ZE/PP/PM
IF(TP=TH(NT))55954453
NTaNT+1

GO TO 52

Q=QD(NT)

GO TO 56

Q=QD (NT=1 )+ (TP=TH(NT=1) ) #(QDINT)=QD(NT=1) ) /{TH(NT)=TH(NT=1))
DI(J)=Qny

TP=TP+DTP

K=2
UI=UT+H®(DI(1)+44%DI(2)+D1(3))
DI(1)=DI(3)
IF(TP=P)151+51461
UvsUI#»CD/PI]
UQD(JR)=yVv

TP=0,

Ul=0,

CONTINUE

RETURN

END

NE12
NE12
NEl2
NEl2
NEl2
NE1l2
NEl2
NEl2
NE12
NE12
NElZ2
NEl2
NEl2
NELl2
NEl2
NEl2
NEl2
NEl2
NEL2
NEl2
NEl2

060
o6l

062
063
064
065
066
067
068
069
Q70
071
072
073
074
Q75
076
077
078
079
080



NnNN

13

12

120

19

22
31

10

11

SUBROUTINE VTXRNG (CDeXSCoIRIRPICNIUGIXPRESHP)
VELOCITY INDUCED BY DISTRIBUTION OF VORTEX RINGS

DIMENSION TH(205)sGD(205)sDI(3)sRP{25)9UG(25)sCN(6) s XPRES(25]
DIMENSION FU(50)19FVI50)eCPLE)9P(646)

COMMON MZ22Z

CO=CN(1l)
Cl=CN(2)
C2=CN(3)
C3sCN(4)
C4=CN(5)
C5aCNl6)

SET UP A TABLE OF GAMMA D/GAMMA # SIN(THETA) VERSUS THETA

DG=100.
DTI=200.
P1=23,1415926
DT=P1/DG
N=DG

NM=N

N=N+1

KaN+4

DO 12 J=lK
TH{J) =0,
ST=0,0

GD(J) =0

DO 19 J=2sN
TH(J)sTH{ J=1)+DT
T=TH{J)
CT=COS (T/2e)

CT=CT/SIN (T/26)

A=CO#CT

ST=SIN (T)
B8=C1lST
CaC2#SIN (2%T)
D=C3#SIN (34#7T)
ExC4#SIN (4e%T)
FaCO%SIN (5e#T)
GD{J) =A+B+C+D+E+F
GD{J)=GD(J)I#ST
CONTINUE
THIN+1)=Pl4+1le
GDI(N+1)=GD(N)
GD{1)=2+%C0
TH(1)=04
DTP=PL/DTI
TP=0,

HaDTP/3,

Ul=0.

1IF (MZZ2Z) 2004910910
IF (IR) 70411911

XSsXS5C=¢5
CSTm=2 ¢ #X$

NE13
NE13
NE13
NEL13
NEL13
NEL13
NE13
NE1l3
NE13
NEL13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NEL13
NE13
NE13
NE13
NE13
NEL13
NE13
NEL13
NE1l3
NELl3
NE13
NEL13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NEl13
NE13
NE13
NE13
NE13
NE13

‘NE13

NEL13
NE13
NE13

001l
002
003
004
005
006
007
008
c09
010
011
012
013
0l4
015
olé
017
ols
019
020
021
022
023
024
025
026
627
028
029

031
032
033
034
035
036
037
038

039

040
041
042
043
O4h
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059

73
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74

40
50
51

52
53

54
55

60

61

69

70

77

CST2=CSTHCST
COMPUTE INFLOW VELOCITIES

DO 69 JR=141IR

R=RP ( JR)

K=1

NT=1

DO 60 J=Ks3
STPaSIN (TP)
CTP=COS (TP)
CTP2=CTP®CTP

X2nCST2=(2#CSTRCTP)+CTP2
X2=X2#CD#*CD

PPaX24( (R+le)®*(R+1e))
PM=X2+((R=1s)#(R=1,4))
AK2=4 4 %R/PP

CALL ELLIPS (AK2sZKsZE)
PMu2 ¢#(R=14})/PM
PP=l4/SQRT (PP)
UnZK=ZE#(1s+PM)

U=y*PP

IF{TP=THINT) 155954453
NT=NT+1

GO TO 52

G=GD (NT)

GO TO 56

G=GD(NT=L1)+(TP=THINT=1) ) #(GD{(NT)=GDINT=1) ) /(THINT)=TH(NT=1))

DI(J)=Gay
TP=TP+DTP
K=2

UIsUT+H# (DI (1) +4«*D1(21+D1(3))

DI(1)=D]1(3)
IF(TP=PI)51951961
UG(JR)=2CD/2e/PI%U1]
TP=0,

Ul=0,

CONT INUE

GO TO 999

COMPUTE VELOCITIES INDUCED AT THE DUCT REFERENCE CYLINDER

IR==IR

DO 99 JR=19IR
X=XPRES(JR)

K=l

NT=]

XSmXw o5

CSTm=24#XS

CST2=CST#CST

DO 71 U=Ke3

CTP=COS (TP)
CTP2=CTPRLTP
X2xCST2=(24#CSTHCTP)+CTP2
X2=X2#CD*CD

PRPax2+4 e

AK2=44/PP

CALL ELLIPS (AK292KsZE)
PPale¢/SQRT (PP}

NE13
NE13
NE13
NE13
NE13
NEL13
NE13
NE13
NE13
NE13
NE13
NE13
NEL13
NE13
NELl3
NE13
NE13
NE13
NEL1l3
NE13
NEL13
NE13
NEL13
NE13
NE13
NE13
NELl3
NE13
NE13

NE13.

NEl3
NE13
NE1l3
NEL13
NEL13
NE13
NEl3
NE13
NEL1l3
NEL13
NE13
NE1l3
NEL13
NEL13
NEL13
NEL13
NE13
NE1l3

‘NEL3

NE13
NE13
NELl3
NE13
NELl3
NE13
NE13
NEL1l3
NE13
NE13

060
o6l
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076



NNN

72
713

" T4
75

71

78

99

200

210

211

213
212

215

207

Uz (ZK=2E)#pPP

IF (TP=THINT)) 75474473
NTaNT+1

GO TO 72

G=GD (NT)

GO TO 76

G'GD(NT-I)+(TP-TH(NT-1))*(GD(NT)-GD(NT-I))/(TH(NT)-TH(NT'I))

DI(J)=GHU
TPaTP+DTP
K=2

UIsUI+H®(DI(1)}+4e#D1(2)4+DI[(3})

DI(1)aDI(3)

IF (TP=Pl) 77477978
UG(JR)}=CD/24/P 12yl
TP=0,

Ul=0,

CONTINUE

GO TO 999

COMPUTE F(N) AND F=STAR(N)} FOURIER COEFFICIENTS

MZ2=MZ4Z

M2ZZ2=]

DO 210 J=l46

CP(J)=040

DUM=(0,40

DO 211 L=146

DUM=DUM + CN(L)I*P(1l,yL)
CPL1)=(CN(1)=DUM)/2,0
DO 212 K=246

DO 213 L=)ls6
CPIK}=CP(K) + CN(L)*P (KoL)
CPIKI=(CP(K)=CN(K}) /240
N=IR

EN=N

DTA=P]/(EN=ls)

TA==DTA

DO 220 JR=1sN

TA=TA+DTA

CSTAsCOS(TA)
CSTA2sCSTARCSTA

DUM=0,40

DO 215 K=296

J=K=1

TJdad
DUM=DUM+CP (K ) #COS(TJ*#TA)
FVIJR)=CP({1)+DUM

K=1

NT=1

DO 201 J=K3
CTP=COS(TP)
CTP2=CTPH*#CTP
X22CSTA2= (2. #CSTARCTP)I+CTP2
X2=X2#CD*CD

PP=X2+440

AK2=44 /PP

CALL ELLIPS (AK2+ZKsZE)
PP=14¢/SQRT{(PP)
U=(ZK=ZE)*pPP

NE13
NE1l3
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE1l3
NE13
NE13
NE13
NE1l3
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE1l3
NE13
NEl13
NE13
NE13
NE13
NE13
NE1l3
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NEL13
NEL13
NEL13
NE13
NE13
NE13
NEL13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NE1l3
NEL13
NE13
NE13

119
120

121
122
123
124
125
126
127

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

159
160
161
162
163
164
165
166
167
168
169
170
i
172
173
174
175
176
177

75



76

202
203

204
205

206
201

208

220

216

999

IF (TP=THI(NT)) 20552044203
NT=NT+1

GO TO 202

G=GD(NT)

GO TO 206

G=GD(NT=1) 4+ (TP=TH(NT=1) ) #(GD(NT)=GD(NT=1) ) /{TH(NT)=TH(NT=1})
DI(J) =Gy

TPsTP+DTP

K=2
UIsUTI+H®(DI(1)+44%#DI(2)+DI(3))
DI(1)=DI(3)

IF (TP=PI) 20792074208
FU(JR)I=CD/2+/PInU]

TP=0,40

VUI=0,0

CONTINUE

NOUT=6

NPR=Q

CALL FOURCS (FUsFUSNINOUT sNPR)
DO 216 J=1+6

UGLJ)=FU(J)

UGL{J+6)=CP(J)

MZZZaMZZ

RETURN
END

NE13
NEL13

NE13
NEL13
NE13
NE13
NEl3
NE13
NE13
NE13
NE13
NE1l3
NE13
NE13
NE13
NE13
NE13
NE13
NE13
NEL13
NEL13
NE13
NE13
NE13
NE13
NE13

178
179

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
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10

12

13

SUBROUTINE ALFRNG (CDsIR#SCrUGAXPRES)
AXIAL VELOCITY INDUCED BY A DISTRIBUTION OF ALPHA VORTEX RINGS

DIMENSION TH(205)9GA(205)sDI(3) s XPRES(25)+SC(6)2UGAL25195T(6)
DIMENSION TCDU(T)sTSC(6s7)
DIMENSION GS(6)9F(50)sHF(6)9FH(50)9DVT(3)

COMMON MZ22Z

DATA TCD/ 0e9065+0e7591609165902¢0+540/

DATA (TSC{I91)91=196)716790e90090e900904/

DATA (TSC(192)91=196)/1e09789=0e623829=06017590090690¢/

DATA (TSC(I193)e1=196)/06929=06345+=06042900906904/

DATA (TSC(I94)91=196)1/0e79559=0e41519=04068030090490e/

DATA (TSC(I95)s1=196)/0056119=0648349=0612309=06012190069Q4/

DATA (TSC(136)91=196)/0656409=0650459=04616669=06031790¢0035+0¢/
DATA (TSC(I97)91=196)/0e35669=0645909=0626073=0e12469=0e04944304/

IF (MZZZ) 29192
CONTINUE

COMPUTE SCIN) COEFFICIENTS

DO 11 J=1,7

JSC=J

IF (CO=TCD(J)) 493911

CONTINUE

DO 5 N=1+6

SCINI=TSCIN»JSC)

GO TO 10

IF (JSC=1) 64697

RETURN
DELSC=(TCD(JISCI=TCD(JSC=1) )/ (TCD(JISCI=CD)
J=JSC

DO 8 N=ls6
SCINI=(TSC(NsJ=11=TSCI{NsJI)I/DELSC + TSCIN»J)

SET UP A TABLE OF GAMMA ALPHMA/V#SIN(THETA) VERSUS THETA

P1=2341415926

0G=200.

DT=P1/DG

K=201

DO 12 J=14K

TH(J)=0e0

GA(J) =040

DO 20 J=2sK
TH(J)=TH({J=1)+DT
TaTH(J)
CTN=COS(T/2¢)/SIN(T/20)
CT=COS(T)

ST(1)=SIN(T)
ST(2)=2%ST(1)I#CT

DO 13 Nz34+5

NMzN=1

NMMaN=2
STIN)=224%ST(NMI®CT=ST (NMM)
GA{J)=3SCLL)I*CTN

DO 14 N=246

NEl4
NEl4
NElea
NEl4
NElé4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NElé&
NE1l4
NEl4
NEl4
NEl&
NEl4
NEl&
NElé
NElé4
NElé
NEl&
NEl4
NEl4
NEl&
NEls
NEla
NElé4
NEls4
NEl4
NEla
NEl4
NEl4
NEl4
NEl4
NEl4
NEla
NEls4
NElé
NEle4
NEla
NEl4
NEl4
NEl4
NEla
NEl4
NEl&
NElé
NEl4
NEi4
NEl&
NEl4
NElé&
NEl&
NEls4

047
D48
049
050
051
052

.053

054
055
056
057
058
059

77



NnNnN

78

14 GA(J)=GA(J)+SCI
* GA(J)=GA(J)*ST!(

20 CONTINUE
GA(1l)=24%S8C(1)
TH(K+1)=Pl+1ls
GA(K+1)=2GA(K)

COMPUTE G=STAR(N) AND H(N) FOURIER COQEFFICIENTS

M222=1
DTI=200e
DTP=PI/DTI
H=2DTP /3
TP=0,40
UlI=060
VIT=0e40
R=]1e0
R323R##],5
RP2=(R+14)%%2
N= IR
CN=N
DTA=PI/{(CN=1e!
TA=z=DTA
DO 50 JR=1N
TA=TA+DTA
CSTA=COS(TA)
K=}
NT=l

47 DO 41 J=Ks3
CTP=COS(TP)

NI #ST(N=1)
1)

XI=(CTP=CSTA)*#CD

X2=X]%#X]
DEN=X2+RP2
AK2=4 o ¥R/DEN

CALL ELLIPSY(AK2sZKsZE)

AKP=1e0=AK2
AKQ=240=AK2
AK4=AK2#AK2

AYE=( (84O%¥RXAKQ/AKSL) + (24%#R) + 240 = 4o/AK2%*(2¢%R+1e) ) *ZE
AYE=AYE + AKP/AKZ2*{8e¢*R + 4
U=AYE/SQRT(DEN)/(X2+(R=1e)#(R=14))

A¥aSQRT(AK2)
AKZ=4 ¢ %R/RP2

SBETA=SART((1e=~AKZ)/(1e=AK2)})}

CALL ARCSIN (SBETA+BETA»0)

CALL ARCSIN (AKsASK»O)

CALL LAMBDA (ASKsBETASHLMB)

EPSR=1.

AVT=4 % (ZK=ZE ) /AK+2 ¢ #PI*AK/SQRT{AKZ ) # (1 e~HLMB) #SQRT((1e=AKZ)/ (AKZ

1 =AK2))

AVT=AVT#X]/(8e#PI*R32) + EPSR/4,

42 1F (TP=THI(NT})
43 NT=NT+1

GO TO 42
44 G=GA(NT)

45944943

= 16e%R/AK2)#ZK

NEl4
NEls4
NE1l4
NEl4
NE1l4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl&
NElé&
NEl4
NElé4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl4
NEl&
NE1l4
NEl4
NEls4
NE14
NEl4
NEl4
NE1l4
NEl4
NEl4
NE1l4
NEl4
NEl4
NE1l4
NEl4
NEls
NEl4
NEls4
NEl4
NE1l4
NEl&
NEl4
NE1l4
NE1l4
NEl6
NElé4
NEl4
NEl4
NE 14
NEl4
NEl4
NEl4
NE1l4
NEl4
NEl4
NEl4
NE1l4

060
061
062
063
064
065
066
067
o068
069
070
071
072
073
074
075
076
077
o078
079
080
081
082
083
084
o8s
086
o887
o088
o8¢y
090
091
092
093
Q94
095
0%6
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
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45
46

41

48

50

51

710

77

72
73

74

GO TO 46
G=GA(NT=1)+(TP=THINT=1) ) #(GA(NT)=GA(NT=1) )/ {TH(NT)=THI{NT=1))
DI(J)=Gey

DVT(J)=GRAVT

TP=TP+DTP

K=2
UIsULI+H*# (DI (1) +4%D1(2)+DI(3))
DI(1)=D1(3)
VITaVITH+H®#(DVT (1) +44%#DVT(2)4DVT(3))
DVT(1)=DVT(3)

IF (TP=Pl) 47947448
FIJR)==(D#UI/24/P1
FH{JR)=CORVIT

TP=040

Ul=0,40

VIT=040

CONTINUE

NOUT=6

NPR=Q

CALL FOURCS (FsFosNsNOUTsNPR)
CALL FOURCS (FHsFHsNsNOUT oNPR)
DO 51 J=)lsNOUT

GS(J)=aF(J)

HF{J)eFH(J)

UGA(J+6)=MHF (J)

UGA(J)=GS(J)

MZ22=0

RETURN

CONT INUE

TP=0e0

UIl=0e0

NE16
NE 14
NE14
NE14
NE L4
NEl4
NE1lé4
NE14
NEl4
NEls
NEls
NEls
NElé4
NEl&
NEl4
NEl4
NE14
NEl4
NE1l4
NE1l4
NE14
NElé
NE1l4
NE1l4
NE14
NE14
NE14
NEl4
NE14
NElé
NE1é4
NE1&

CALCULATE THE AXIAL VELOCITY INDUCED BY THE ABOVE VORTEX DISTRIBUTNEl4

DO 99 JUR=1sIR

X=XPRES(JR)

K=1

NT=1

XS=X=e5

CSTm=2 4 %XS

R=1e0

DO 71 J=Ks3

CTP=COS(TP)

X2=(CTP=CST)#CD

X2=X2#X2

DEN=X2+(R+1le)*(R+1ls)

AK2=4 4 #R/DEN

CALL ELLIPS (AKZ29ZKs2E)

AKP=] 40=AK2

AKWQ= 2 40=AK2

AK4G=AK2#AK2

AYEZ( (B ONRXAKQ/AKL) + (2e6%#R) 4+ 200 = 44/AK2%(2e%#R+16e) InIE
AYE®AYE + AKP/AK2%#({8e4%#R + 4o = 16e%R/AK2)#ZK
U=AYE/SQRT(DEN)/{X24(R=1e)#{(R=14))
IF (TP=TH(NT}) 75974473

NT=NT+1

GO TO 72

G=GA(NT)

GO TO 76

NEl4
NElas
NElé
NEls
NEl4
NEls
NEl4
NEl4
NEla4
NEl4
NEl4
NEl4
NElé4
NEla
NEl4
NEla
NEl4
NEl4
NEl4
NEl&
NElé4
NEl4
NEl&
NEla
NEle
NEl4

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
laa
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

79



75
76

7

78

99
999

80

GuGA (NT=1)+(TP=THINT=1) ) #(GA(NT)=GA(NT=1))/(THINT)=TH(NT=1))
DI(J)=Gny

TP=TP+DTP

K=2
UIlnsUl+H* (DI (1) +44%D]1(2)+DI(3})
DI(1)=D1(3)

IF (TP=P]) T77+77578
UGA(JR) ==CDRUI/24/P1
TP=0,60

Ul=0,0

CONTINUE

RETURN

END

NEl4
NEl4
NEl4
NEl4
NEl4
NEls4
NElé

NE1l4

NEl4
NEl4
NEl4
NEl4
NEl4

178
179

180

is8l
182
183
184
185
186
187
188
189
190
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20

21

22

23
24
25

26

30

SUBROUTINE GAMCYL (CDesXCoNsRPIUGS IR XPRESSUGP sRRPRA)

SUBROUTINE TO COMPUTE THE AXIAL VELOCITIES INDUCED BY CONSTANT

STRENGTH VORTEX CYLINDERS

DIMENSION RP(25)9UG125) s XPRES(25)+UGP(25525) sRA(25)

COMMON MZ

Pl12341415926
NR=N

CR=CD#2,

IF (IR) 29192
XGe ( XC=1¢ ) #CR

COMPUTE THE VELOCITY INDUCED AT THE PROPELLER STATION

DO 30 J=1sNR

R=RP{ J)}

IF(R) 22421922

U=SQRT {(XG*XG)+1le)
UsXG/U+160

UzQe5#U

GO TO 30

XG2=XG*XG
RPl®(R+le}*{R+1le)
RMla(R=1¢ )% (R=14)
SNB=SQRT (XG2+RM1)
SNB=XG/SNB
SKG2=4¢ %R/ {XG2+RP1)
CALL ELLIPS(SKG2+2ZKsZE)
SKG=SQRT (SKG2)

CALL ARCSIN(SKGsASKGO)
CALL ARCSIN(SNBsBETA»0)
NDEX=0

IF (BETA) 234241424
BETA==BETA

NDEX=1

CALL LAMBDA(ASKGIBETAHLMB)
IFINDEX) 25026925
HLMB==HLMB

NDEX=0

CONT INUE

U=e25%#HLMB+e5
TMaSKGAXGH*ZK/ (4o *P])
TM=TM/SQRT (R)

U=U+TM

UG(J) =y

GO TO 99

NCYL =N

COMPUTE THE VELOCITY INDUCED AT THE REFERENCE CYLINDER BY
THE TRAILING VORTEX CYLINDERS

DO 60 J=1sNCYL
RGR=RA(J)/RRP
RGR2={(RGR+1e)*(RGR+14)
RGRM=(RGR=14 ) # (RGR~1s)
RTRGR=SQRT (RGR}

IF (J=NCYL) 31932432

NE1S
NE15
NE15
NE15
NE1l5
NE1S
NE1S
NE1S
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NELlS
NE15
NE1S
NELl5
NELl5
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NE1S
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32

31
33

42
142

242
3462

38

34
35

36

37
43
4l
141
241

45
46

47
147
247
347

99

82

XP=z140

RGR=1,0

RGR2=4,0

RGRM=20,0

GO TO 33

XP=XC

DO 60 JR=1,yIR
X=XPRES(JR)

XGe X=XP

XGR=XG*CR

XGR2=zXGR*XGR

IF (XGR) 38+421¢38

IF (RGR=1e0) 142+242¢342
UG=0,0

GO TO 60

UG=0425

GO T0 60

UG=0450

GO TO 60

CONTINUE
GKSQx4 ¢ #RGR/ ( XGR2+RGR2)
GK=2SQRT(GKSQ)

CALL ELLIPS (GKSQsZKsZE)
NDEX=0

SNB=XGR/SQART (XGR2+RGRM)
CALL ARCSIN (SNBsBETA»0)
CALL ARCSIN (GK9ASK90Q)
IF (BETA) 34935935
BETA==BETA

NDEX=z=]

CALL LAMBDA (ASKsBETAsHLMB)

IF {(NDEX) 36937937
HLMB==HLMB

BETAz=BETA

NDEX=0Q

CONTINUE

IF (XGR) 41942943
NOEX==]

HLMB=z==HLMB

XGR==XGR

IF (RGR=1e0) 14132419241

UG=GK#XGR¥ZK/ (44 #P [ #RTRGR ) =¢ 25#HLMB

GO TO 45

UG2GK®XGR#*ZK/ (4o ¥P I #RTRGR) +0450+¢25*HLMB

IF (NDEX) 46960160
XGR==XGR

NDEX=0

HLMB==HLMB

IF (RGR=1e0) 14792474347
UG==UG

GO TO 60
UG==UG+0e5

GO TO 60
UG==~UG+140

UGP { J e JR) =UG
RETURN

END
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SUBROUT INE BNCOEF (C#BGI)

FOURIER ANALYSIS OF RADIAL VELOCITY INDUCED BY AN

ACTUATOR DISK IN THE EXIT PLANE == B(N)

DIMENSION BG( 692)9sBGI1(6)+BGO( 6)
COMMON M222
P1=23,1415927

M22Z==10

N=100

KMAX=6

DO 10 K=]1sKMAX
BGI(K)=0e0

EPS=P1/180¢

PIM=P]=EPS

CN=N

DELTH=45#PIM/CN

NP=N+1

DO &6 1=1eNP

DO 3 Jml1s2

Fl=l=2

FJ=J

THeF I #PIM/CN+FJ#DELTH
STH=SIN (TH)

CTH=COS (TH)
XGu=g5#C#(1e+CTH)
XGSQ=XG#XG
GKSQ=XGSQ/ (4 +XGSQ)
GK2SQRT (4e/(4e+XGSQ))
CALL ELLIPS (GKSQeZ2ZKG+2CG)
BGC2¢5/PI#( (GK=2e/GK)%ZKG+2¢ /GK#*#2CG)
STHK=0.

CTHK=14

DO 2 K=] ,KMAX
BG{KsJ)=BGCHCTHK
CON=STHK#CTH+CTHK#*STH
CTHK2CTHK*CTH=STHK®*STH
STHK=CON

CONTINUE

DO & K=1sKMAX
IF(I=1)40504

BGI{K)=BGI (K)+DELTH®(BG(K»1)+(BGO(K)+BG(Ks1)+BG(K9s2))/3e)

BGO(K)=BG(K»2)

CONT INVE
EXTRA==EPS/PI#ALOG(4¢/EPS*SQURT (24/C))
Sla=1

DO 7 K=1sKMAX

Sl==51
BGI(K)=24#(BGI(K)+SI*EXTRA)/PI
BGI(1)=45%BGI(1)

MZ22=1

RETURN

END
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SUBROUTINE ANCOEF (NCYLsNsRASXPsCDsRRPINRUNINPRINT +BS9A9AS) NE17 001

DIMENSION F(50)¢BS(6)9A(2546)9AS(2596)9RA(25) NE17 002
COMMON MZ22 NE17 003
142 FORMAT (1H19+4X10HRUN NUMBERsI5+49X4HPAGEs[392H=Fo//) NE17 004
242 FORMAT (10X55HFOURIER COSINE SERIES COEFFICIENTS === QUTPUT INDENE17 005
1X =¢13) NE17 0Q6
NPAGE = 0 NE17 007
NOUT = 6 NE17 008

20 CR=CD%*2,0 NEL17 009
PI=341415927 NEL17 010

21 CN=N NE17 011
DTH=PI/(CN=14) NE17 012
THa=DTH NE17 013
NE17 014

COMPUTE B=STAR(N) FOURIER COEFFICIENTS NE17 015

NE17 Olé

22 DO 30 J=1lsN NE17 017
TH=TH+DTH NE17 018
CSTH=COS (TH) NE17 019
XGu=o SHCR# {1 ¢+CSTH) NE17 020
GKSQ=XG#XG NE17 021
GKSQ=4 ¢ 0+GKSQ NE17 022
GKSQ=440/GKSQ NE17 023
CALL ELLIPS (GKSWsZKZE) NE17 024
GK=sSQRT (GKSQ) NE17 025

30 F(J)20e25+(GKRXG/4e#ZK/PL) NE17 026
IF(NPRINT) 17191714170 NEL17 027
170 NPAGE = NPAGE + 1 NE17 028
WRITE (69142) NRUNJNPAGE NE17 029
WRITE (69242) NPRINT NE17 030
171 CALL FOURCS (FoF sNsNOUTSNPRINT) NE17 031
DO 31 J=]1sNOUT ' NE17 032

31 BS(J)=F(J) NEL17 033
NE17 034

COMPUTE A(N) FOURJIER COEFFICIENTS NEL17 035

NE17 036

32 D0 40 Js]leNCYL NE17 037
RRASRRP/RA(J) NE17 038
RRAP=RRA+1,0 NEL17 039
RRAP=RRAP#*RRAP NE17 040
RRA4 =4 o 0#RRA NE17 041
RASQT=SQRT (RRA) NE17 042
THa=DTH NE17 043

33 DO 38 KalN NE17 044
THeTH+DTH NE1T 045
CSTH=COS (TH) NE17 046
XRuCR#*(1e=CSTH) %5 NEL17 047
XG=XR=(XP#CR) NE17 048
XGuXG#RRA NE17 049
XGSAsXG#XG NE17 050
GKSQ=RRAP+XGSQ NE17 051
GKSQ=RRA4/GKSQ NE17 052
GKsSQRT (GKSQ) NEL17 053
CALL ELLIPS(GKSQsZKs2E) NE17 054
FI(K)=s({ZE=2ZK)/GK+(GK#2K/2e)})/P1/RASQT NE17 055

38 CONTINUE NE17 056
IF(NPRINT) 1731739172 NEl7 057
172 NPAGE = NPAGE + 1 NE17 058

WRITE (69142) NRUNsNPAGE NE17 059
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WRITE (6+242) NPRINT NE17 060

173 CALL FOURCS (FsFosNsNOUTsNPRINT) NE17 061
DO 39 K=1sNOUT NE17 062

39 A(JeK)=FI(K) NE17 063
40 CONTINUE NE17 064
NE17 065

COMPUTE A=STAR(N) FOURIER COEFFICIENTS NE17 066

NE17 067

42 DO 50 Js1eNCYL NE17 068
RRAZRRP/RA(J) NE1T7 069
RPRIM=]14+0/RRA NE17 070
RRAP=RRA+],0 NEL17 071
RRAP=RRAP#RRAP NE17 072
RRA4 =44 0#RRA NE17 073
RASQT=SQRT (RRA) NE17 074
TH==DTH NEL17 075

43 DO 48 K=1sN NE17 076
TH=TH+DTH : NEL1T 077
CSTH=COS (TH) NE17 078
XRECR*(1e40=CSTH)#*e% NE17 079
XG=XRe= (XP#CR) NE17 080
XG=XG#RRA NEL17 081
XGSQ=XG#XG NE17 082
GKSQ=RRAP+XGSQ NE17 083
GKSQ=RRA4/GKSQ NE17 084
GK=SQRT (GKSQ! NE17 085
CALL ELLIPS (GKSQeZKs2E) NE17 086
NDEX=0 NE17 087
SNB=RRA=140 NE17 088
SNB=SNB#SNB NEL17 089
SNB=XGSQ+SNB ' "NE17 090
SNB=1,0/SQRT (SNB) NE17 091
SNB=XG#*#SNB NE17 092
CALL ARCSIN (SNBeBETAO) NE17 093
CALL ARCSIN (GKsASK0Q) ' NE17 094
XGsXG#RPRIM NE17 Q95
IF(BETA) 624634963 NE17 096

62 BETA==BETA NEL17 097
NDEX==] NE17 098

63 CALL LAMBDA (ASKsBETAsHLMB) NE17 099
IF(NDEX) 64965965 NEL17 100

64 HLMB==HLMB NE17 101
NDEX=0 NE17 102
BETA==BETA : NE17 103

65 CONTINUE NE17 104
IFIXG) 71972973 NE17 105

72 IFIRPRIM=1,0) 74975476 NEL1T 106
T4 F(K)=0e0 NE17 107
GO TO 48 NE17 108

75 F(K)=2=e25 NE17 109
GO TO 48 NE17 110

76 F(K)x=ge50 NEL17 111
GO TO 48 NE17 112

73 NDEX==1 NE17 113
HLMB s=HLMB NE17 114
XG==XG NE17 115

71 IF(RPRIM=140) 77+78+78 ' NE17 116
77 FIK)==GK*XG#2ZK/4e0/P1#RASQT NELT 117
FIKI=F(K)+{e25%#HLMB) NE17 118

85



78
79
80
81
82

83
48

174

175

49
50

86

GO TO 79
FIK)==GK%*XG#ZK/400/P I #RASQT

FIKI=F(K)=e5={s25%HLMB)
IF(NDEX) 80948948
XG==XG

NDEX=0

IF(RPRIM=1,) 81982483
F(K)==F(K)

GO TO 48
FIK)==F{K)=0e5

GO TO 48
F(K)z=F(K)=1e0
FIK)==F(K)

IFINPRINT) 17541755174
NPAGE = NPAGE + 1
WRITE (69142) NRUNsNPAGE
WRITE (69242) NPRINT
CALL FOURCS (FsFsNsNOUT9NPRINT)
DO 49 K=1.NOUT
AS(JsK)=F (K)

CONTINUE

RETURN

END

NEL17
NEL17
NEL17
NE17
NEL1T7
NE17
NEL17
NEL17
NEL17
NE17
NE17
NE17
NE17
NE17
NE17
NEL17
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NEL17
NE17
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SUBROUT INE CNCOEF (GVeXxC)

DIMENSION A(6) oB(6) 9sAS(6)+BSI6)sCNLIG)ICN2(6) s@(697)sPL696) s XC(6)
DIMENSION CVGI(6)

COMMON MZZ2ZZsCDsROR1ISRZ2IR3I9sPI»BBSIAIASHP

VG=1l40/GVY

C=24%#CD

CALCULATE COEFFICIENT MATRIX

TRO=24%*RO

35 C4D=C/840

36 CLN=ALOG(3240/C)=140
@(191)=1e0~P(191)=TRO®CLO#CLN=R1*#C4D
Q(192)3R2/4e0%CAD=TRO*C4D*#0e5%CLN
Q(193)==P(193)=R1*#0e5#C4D+R3#C4D/640
Qlle&)==R2#C4D/440
Q(1s5)2=P(195)=R3%*C4D/640
Q(1906)=0e0
Q(291)3P(2+1)=TRO*¥CHD=24 #R1#CLD#CLN=R2#C4D
Q(2+2)=P(292)=160=R1*#C4D*CLN+(R1+R3)#C4D/44e0Q
Q(293)=C4D#(=R0=~R2/3,) '
Q{294)2P(294)=C4D*(R3+R1+R1) /840
Q(295)3=R2#C4D/640
Q(206)2P(2+6)=R3%#C4D/BW0
W(391)3P{391)=CaD*(R1I+R3I ) =2 *¥RZ*#C4HD*CLN
Q{392)=RO*C4D/2¢0=R2*C4D*CLN
Q(393)3P(3¢3)=1e0=C4D*¥(R1/3e+R3/24)
Q(394)=C4D*{(R2/84=R0/24)
Qt3+5)=2P(345)+C4D*(R3/10e=R1/60)
Q(3+6)==R2%#C4D/840
Qlasl)=P (bl )=CaD*(R2+2+#RIHCLN)
Ql4s2)=P{492)+C4D*(R1/4e~R3*#CLN)
Q493 )=C4D*{RO/34=R2/24 1}
Q(494)2P(494)=140=R1%C4D/840
Ql495)=C4D*(R2/10e=R0/30)
Ql496)3P(496)=R1%#C4D/840
Q(591)=P(591)=R3%#C4D
Q(5+2)2R2#C4D/ 440
Q(593)=P(5+3)+C4D*(R1/6e=R3/24)
Q504 )=C4UD*{RO/4e=R2/40)
Q(595)=P{(5¢5)=160=C4D*R1/15¢
Q(596)==RO*C4D/ 460
Q{691)=P(691)
Q(692)%P 16921 +R3I*C4D /4
Q(693)=C4D*R2/640
Q(694)=P (694 )+C4D*(R1/8e=R3/4s)
Q(695)=C4D*{R0O/5e=R2/60)
Q(696)2P(696)=140=C4D#*R1/8¢

CALCULATE CONSTANTS

DO 40 [=1s6
CN1(I)=TRO#BS(]1)=(24%#B(]))
GO TO (41942943946 945946)91
41 CN1{(1)=CNI(T)+(R1*BS(2))+(R2#BS(3))+(R3#85(4))
GO TO 40 ’
42 CNI{I)=CNL(I)+R1I*(BS(3)+(2e%#BS(1)))+R2¥(BS(2)+BS(4))+RIH(BS(3)+BS
1(5))
GO TO 40

NEL18
NE1l8
NElS8
NEl8
NEl8
NEl8
NE1S8
NE1lS8
NE1S
NE18
NEls8
NEl8
NEl8
NEl8
NE1l8
NELl8
NEL1B8
NE1l8
NElS8
NElS
NElS
NE18
NElS8
NE18
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NELlS8
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NEls8
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NEls8
NEl8
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NEls
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NEl8
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NEl8
NE18
NE18
NE1l8
NEl8
NEl8
NEl8
NElSB8
NElS8
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43 CN1I1)=CN1(I)+R1*(BS(2)+BS(4))+R2¥(BS(5)+(2.#BS(1)))+R3*#(BS(2)+BS NE18

1(6)) NElS
GO TO 40 NELlS

G4 CNL(I)I=CNL(I)+R1*(BS{3)+BS(5) I+R2%(BS(2)+BS(6))1+24%R3#BS(1) NEl8
GO TO 40 NE18

45 CNL(I)=CNL(J)+R1*(BS(4)+BS(6))I+R2*BS(3)+R3*BS(2) NE1l8
GO TO 40 NEl8

46 CN1(1)=CNI(I)+R1#BS(5)+R2#BS(4)+R3#BS(3) NE18
40 CONTINUE NEl8
AS(1)=AS(1)+1e0 NEl8

DO 50 I=146 NE18
CN2(I)m=24#(A(]))+(TRO®(AS(I))) NEL1S
GO TO (51952953954955956)1 NE1l8

51 CN2(I)=CNZ2(T1)+R1#(AS(2))+R2%(AS(3) )+R3*(AS(4)) NEl8
GO TO 50 NEl8

52 CN2{I)sCN2(T)+R1%#(2,%#(AS(1))+AS(3))+R2#(AS(2)+AS(4))+R3*(AS(3)+ASINELS
15)) . NEl8
GO T0 50 NEl8

53 CN2(I)=CN2(I)+R1I*(AS(2)+AS(4) ) +R2%(2e%#(AS{1))+AS(5) )} +RI*(AS(2)+AS(NELS
16)) NE1l8
GO TO 50 NEl8

54 CN2UI)=CN2(T)+RI#(AS(3)I+AS(5) I +R2*# (AS(2)+AS(6)I+R3*24#(AS(1)) NEl8
GO TO 50 NEl8

55 CN2(I)=CN2(I)+R1*(AS(4)+AS(6))+R2%#(AS(3))+RI*(AS(2)) NELl8
GO TO S0 NEl8

56 CN2(I)=CN2(I)+R1%#(AS(5))+R2#(AS(4))+R3*(AS(3)) NE1l8
50 CONTINUE NE1l8
AS(1)=AS(1)=1.0 NEl8
NE18

CALL MATRIX(Qs6) NE18

59 DO 60 I=1+6 NElB
XC(1)=040 NEl8

60 CVGII)=CNLIL{I)I+CN2(1)/GV NEiS8
DO 61 I=146 NE18

DO 61 JU=ls6 NE18

61 XC(I)=aXC(I)+Q(TsJ)%CVGIJ) NE1l8
RETURN NEl8
END NElS8
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SUBROUTINE PRESS ' NEL19

NELl9
DIMENSION TCRAT(7)1eXVI19)eDVA(BsT)IsF(8919)eUPIZ25)sUMI25)»SUMU(25) NELS
DIMENSION ST(5)sUCBP(25) sVCBPI25)+9CST(5) 9SAVUI(25)sFX(25) NELl9

NE19
DIMENSION B(6) sBS(6)9SAL6) 9SAS(6)sP(696) NELl9
DIMENSION C(6)3sA(2596)9AS(2596)eD(6)9DS(6)9SC(6) sGSIE6EYIHIE) NE19
DIMENSION RB(25)9BR(25)9BTA(25) s TCBLD{25) sRA(25) +XPRES(29)9PHI(5) NEL19
DIMENSION UG(25)9UQD(25) sUGD(25)sUVI(25)9UCBI(25)sVCB(25) s NE19
1 UGP (25925 ) sUGA(25) 9GV(25) sGRV(25) 9 CPP(5925) sCPM(5925) NE1l9
DIMENSION ALPHA(25) oSTALL(25)9USTL(25)sTALK(20) NE1l9

NE19
COMMON MZZZ+sCD9ROIR19R29R39PIsB9BS»SAISASHP NELS
COMMON/NEARL/ NRUNONBLD9INZ yMZ +NPRES» IRINTIME NERR’NPAG’NPHI9NPRINTNEI9
COMMON/NEAR2/ CsAsASsDsDSeSCsGSeH NEL19
COMMON/NEAR3/ RRPoXPsZ9BLDOIRBIBRIBTAITCBLDITCosRCBRP2APAIALF s XPRESINELS
1 . RAXCBs XRIELCBCHRMAXsPHI »CORJPCORCB . NE19
COMMON/NEARSL/ UG»UQD sUGD sUV»UCB s VCBsUGP sUGASGV sGAMyGRV CPPCPM NEL19
COMMON/NEARS/ ARJIARJUPIEPSIRAD s CLIALPHAPSTALL 9 JSTLsTALK NE1l9

NE19
DATA TCRAT/06063060890012306159041890621+0e24/ NE19
DATA XV/040900005906012590040259060590e07590619041590¢29042590639 NEL9
1 0069065900600 790e83069290¢959140/ » NE1l9

DATA (DVA(19])e1=1971/%30992902e01591¢36490¢984904696900462904478/ NE19
DATA (DVA(29])91=1971/269001679591e3160697190e694906561906478/ NE19
DATA (DVA(39]1)91=197)/16988910475+101999069349046851045589044787/ NE19
DATA (DVA(4sI)s13197)/1¢6051031291611290690904675190e557904478/ NEL9
DATA (DVA(S591)91=197)/1034251e178914028+0e86110e662904555904478/ NE19
DATA (DVA(6el)9l=19T7)/1016T31e606590094690e818904648+06550+904478/ NE1S
"DATA (DVA(ToI ) sI=197)/1005000e696440e¢8709000771900632900542904478/ NE19
DATA (F{ls1)9I21919)/0090e¢93891605791a08991010391610791610191,0989NELY
1 16091916086910607891¢06691605391404291¢02891401390699090e974904/NELS
DATA (F(Z’l)vl=1o19)/Qo90-89001.05001-105o1012891-13301.130;1.1289NE19
1 1012292611441 e¢10691608991¢07291605491003991401790098490e96990e/NELS
DATA (F(301)9i=21919)/0690e80091600591¢11491elThslelB8491e1889141889NELY
1 161839161 7491¢162316¢135916108916¢080016053916022906978906952904/NE19

DATA (Fl4slly

121919)/009067399069669101129102043142249102339142334NELY

1 16229910218910204410170910131516098914064910024906972900934904/NELS
DATA (F(591)91%21919)/0e90e68290692691¢103910228016264916276912789NELY
1 1627591626291 6267916205910154914116916074+16025904966906914904/NELY
DATA (F(691)9121919)/0e906630906887914087910242914297913179123259NELQ
1 163209130691¢290914¢240916178510132391408591e02790¢95790e89590¢/NELY
DATA (F(Te1)91=21919)/0e90657950e84891406391024491¢322913549143749NELY
1 1¢36891350901033351e27792¢20491e15191409791603290:9444+04879904/NELY

NE19

700 FORMAT (///10Xs53HDUCT PRESSURE DISTRIBUTION CALCULATION ASSUMES TNE19
1/C = »F543//) NE19

. NEL9

IF (MZZ2Z) 24192 NE1l9

1 CONTINUE NE19
. NELl9

SET UP A TABLE OF CONTINWOUS VELOCITY CORRECTION FACTORS NEL19
NE19

DO 31 J=l147 NEL19
TCP=TCRAT(J) NE19
JTC=y NE19

IF (TC=TCRAT(J)) 32433,31 NE1l9

32 IF (J=1) 132+132+34 NE19
31 CONTINUE : NE19

001
002
003
004
005
006
007
o008
009
010
011
012
013
014
015
016
017
0ls8
0l¢
020
021
022
023
024
025
026
027
028
029
030

‘031

032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
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20

132
33

37

38

34

35

36
39

42
41

47
49

10

12

14

16

WRITE (6+700) TCP

DO 38 N=1419

IF (N=7) 37¢37938

DVA(BIN)=DVA(JTCoN)

F(BaN)aF(JTCoN)

GO TO 39
DELTCa(TCRAT(JTC)=TCRAT(JTC=1}1)/(TCRAT(JTC)I=TC)
J=JTC

DO 35 N=1,419

F(BoN)=(F(J=1oN)=F{JsN))/DELTC + F(JsN)

SET UP A TABLE OF THE DISCONTINUOUS VELOCITY CORRECTION FACTORS

DO 36 N=1,7
DVA(BN)={DVA(J=1sN)=DVA(JsN})/DELTC + DVA(JIN)
CONTINUE

RETURN

CONTINUE
LOOK UP CONTINUOUS VELOCITY CORRECTION FACTOR

DO 49 N=1,IR

DO 42 J=1,19

JK=J

IF (XPRES(NI=XV(J)) 41047942

CONTINUE
DELX=(XV{JKI=XV{JK=1))/(XVIJKI=XPRES(N))
FX(N)=(F(8sJK=1)=F(8sJK))/DELX + F(89JK)
GO TO 49

FX{N)=F{89sJK)

CONTINUE

SNALF=aSIN(ALF/RAD)

CSALF=COS(ALF/RAD)

COMPUTE VELOCITY INDUCED BY TRAILING VORTEX CYLINDERS

CALL GAMCYL (CDosXPoNZsRBsUGY IRsXPRESIUGPIRRPRA)
DO 10 u=1sIR

SUMU(J1=140

DO 12 J=1»IR

DO 12 N=1sNZ

SUMU(J)=SUMU(J) + UGP(NesJI*#GVIN)

COMPUTE VELOCITY INDUCED BY DUCT=BOUND VORTICITY

IRC==IR

CALL VTXRNG (CDsXPyIRCIRB»CrUGDsXPRESHP)
D0 14 J=1,ylR '
SUMU(J)=SUMU(J) + UGD(J)#GVINZ)

COMPUTE VELOCITY INDUCED BY THE CENTERBODY

IRC==IR .

CALL HUB (CD9sXRsXCBIELCBCIRMAXs IRCoXPRESsRBIRRP»UCBP »VCBP)
DO 16 J=1»lR

SUMU{J)=SUMU(J) + UCBP(J)*CORCB

SUMU L J) aSUMULJ ) #CSALF

SAVU(J)=SuMU(J)

NELl9
NEl9
NELl9
NEl9
NELl9
NE19
NE1l9
NEL1l9
NE19
NEL9
NEL19
NEL19
NE19
NE19
NE1l9
NELlS9
NE1S
NEl9
NELl9
NE19
NEl9
NELlQ
NEl9
NEl9
NE19
NE1l9
NE19
NE1l9
NEL1lS9
NEl9
NE1l9
NE1l9
NE19
NE19
NElS9
NEL1S
NELl9
NE19
NE1l9
NE1l9
NE19
NEL1l9®
NELl9
NEL19
NEl9
NEl9
NE1lS
NE1l9
NE1lS
NEl9
NEl9
NE19
NE19
NE1l9
NELl9
NE1l9
NE19
NEL9
NEL9

060
061
062
063
Q64
065
066
067
068
069
Q70
071
072
073
074
075
076
077
078
079
080
08l
o082
o83
084
085
086
087
oss
089
090
091
092
093
094
Q95
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
lls
115
116
117
i18
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20

21
23

90

25
30

48

50
51
52
53
54
55
57

56

58

59

IF (SNALF) 204921420
COMPUTE VELOCITY INDUCED BY ALPHA VORTEX RINGS

CALL ALFRNG (CD#IRsSCrsUGAs XPRES)
GO TO 23

DO 22 J=1sIR

UGA{J) =040

DO 99 M=]1sNPHI

CSPHI=COS(PHI (M) /RAD)
SNPHI=SIN(PHI (M) /RAD)

DO 90 J=]1,]R

SUMU(J)=SAVU(J)

DO 25 J=1sIR

SUMUGJ)=SUMULJ) + UGALJ) #SNALF#CSPHI
CONTINVE

CORRECT CONTINUOUS INDUCED VELOCITY

DO 48 N=1lsIR
SUMU (N) =SUMU{IN) #FX(N)

COMPUTE DISCONTINUOUS PORTION OF SURFACE VELOCITY

DO 59 N=l1sIR
CT=xle=24#XPRESIN)
ST{1)=SQRT(1e=CTH*#CT)
ST(2)=2,#ST{1)#CT

DO 50 K=2395

KM=aK=1

KMM=K =2
STUIK)=2e#STIKM)#CT=ST (KMM)
IF (XPRES(N)=0410) 51957957
DO 52 J=l,7

JK=J

IF (XPRES(N)I=XV(J)) 54453452
CONTINUE

DVAX=DVA(8yJK)

GO TO 55
DELX=(XV{JK)=XV{IK=1))/(XVIJK)=XPRES(N))
DVAX=(DVA(BsJK=11=DVA(89sJK})/DELX + DVA(BsJK)
CTN=DVAX#2,0%P]

GO TO 56
CT22SQART({1e+CT)/24)
CTN=CT2/SQRT(1e=CT2%#CT2)
GD=C{1)#CTN

GA=sSC(1)#CTN

DO 58 J=1s5
GO=GD+C(J+1)#ST(J)
GA=GA+SClJ+1)#5TJ)
GD=2GD*GV (NZ) #CSALF
GA=GA®SNALF*CSPHI

UM{N) =SUMU(N)=GD/2+=GA/2¢
UP(N)=SUMU(N)+GD/2¢+GA/ 2
UT=SNALF#SNPHI

COMPUTE PRESSURE COEFFICIENT INSIDE AND OUTSIDE DUCT SURFACE

NE19
NE19
NE19
NEL9
NEL19
NE19
NE19
NEL9
NE19
NE19
NE19
NEL19
NE19
NE19
NEL19
NEL19
NE1l9
NE1lS
NEL9
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NEL19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NEL19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19
NE19

119
120
121
122
123
124
125
126
127
128
129
130

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

91



DO 60 N=1sIR

UTTSUT#FX(N)

UTT=UuTT#UTT
CPP(MoN) =1 4=UPIN)*UP(N) + UTT

60 CPM(MyN)=1e~UMIN)®UMIN) + UTT
99 CONTINUE

92

RETURN
END

NE19
NE19
NE19
NE19
NE19
NELl9
NE19
NEL19

178
179
180
181
182
183
184
185



SUBROUT INE OQUTPUY NEZ20

NE20O

DIMENSION B(6)sBS(6)sSAI6)sSAS(6)sP(646) NE20
DIMENSION C(6) 0A(2596)9AS(2546)sD(6) sDS(6)9S5C(6)9GS(6)sH(6) NEZ20O
DIMENSION RB(25)sBR(25)9BTA(25) s TCBLD(25)9RA(25) s XPRESI25)9PHI(S5) NEZO
DIMENSION UG(25)+UQD(25) sUGD(25) sUVIZ25)sUCB(25) sVCB(25) NEZ20

1 UGP (25925 ) sUGA(25) 9GVI(25) sGRV(25) s CPP (5925} oCPM(5925) NE20
DIMENSION ALPHA(25) oSTALL(25)9JSTL(25) o TALK(20) NEZ20
DIMENSION CTDP(10)sCNOP(5) sCMDP(S5)sE(6)IIES(H6) 9oF(6)9FS(6) NEZ20
NEZ20

COMMON MZZZ+CD9ROIRLIIR29R3sPI9sBsBSsSASASHP NE20
COMMON/NEAR1/ NRUNsNBLDoNZsMZsNPRES I IRINTIME ¢sNERR9yNPAGINPHI sNPRINTNE20O
COMMON/NEAR2/ CoAsASsDesDSeSCeGSeNH NE20
COMMON/NEAR3/ RRPsXP+sZ+BLDsRBsBRBTASTCBLDsTCoRCBRPYAPAYALF 9 XPRESINEZ20

1 RAs XCB s XReELCBCoRMAX 9 PHI yCORJ»CORCB NE20
COMMON/NEARG/ UGsUQDsUGD sUVsUCB s VCB I UGP s UGA»GV s GAMyGRV s CPP s CPM NEZ20
COMMON/NEARS/ ARJIARJIPIEPSIRADsCLIALPHAISTALL 9 JSTLsTALK NE20
NEZ20O

101 FORMAT(15H]1 RUN NUMBERI5+49X9s4HPAGEI3//) NE20
701 FORMATI(15H] RUN NUMBER»I59s17X15HOPTIONAL OUTPUT»17X9s4HPAGEI3//)INERO
702 FORMAT (/17X1H{sF5e291H) 929X1H(9F54291H)) NE20
703 FORMAT (1H195X910HRUN NUMBERsI5910X34HDUCT SURFACE PRESSURE DISTRINEZ0
1BUTION#10Xs4HPAGES 13//) NE20O
102 FORMAT ( 5X920A47/) NE20
113 FORMAT (9X4HHIN)) ' NEZO
114 FORMAT [(9X5HSC{N)) NE20
115 FORMAT (9X4RCIN)) NE20
116 FORMAT (9X4HB(N)) NE20
117 FORMAT (9XSHBI(N)*) NE20
118 FORMAT (9X8HSUM A(N)) NEZ20
119 FORMAT (9X9HSUM A(N)*) NEZ20
120 FORMAT (9X4HD(N)) NE20
121 FORMAT (9XSHD(N)#*) NE20
122 FORMAT (9X6HA(MsN)}) NE20
123 FORMAT (9XTHA(MsN) *) : NE20
124 FORMAT (l4Xsl6HEFFECTIVE CAMBER#4F1046/7/) NE 20
143 FORMAT(/10X34HFOURIER COSINE SERIES COEFFICIENTS/15X5HN= 1965X4HMsINE 20
1e1277) NE20
148 FORMAT (7X12HDUCTen s C/DEX4HXP/COX3HT/COX6HRTE/RP4XE6HRCB/RPS X4 HAPNE 20
17/A/10X6F1046//) NE20O
149 FORMAT (15XSHALPHA»S5X1HJsIX2HJ ' 96X8HJ COS(A) 92X8HJI'COS{A)/ NE20
110XsF10e394F10e5) NE20
150 FORMAT(5X1HN4X4HR/RP4X5HUQD/V7X5HUGD/V7X4HUG/V8X5HUCB/V6X8HGAMMA/RNE20
1v) NE20
151 FORMAT(///715X1542Xs24HITERATIONSS EPSILON =9F946) NEZ20
152 FORMAT (/17X6HINFLOW919X5HBLADE/5X1HN“X“HR/RP5X3HU/V3X5HGAM/V7X5HANE20
1LPHAGX9HDELTA P/Q) NEZ20
153 FORMAT (/9X6HCTP(D)5X6HCTD(9)4X7HCTD(P"5X4HCTDP7X5HCTDP'6X4HCNDP9NEZO
1 7X4HCMDP) NE20
154 FORMAT (2X4H(A) 9T(1PEl1led)) NEZ20
155 FORMAT (2X4H(B) »T7(1PE1le4)) NEZ20

156 FORMAT (///5X8HNOTESees//10X55H(A) COEFFICIENTS BASED ON FREE STRNE20
1EAM DYNAMIC PRESSURE//10X46H(B) COEFFICIENTS BASED ON PROPELLER TNE20

1IP SPEED) NE20
157 FORMAT (/11X»53H# BLADE SECTION LIFT COEFFICIENT HAS EXCEEDED CLNEZ20
IMAX/20X 9 14HIN ANNULI NOSe92513) NEZ2O
244 FORMAT (5Xe6(1PE1346)) NEZ20
245 FORMAT (F9,495(1X2(1PEL0e3))) _ NE20
250 FORMAT (//2XTHAZIMUTH/3X8HPHI = /95 (3H===3XsFTe294X4H===/)) NE20

001
002
003
004
005
006
007
008
009
0olo0
0l1
o0l2
013
0la
015
0lé
017
ols
019
Q20
021
022
023
024
025
026
027
o028
029
030
031
032
033
034
035
036
037
038
039
040
041
0«2
043
044
045
046
047
Q048
049
050
051
052
053
054
055
056
057
058
059

93



251
252
253
254
255
256
257
260
261

931

930

94

900

61
901

902

904

905

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(/5X4HX/C 91 (3X6HCP (IN) s 4XTHCP(OUT) 91X} )
(/75X4HX/C 92 (3X6HCP {IN) s 4XTHCP(OUT) #1X) )
(/5X4HX/C 93 (3X6HCP(IN) s4XTHCP{OUT) 91X 1))
(/75X4HX/7C 94 (3X6HCP (IN) 9 4XTHCP(OUT ) 91X} )
(/5X4HX/C 95(3X6HCP{IN) 94 XTHCP(OUT ) 91X ) )
FORMAT(///9X50HPRESSURE COEFFICIENTS BASED ON PROPELLER TIP SPEEDINE20
FORMAT(//9X51HPRESSURE COEFFICIENTS BASED ON FREE STREAM VELOCITY)INEZ20
FORMAT (169F9e535(1PE125))

FORMAT (2X1H#139F94595(1PE1265))

IF (NTIME=50) 930,930,931

NERR=1

NPRINT=NPRINT+1
SNALF=SIN(ALF/RAD)
CSALF=COS(ALF/RAD)

ARJV=ARJ/CSALF

ARJVP=ARJP/CSALF

NCYL=M

Z

IF (NPRINT+EWeleORsNPRINT4GEsll) GO TO 900

GO TO
NPAG=N
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
DO 61
X=ayG(J
Y=UuGpD (
R=RB(J

XQ=UQD(J) *CORJ

901
PAG+]
(69701)
(6+102)
(69148)
(69124)
(69149)
(6+702)
(6+150)
J=1leNZ
) #GAM

J ) #GAM
) #RRP

NRUN s NPAG

TALK

CDsXP s TCoRRP sRCBRP 9 APA
RO»R19R29R3
ALFsARJVIARJIVP s ARJ9ARJP
CORJ»CORCB

XY=UCB(J)*#CORCB

WRITE

(69260)

JIRIXQsYsX s XYGRV(J)

WRITE (69151) NTIMESEPS
IF (NPRINT.GE«10) GO TO 902

GO TO
NPAG=N
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
IF (AL
WRITE
WRITE
CONTIN
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

903
PAG+1
(69701)
(69102)
(69148)
(6+149)
(69143)
{69115)
(69244)

NRUN s NPAG

TALK

CDsXP s TCoRRP sRCBRPAPA
ALFsARJVIARJVP IARJPARJP
NCYL

(C(J) eJ=196)

F) 90499059904

(69114)
(69244)
UE

(69116)
(69244)
(69117)
(69244)
(69118)
(69244)
{6s119)
(69244)

{SC(J)sJ=1146)

(B(K)sK=1l96)
(BS(K)sK=196)
{SA(J)sJ=146)

(SAS(J)eJ=196)

NE20
NEZ2O
NEZ20O
NEZ20
NE20

NE20
NE20
NE20O
NE20
NE20
NEZ20
NE20
NEZ20
NE20
NE20
NEZ2O
NEZ20
NE20
NE20
NE20
NE20
NEZ20
NE20
NE20
NEZ20
NEZ20
NEZ20
NEZ20
NE20
NE20
NE20
NEZ20
NE20
NE20
NE20
NE20
NEZ20
NE20
NE20
NE20
NEQOD
NEZ20O
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NEZ20O
NEZO
NE20
NEZ20
NEZ20
NE20

060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
(¢]-1:]
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
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924

925
903

64

62
63

20

21

22

WRITE (64120}
WRITE (63244) (D(N)eN=196)

WRITE (6+121)

WRITE (69244) (DS(N)sN=1+6)
WRITE (69113)

WRITE (6+244) (H(N)9oN=156)
WRITE (6s122)

DO 924 M=] ¢NCYL

WRITE (6+244) (A(MsN)sN=1+6)
WRITE (69123)

DO 925 M=]14NCYL

WRITE (69244) (AS(MysN)sN=1+6)

NPAG=NPAG+]

WRITE (6+101) NRUNINPAG

WRITE (6+102) TALK

WRITE (65148) CDsXPosTCoRRPsRCBRPsAPA

WRITE (69149) ALFrARJVIARJIVPIARJIIARUP

WRITE (69152)

X=Qeo

Y=0e

DO 63 J=]1yNZ

X=GRV(J)/PI/ARJIPHBLD/Z

Y=Y4+X

R=RB(J) #*RRP

DELP=GRV(J)*BLD/Pl /ARJP

IF (STALL(J)) 624644962

WRITE (69260) JeRsUVIJI GV (J) 2sALPHA(J) sDELP
GO TO 63

WRITE (69261) JeRoUVIJIsGVIJ) sALPHA L J) sDELP
CONT INUE

X=0e0

COMPUTE DUCTED PROPELLER THRUST COEFFICIENTS

CTCF=ARJ*ARJEP [ /APA/840/CSALF/CSALF
CTOP(1)=YRAPARCSALF#CSALF

DO 20 J=1+6

E(J)=SALJ) + DUJIRCORCB + BlJ)#GAM
CON==CD#P [ #GAM#CSALF#CSALF
CTOP(2)mCI1 ) #(beHE(L)+2#E(2)) + 2.%#C{2)%E(])
CTALF=SCU1 )% {4e®H{1)+2e%H(2)) + 24%SC(2)%H(]1)
DO 21 N=2,5

CTALF=CTALF + SCIN+1)#H(N) = SCIN)®H(N+1)
CTOP(2)=CTDP(2) + C(N+L)I#E(N} = C(NIRE(N+]1)
CTOP(2)uCTOP{2)#CON + PI#CD#(24#SC(1)+SC(2) ) *SNALF*SNALF
CTALF==PI#CD/2 o #SNALF®SNALF#®#CTALF
CTOP(2)=CTOP(2) + CTALF

X=RRP#RRP

XxleO={1le0/X)

XaX#DELP#CSALF#CSALF

CTOP(3)=aCTDPI2) + X

CTOP(4)=CTDP(1) + CTDP(2)

CTOP(5)=CTDP(1) + CTDP(3)

DO 22 J=1,5

CTOP(J+5)=CTDOP(J)#CTCF

COMPUTE DUCT NORMAL FORCE COEFFICIENTS

NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE2C
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20

119
120
121
122
123
124
125
126
127

129
130
131
132
133
134
135
136
137
138
139
140
14l
142
143
144
145
146
167
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

171
172
173
174
175
176
177
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9%

30

31

32
33

34

35

1
2
1

2

36

37

38
23

DO 30 JU=1l95
CMOP(J) =040
CNDP(J)=040
SACA=SNALF#CSALF
IF (SACA) 3192331
MZZI==]

COMPUTE F(N) AND F=STARIN) FOURIER COEFFICIENTS

NF=50

CALL VTXRNG (CDesXPsNF sRB sCoUGD s XPRES 9P )

M2Z22=]

DO 32 J=l+6

FS(J)=UGD(J)

FlJIaUuGD(J+6)

DO 33 JU=1+6

ES(J)aSAS(J) + DS(J)I*CORCB + (BS(JI+FS(J))*GAM
CNDP(2)2SC(Ll) % (4eMES(L1)+2e#ES(2)) + 2¢%#SCI2)#ES(1)
DUM=0,40

DO 34 U=2s5

DUM=DUM + SClJ+1)#ES(J) = SCLJI)IRES(J+]1)

CNDP(2)= (CNDP(2)+DUM)#PI#CD*SACA/ 24
CNOP(3)3ClLl)®(4e*GS(1)+2e%#GS(2)) + 24#C(2)%GS(1)
DUM=0,0

DO 35 J=2s5

DUMSDUM + C(J+1)#GS(J) = C(JI®GS(J+])
CNDP(3)=(CNDP(3)+DUM) *¥P I #CD*SACA/ 2 ¢ *GAM

CNDP (4 )P #CONSACA* (2%#SC(1)+5C(2))
CNOP(1)aCNDP(2) + CNDP(3) + CNDPl4&)

COMPUTE DUCT MOMENT COEFFICIENTS

CMDP(2)=sCl1)%(4e®GS(1)+4e#GS(2)+24%GS(3)) + C(2)%(GS(2)=GS(4))
+ ClI)IH(2%#GS5(1)=GS(5)) + C(4)#(GS(2)=GS(6)) + Cl5)%#GS(3)

+ Cl6)*GS(4)
CMDP (2)=CMDP {2 ) %P /4 o *GAM®SACA#CD*CD
CMDP(3) =Pl /2% D¥CORSACA®(24#SC(1)+SC(3))

CMOP(4)mSCUL)% (4o #ESIL1)+4e%ES(2)+2,*ES(3)) + SC(2)#(ES(2)=ES(4))
+ SCUIIM(2+%¥ES(1)=ES(5)) + SC(4IR(ES(2)=ES(6))

+ SCIS)I®RES(3) + SCLO)IRES(4)
CMOP (4 )sCMDP (4 ) #P] /4 o #SACARCDOHCD
DO 36 J=]1+6
E(J)I=E(J) + F(JU)®GAM
CMOP (S5)=SCLI M (4oHE(1)+24%E(2)) + 2e%#SC(2)%E(]1)
DUM=0,40
DO 37 J=2+5
DUMSDUM + SCIJ+1)*E(J) = SClJIIRE(J+])
CMDP (S5 )==(CMDP (5)+DUM)I®#P] /24 #SACA*CD
DO 38 J=2,5
CMDP{1)=CMDP(1) + CMDPI(J)
CONTINUE
WRITE (69153)
WRITE (69+154) (CTDP(N)sN=195) oCNDP(1)sCMDP(1)
CNDP(1)=CNDP(1)%#CTCF
CMDP(1)=CMDP {1 )#CTCF#RRP/240
WRITE (69¢155) (CTDP(N)sN=6»10)sCNDP(1)sCMDP(1)
WRITE (69¢156)
N=0
NTOT=0

NE20
NE20
NEZ20
NEZ20
NE20
NEZ20
NEZ2O
NE20O
NEZ2O
NE20
NE20
NEZ20
NE20
NE20Q
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NE20
NEZ20
NE20
NE20
NE20
NE20
NE20
NE20O
NE20
NEZ2O
NE20
NE20
NE20
NEZ20
NEZ20
NE2Q
NE20
NE20
NE20
NEZ20
NEZ20

178
179
180
181
182
ig3
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236



[aXaXa)

70
72

71
73
T4
15

80

82
81

83
85

DO 71 J=1eNZ
IF (STALL(J)) Tls 719 72

N=N+1

JSTLIN) =J

NTOT=N

CONT INUE

IF (NTOT) 75s 75+ 74

WRITE (69157) {JSTLIN)sN=1sNTOT)
CONTINUE

IF (NPHI) 9949980

COMPUTE DUCT SURFACE PRESSURE COEFFICIENTS

CALL PRESS

DO 81 I=19NPHI

DO 81 JUsl,yIR

IF (XPRES(J)=XP) 81¢82982
CPP(10J)=CPP(1+J) + DELP#CSALF#CSALF
CONTINUE

IF (NPRESeLEel) GO TO 85

DO 83 [=]1yNPHI

DO 83 JUs=]lylR
CPP(19J)=CPP{]sJI#ARJV*¥ARJIV/ 240
CPMIT o) 2CPMIT9J) ®ARJV¥ARJIV/240
NPAGsNPAG+]

WRITE (69703} NRUNSNPAG

WRITE (6+102) TALK

WRITE (69148) CD9XPoTCIRRPIRCBRPIAPA
WRITE (68149) ALFIARJVIARJIVPIARJIIARJIP
WRITE (6+250) (PHI(J)sJ=LeNPHI}

GO TO (192439445) sNPHI

WRITE (6+251)

GO TO 6

WRITE (6+252)

GO TO 6

WRITE (69253}

GO TO 6

WRITE (69254}

GO TO 6

WRITE (64255}

CONTINUE

DO 86 J=lyIR

WRITE (6+245) XPRES({J)s (CPP(IeJ)sCPM{1sJ}
IF (NPRESsLEel) GO TO 8

WRITE (69256)

GO TO 99
WRITE (6+257)
RETURN

END

s [=1sNPHI)

NE20
NEZ20
NEZ20
NE20
NEZ20
NE20
NEZ2O
NEZ2C
NE20
NEZ20
NE20
NE20
NEZ20
NE20
NEZ20
NE20
NE20
NE20
NE20
NEZ20
NE20

NEZ20O

NE20O
NE20
NE20
NE2O
NE20O
NE20
NEZO
NEZO
NE2OC
NEZ2O
NE20O
NE20
NEZO
NE20
NEZO
NEZ20O
NE20
NE20
NEZ20O
NE20
NEZ20
NEZ20
NEZO
NEZ20
NEZO
NE20
NEZ2O

237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

261

262

263

264
265
266
267
268
269
270
271
272
273
274
275
276
271
278
279
280
281
282
283
284
285
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8. SAMPLE CASES

In this section, the input and output for several sample cases are
described, The input decks are shown in figure 6 and illustrate both
methods of stacking runs discussed in section 4.1. The first case
considers the ducted propeller on the Bell X-22A aircraft (ref. 13).
This input deck for this case is followed by a blank card, since a
different configuration follows. The second and succeeding cases
consider the ducted fan used on the Doak VZ-4DA aircraft (refs. 12 and 14).
There are four cases illustrated in figure 6. The first of these four,
which follows the blank card, has a complete input deck. The remaining
three cases, which have run numbers of 2010, 2020, and 2030, use only
a single card, since only the advance ratio or the angle of attack is
changed. The quantities required as input were obtained from
references 12-14. The only areas in which questions might arise are
the geometric camber coefficients and the centerbody configuration,
both of which are discussed below.

The Bell duct has an unusual camberline shape, and the coefficients
resulting from equation (48) do not yield a shape that matches the
actual camberline well. A better fit to the camberline was obtained
by solving equation (47) at x/c = 0, 0.15, 0.45, and 0.7. These are
the coefficients shown on the third card of the input deck. The
centerbody model is determined by placing the maximum centerbody radius
at its true location aft of the fan. The Rankine body results in a
centerbody which is larger and more blunt than the true centerbody.

The shapes are compared in figure 3 of reference 1.

The camberline of the Doak duct was best fit by éolving equation (47)
at x/c = 0, 0.25, 0.55, and 0.8; and these are the coefficients on the
third card of the input deck for the second case. The centerbody model
is determined by assuming the maximum centerbody radius to be at the
propeller station. The resulting shape fits the centerbody nose very
well but it is shorter in length than the true centerbody as is shown

in figure 4 of reference 1.

Two runs making up the sample case output are shown in figure 7.
They are the first two runs obtained from the stacked input decks
shown in figure 6. Since the output was described in detail in section 5,

no further comments will be given here.
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9. DATA COMPARISONS

In order to give the program user some indication of the nature of
the results obtained from the computer program, some comparisons with
experimental data are presented. The comparisons included herein are
brief because of the similarity between the current results and those
included in reference 4.

Comparison between the measured and predicted total thrust
coefficient on the Bell X-22A ducted propeller in axial flow (ref. 13)
is shown in figure 8. These results illustrate the effect of advance
ratio and fan blade pitch angle. The agreement is good until compari-
sons are made in regions of possible blade stall; that is, low advance
ratio and high blade pitch angles. Note that the program predicts the
correct trend due to blade stall when 55/4 = 49° even though the
total thrust is overpredicted.

The total thrust coefficients presented in this report include
the pressure thrust due to the increased pressure aft of the fan
acting on the duct. The pressure thrust is included to give better
agreement between measured and predicted duct thrust as is shown in
reference 5. Thus the overprediction of the total thrust coefficient
is due primarily to the predicted fan thrust as discussed in the above
reference. The fan thrust is very dependent on the fan blade character-
istics, and an error of 2° in the blade pitch angle can cause large
differences in fan thrust.

In figure 9, the effect of angle of attack and advance ratio on the
thrust, normal force, and pitching moment on the Doak ducted fan (ref. 14)
are shown. The thrust and normal force agree generally with the results
in reference 5; that is, the thrust is well predicted at high advance
ratios and at low angles of attack, and the normal force is well predicted
at high advance ratios. The major difference in results occurs with
pitching moments. Reference 5 showed good prediction of pitching
moments, but figure 9(c) shows poor agreement with experiment. In the
early work described in references 2 and 4, some simplifying assumptions
were necessary in order to compute duct pitching moments. The analysis
of reference 1 removed these assumptions and -showed some of them to be
incorrect. TUnexplainably, the more exact analysis results in poor

agreement with experiment.
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Comparison of predicted and measured duct surface pressure coeffi-
cients on the Doak ducted fan are shown in figures 10, 11, and 12. The
present results are nearly the same as those shown in reference 4
where a larger range of conditions was investigated. Although a = 20°
is the highest angle of attack shown in figures 11 and 12, the nature of

the agreement on duct pressure coefficients is the same for angles of
attack as large as a = 80°.

Nielsen Engineering & Research, Inc.
Palo Alto, Calif,
June 1969
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10.

11.

12.

13.

14.
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Figure l.- Theoretical model of ducted
fan in axial flow.
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Figure 2.~ Blade section flow characteristics.
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ELLIPS
NEO3
MAIN LAMBDA
NEOO NEO4
PKL
NEO2
HUB
NEOS
ELLIPS
) CLALF NEO3
NEOB ALFRNG
NEL4
FOURCS
NE1l
INPUT pggsg
NEOL. NE19
PKL
NEO2
CAMBER
NE06
HUB FOURCS ELLIPS
NEOS NE11 P “NEO3
»l PROP ARCSIN
*1 neo7 1 “NE09
GAMCYL LAMBDA
NELS —| NEO4
SRCRNG ELLIPS
NEL2 NEO3
HUB
NEOS
BNCOEF ELLIPS
NE16 NEO3
ANCOEF ELLIPS
NEL7 NEO3
FOURCS
NELL
a

ARCSIN
NEO9

(a) Initialization section.

Figure 3.- Relationship between subprograms.




CLALF
NEOB
| CNCOEF MATRIX
NE18 NEL0
ELLIPS
NEO3
GAMCYL ARCSIN
NE15 NEO09
ELLIPS |
NEO3
LAMBDA
NEO4
ARCSIN
! NEO9
VTXRNG ELLIPS
NE13 NEO3
GAMCYL LAMBDA
NE15 NEO4
VTXRNG ELLIPS
NEL13 NEO3
| VTXRNG ELLIPS
NE13 NEO3
TEST
LOW
ROFILE,
ELLIPS
J NEO3 ELLIPS
converged NEO3
1 OUTPUT VTXRNG
NE20 KEL3
\ FOURCS ARCSIN
NELl bl NEO9
PRESS GAMCYL LAMBDA
. NEL9 NELS - T| NEO4
VTXRNG ELLIPS
NE13 NEO3
END
HUB
NEOS
ALFRNG ELLIPS
NE14 NEO3

(b) Iteration and conclusion section.

Figure 3.~ Concluded,
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Card No. 1

Variable Title
Description Any alphabetic or numeric identification information
Units None
Card Column 1-80
Format None
Value
Card No. 2
Variable - c/D xp/c t/c R/Rp RCB/Rp €
Description Duct chord-to- | Propeller loca-{Duct maximum Ratio of duct Ratio of cen-~ Convergence
diameter ratio | tion in frac- |thickness-to- trailing edge terbody radius | criterion
tion of duct chord ratio radius to pro- to propeller
chord peller radius radius
Units None None None None None None
Card Column 5 15 25 35 45 55
Format x| . |x{x{x[x x| . fx)xx|x x| . [ xfachx fx x| . [x{xixpx x| . [x]x{xjx . I
Value
Card No. 3
Variable R, l R, l R, 1 R,
Description Fourier coefficients of the duct geometric camberline
Units None None None None
Card Column 5 15 25 35
Format + |x|. |x|x|x[x + x| xIx{x]x Hixi.ixxixix Hixd. xjxfx]x
Value

Figure 4.- Format of input data.




Card No. 4

L0T

C
Variable fcp/© *cp/© “max’ fcB e
Description Ratio of cen- Location of Ratio of maxi- | Location of
terbody length centerbody nos¢g mum radius to | maximum center-
to duct chord in fraction of { length of cen- | body radius
duct chord terbody
Units None None None None
Card Column 5 15 25 S5
Format x| . [ xixx] x| I xx|x|x + [Hix]. x|x
Value
Card No. 5
Variable NBLD NZ NZP IR NPRES NPRINT
Description Number of Number of Number of Number of Output Output index
propeller equal area stations in (x-stations option for
blades annuli on propeller on duct sur-|pressure
propeller table face coefficient
Units None None None None None None
Card Column 4 9 14 19 25 29
Format x| x| X|x Xix XX X X|x
Value

Card No. G(a)

Variable r/RE
Description Propeller radii at which blade characteristics are to be input, specified as a fraction of propeller
radius
Units None None None None None None None None
Card Column 5 15 25 35 45 55 55 75
Format ¢ 1. [ XIxpx{x X 1. XXX x| . xIxIxIx X} . I XIX]IXIX X}.xaxixix xtk X X)L IXIXIXIX :F.xkx
Value 1

(a)Thc number of 10 column fields will be equal to NZP (Card No. 5). Each card will accomodate 8 fields; therefore,
if NZP > 8, the remaining fields are included on following cards having the same format as Card No. 6.

Figure 4.- Continued.
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(b)

Card No. 7
Variable b/Rp
Description The propeller blade chord at stations corresponding to radii on Card No. 6, specified as a fraction
of propeller radius.
Units None None None None None None None None
Card Column 5 15 25 35 45 55 55 75
Format x{. Ixxix]x %] . Pe)x]x)x x). popxjx)x x} . fx]x] x]x x] . IXIx}x x| . x Jx]x]x x| . Ix]x]x X] . pejxix
Value
Card No. 8(b)
variable B
Description Propeller blade pitch angle at stations corresponding to radii on Card No. 6.
Units Degrees Degrees Degrees Degrees Degrees Degrees Degrees Degrees
Card Column 5 15 25 35 45 55 65 75
Format x| - xxix]|x x| .- Ix|x x| x x} - Ixpx]x]x x| . Ixix|x]|x x| . IxIx]x IxIx]x]x =1 . x| xfx x| . I x{x]x
Value
Card No. 9(b)
variable t/b
Description pPropeller thickness-to-chord ratio at stations corresponding to radii on Card No. 6.
Units None None None None None None None None
Card Column 5 15 25 35 45 55 65 75
Format X1 - (XXX X|. [ X|X]XX x| - XXX x X} - | XIX] X)X X] - X X)X X} - X PXX) % X] - I Xjx|x X} . | x)xX}x
Value

(b)The same number of cards are required for b/Rp, B, and t/b as are required for r/Rp.

Figure 4.- Continued.
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card No. 10'¢)

Variable x/c

Description Location on duct at which pressure coefficients will be calculated, specified as a fraction of

duct chord.

Units None None None None None None None None
Card Column 5 15 25 35 45 55 65 75
Format x| . |xx|x]x %1 . ix]x]x]x X} . XIx]x]x x|. 1 xX[xjxix X | . IxXix]x]x Xf . X XIX]X x| . IxX{xIx]x x} . I xx|ixix
Value
Card No. 11
Variable NRUN NPHI J a ¢
Description Run num- |Number of| Advance Angle of Azimuth angles at which duct pressure distributions will be
ber azimuth ratio attack calculated.
T #£0 angles (3 #0) (Ja] < 90%)
<5
Units None None None Degrees Degrees Degrees Degrees Degrees Degrees
Card Column 2 10 15 25 35 45 55 65 75
Format x|x)x{x b Ix] . | x]x) dx x). |xIx]xdx x|x] . jx]x| xixix.Ix]x xIxjix). |x}x] x{xX]xj . | x]x xx ix].
Value

(C)T'he number of 10 column fields will be equal to IR (Card No. 5).

Figure 4.- Concluded.
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Figure 5.~ Centerbody geometry.
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SAMPLE CASE 1

see BELL X=22A DUCTED PROPELLER oo

BETA(3/4)=29 DEGREES

0e525 04286 04170 14102 0el75 OeQl
=e039985 =4,083845 =,062813 =e027351
0890 =0e067 04202 0eb67
3 20 12 23 1 1
0el175 0250 0430 0e40 Oe&d5 0e50
065 0e75 0485 1.00
0e333 04309 06293 04260 Qe246 0e235
03222 0e217 06212 0204
6440 5845 5540 4840 G444 4140
3245 2940 2605 2345
0320 04280 0255 O0el1l0 04190 0el80
0¢130 0s4100 0070 0030
040 00025 040050 0e010 0020 04030
010 Oel5 0620 0425 0+285 0e287
0+50 0660 070 0e80 0e90 0e95
1000 1 O0¢l10 Oe0 Qe0
SAMPLE CASE II eee DOAK VZ=4DA DUCTED FAN eee BETA(TIP)I= 15
04608 0293 0el60 lel3l 06332 001
«e002748 =4029679 =+032916 ¢ 006403
216 =0es561 Oells " Q6293
8 20 8 23 1
0e332 0e40 050 0«60 Q70 0«80
Del56 Oel55 0el52 Oelbd 0e131 0el1l17
4840 4340 3640 3040 - 2540 2048
0e190 Oelb4 06120 0.100 0.084 0e072
0«0 00025 040050 Ce01 0e02 003
0+10 Oel5 0620 0e25 04292 Ce294
0450 0e60 0670 0+ 80 090 0695
2000 5 Oel78 2040 0e0 4540 9040
2010 5 Oel78 10.0 0+0 45.0 9040
2020 1 Oel178 0.0 0eQ
2030 5 0342 200 OeQ 4540 9040

Figure 6.- Sample input data.

055

0228
377

0el60

06040
0630
1400

DEGREES

Ce90
O0«104
1745
0062
0«04
Q0e30
100
135.0
13540

13560

0460

0e224
3448

0el45

0050
O0e40

1400
0.091
1540
Q04054
0405
Qe40

18040
18040

18040



RUN NUMBER 1999 PAGE

SAMPLE CASE I ... BELL X-22A DUCTED PROPELLER ... BETA(3/4)=29 ODEGREES

INPUT

ODUCT GEOMETRY.s. c/0 Xp/C T/C RTE/RP RCB/RP

34525023 24286000 0170000 1102037 J2.17509°

CAMBER COEFFICIENTS, -,.239985 -).083845 ~-0.062813 -0,327351
PROPELLER GEOMETRY..s 3 BLADES
R/RP B/RP BETA TH/CHD

175020 53330350 64,000 23257

J«250009 D.399000 58.50 . 0e28JU7

N4320023  3.2930530 55402 1425552

3¢40C000 0.260000 48,002 0.21009

364450900 04246000 44,40 Ge1902)

2530000 24235000 41499 Fe1803)

2550000 2.228090 37.7723 Gel6IJ0

Je600I0S 04224000 34.80) 0.14500

3650000 D.222303 32.50; J41300)

2 T50000D  D.21700D 29,00 010003

3.85099) D.212009 26450 DeITHII

1.200000 ©.204000 23.590% 0.0309)
CENTERBODY GEOMETRY... LCB/C XCcs/C RMAX/LCB X(RMAX)/C

CONVERGENCE CRITERION.+.s EPSILON =35,0190u

DEFINITION OF SYMBOLS USED IN TABULAR OUTPUT...

R/RP RADIAL PROPELLER STATION IN FRACTION UF PROPELLER RADIUS
B/RP PROPELLER CHORD IN FRACTION OF PROPELLER RADIUS
BETA PROPELLER PITCH IN DEGREES
TH/CHD PRUPELLER BLADE THICKNESS-TO-CHORD RATIO
v FREE STREAM VELOCIETY
u TOTAL INFLOW VELOCITY
J ADVANCE RATIO
J! RATIO OF v TO PROPELLER TIP SPEED
GAM/V STRENGTH OF INTERNAL VORTEX CYLINDER N
ALPHA ANGLE OF ATTACK, DEGREES
DELTA P/Q RISE IN TOTAL PRESSURE ACROSS PROPELLER NORMALIZED
ON FREE STREAM DYNAMIC PRESSURE
CTP(D) THRUST COEFFICIENT UN PROPELLER IN THE DUCT
CTLtP) THRUST COEFFICIENT ON THE DUCT
cToP TOTAL THRUST COEFFICIENT
CTD(P)? THRUST COEFFICIENT ON DUCT INCLUDING PRESSURE THRUST ON
THE DUCT AFT Of THE PROPELLER
crop! TOTAL THRUST CUEFFICIENT INCLUDING PRESSURE THRUST
CNDP TOTAL NORMAL FORCE COEFFICIENT
CMDP TOTAL PITCHING MOMENT CUEFFICIENT

{a) Bell X-22A ducted propeller.
Figure 7.~ Sample output.
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RUN NUMBER 1009

SAMPLE CASE 1

QPN VD WN -2

DUCT...
0.5

c/0
25000

: Xe/C
1.286090 0.17003y

OPTIONAL OUTPUT

T/C

ees BELL X-22A DUCTED PROPELLER

RTE/RP
1.132003

PAGE

1

ese BETA(3/4)329 DEGREES

RCB/RP
0.175000

0.

AP/A
798231

EFFECTIVE CAMBER -D.040554 -D.123546 ~0.075738 -1.426365

0.000

R/RP
Je 22812
2.31920)
0038836
0.44669
J.49814
Je5447)
J.58758
3.62751
266504
N.73356
JeT73435
J.T76666
J.T19766
V.,82749
V.85628
J.88414
J.91114
2.93737
0.96288
J.98773

ALPHA J

( 4.08)
LYAY
2.0B796E-01
2.24891E-01
2.42306E-01
2.61317€-01
2.82151E-31
3.05032E-01
3.30199E-D1
3.57869E-01
3.88313E-01
4.21754E-01
4.58395E-91
4.98375E-01
5.41744E-01
5.88411E-01
6+38125E-01
6.90406E=-01
7.44598E-01
7.99848E-01
8.55179E-01
9.09743E=-01

8

G.10000

J.

UGD/V
5.23663€
5.33044E
5.42540E
5.52278E
5.62282E
5.72554€
5.83089E
5.93876E
6.04889E
6.16D98E
6.27481E
6.39017E
6453594E
6.62078E
6.T375TE
6.85087E
6.95638E
7.35912E
1.15662E
7.24777E

ITERATIONS,

(a)

Jd.D2888

00
3
090
th)
00
NI
I
00
09
00
09

09
03
00
00
00
39
00
990

J COS(A)
2.10000

UG/v
1.42872E
1.23518E
1.2058TE
1.17636E
1.14719E
1.11808E
1.08937E
1.06)77E
1.D03272€E 0D
1.00454E 0D
9.77391E-U1
9.50348E-D1
9.23912E-J1
8.97986E-.,1
8.72429E-71
B.47518E-21
8.23243E-31

D
1)
0o
30
110
oD
0o
Lo

7.99407E-01

T.76403E-)1
1.53845E-51

JtCOS(A)
U.J2888

{ 6.37)
ucs/v
5.405376E-01
3.75017E-91
2.86758E~-01
2031453E-01
1.93476E-D1
1.65756E-01
1.44616E~01
1.27958E~01
l.14493E-41
1.03385€~-01
9.40685€-02
8.61464E-02
T.93312€E-32
7.34095E~-02
6.82195€E-02
6.36364E-02
5.95621E-02
5.59186E-02
5.,26428E-02
4.96836E-D2

EPSILON = D.D10000

Continued,

Figure 7.- Continued.

GAMMA/RV
1.82966¢
2.09227¢€
2.29096E
2.45454E
2.50681E
2.40893E
2.32899E
2.27892E
2.24979E
2.23391¢
2.19695E

2.17241E

2.16097E
2.13735¢
2.10810€
2.G9190E
2.LGTODGE
2.::4197E
2.00963E
1,97441E

o0
(1 1¢]
00
v Jv]
09
Lo
0C
0
0J
e ]¥]
00
O
o
o0
G
D)
D9
v B
on
O
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‘RUN NUMBER 1000 PAGE 2
SAMPLE CASE [ ... BELL X-22A DUCTED PROPELLER +o. BETA(3/4)=29 DEGREES

DUCT... C/0D xe/C T/C RTE/RP RCB/RP AP/A
0.525000 0.286000 0.170000 1.102000 0.,175000 0.798231

ALPHA J J J COS(A) Jy'COStA)
0.000 0.10000 0.02888 0.10000 0.02888

INFLOW BLADE
N R/RP usv GAM/YV ALPHA DELTA p/Q
1 ).22812 8,22806E 00-5.35298E-01 1.12870E D1 6.04887E 01
2 1431920 8.25299E J20-3.83307E-01 1.43056E 01 6.91703€ 01
3 J.38836 8.44199E 00-3.33430E-01 1.42232E 01 7.57390€ 01
4 Je44669 B8.62658E D0-9.48361E-02 1.31372E D1 8.11472€E vl
5
6
4
8

* % & "

1049814 8.T4799E DU 1.78412E-J1 1.19394E 01 8,.28753E 901

V54471 8.,73259E 00 1.48369E-01 1.10174E 01 7.96392E 01

0.58758 8.73975E 30 9.42183€~02 1.01865E D1 7.69965E 01

0.62751 8.78313E 00 5.52901E-02 9.52116E %0 7.53412E 01
9 D.66504 8.85469E 20 3.02945E-02 9.0064DE DD 7.4378lE o1
10 0.70356 8.94585¢ 00 7.09063E-02 8.61084E 0D T7.38530€ 01
11 0473435 9.02441E 0 4.74073€E-02 8.18429E OO 7.26311lE Ol
12 0.76666 9.12106E 09 2.21891E-02 7.84249E GJ 7.18197t 0Ol
13 0.79766 9.23580E 20 4.59868E-02 7.57T33E 0D 7.14415E vl
14 0.82749 9.34240F 00 5.73186E~02 T.2964CE 00 7.06608E 01
15 D.85628 9.44943E 00 3.18934E-02 7,J2046E 0D 6.96937¢ J1
16 0.88414 9.,56927E D0 4,.33428E-02 6.80902E UD 6.91584E 01
17 0.91114 9.,67902E DU 5.57921€E-02 6,.59597E 00 6.84342E {1
18 D.93737 9.78178E 90 6.48346E-D2 6.37873E 0D 6.75075€ 01
19 J.96288 9.87603E XD 7.12116E-02 6,162158 OO0 6.64384E D1
23 2498773 9.96066E 90 7.14088E 00 5.94959E 00 6.,52739€ 01

Cre(o) CTD(P) cTo(P) ! crop cTop? CNoP CMDP

{A) S5.7580E 01 5.1231E 01 6.2755E 01 1.2881E D2 1.2034E 52 D.0CUQE-39 0.0000€-39
{B) 2.8327E-01 2.5204E-01 3.0873E-01 5.3531E-01 5.9200E-01 J.9900€-39 0.000DE~39

NOTES...
{A) COEFFICIENTS BASED UN FREE STREAM DYNAMIC PRESSURE
{B) COEFFICIENTS BASED ON PROPELLER TIP SPEED

- BLADE SECTION LIFT COEFFICIENT HAS EXCEEDED CLMAX
IN ANNULI NOS. 1 2 3 4

(a) Continued.

Figure 7.~ Continued.
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RUN NUMBER 1000

SAMPLE CASE I .o BELL X=-22A DUCTED PROPELLER ... BETA(3/4)=29 DEGREES

DUCT.se

ALIMUTH
PHI =

X/C
0.0000
0.2025
D.0050
0.0100
0.,0200
N.0300
0.0400
0.0500
0.1009
91500
00,2000
0.2500
0.2850
0.2870
0.3000
0.4000

- D,5000
0.6000
0.7000
G.8300
0.9000
0.9500
1.0009)

C/0

AL PHA J

0.000

/-

CP(IN)

-20536E
~2.135E
.‘208615
'207245
=2+ 444E
-2.214E
'2-0335
~1.851E€
-1.425E
~1.218E
-1.117€
-1.059¢€
-1.031E
~3.T68E
-3,685E
'20998E
-1.931E
-7.510E

1.,453E

2.062¢
-2.995¢

3.679E

6.62TE

PRESSURE

XP/C
0.525000 0.286000 0.170090

0.10000

CP(OUT)

02-2,536E
02-1.,905E
02-1.307¢
02-9.522¢
02-5.532¢
02-3,528E
02*2.4‘45
02-1.480E
02-2.4T6E

02
D2
N2
01
o1
01
01
01
00

02
02
02
02
01
01
01
21
90
00
00
00
0
o1

2.554E-D1
8.872&‘01
9.914E-01
9.998E-01
90999E'°l
9.998£~01
9.861E-01
9.005E-01
5.112€E-01
1.531E-01
5.,952E-01
9 19265‘31
9.944E-01
1.000€ 00

DUCT SURFACE PRESSURE DISTRIBUTION

T/C RTE/RP

J¢* J COStA)
0.02888 0.10000

RCB/RP

Jrcostia)
0.02888

COEFFICIENTS BASED ON FREE STREAM VELOCITY

(a) Concluded.

Figure 7.- Continued.

AP/ A

1.102000 0.175000 0.798231

PAGE

3
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RUN NUMBER 2002 PAGE O
SAMPLE CASE Il ... DOAK VZ=-4DA DUCTED FAN ... BETA(TIP)= 15 DEGREES

INPUT
DUCT GEUMETRY... c/0 xp/C T/C RTE/RP RCB/RP

CAMBER CUOEFFICIENTS, -U.u02748 -2.029679 -0.032916 0.036493
PROPELLER GEOMETRY... 8 BLADES

R/RP B/RP BETA TH/CHD
0332000 0.156090 48.00. 4190232
2.400006  J.155000 43.9% De15457
0.500000 0.152000 364,000 0.12009
V602000 0144200 30,00 D«109399
D.T00000 2.131000 25.923 0438420
J.800093  1.1170)0 20.800 06072355
9+900000 2.104000 17.500 0.0620)
1.000000 0.u91000 15.000 DS540

CENTERBODY GEOMETRY... LCB/C xcs/C RMAX/LCB X{RMAX)/C
2016000 ’0056100 0.11500 0029300

CONVERGENCE CRITERION«ss EPSILON =),21000

DEFINITION OF SYMBOLS USED IN TABULAR OUTPUT...

R/RP RADIAL PROPELLER STATION IN FRACTION OF PROPELLER RAUDIUS
B/RP PROPELLER CHORD IN FRACTION OF PROPELLER RADIUS

BETA PROPELLER PITCH IN DEGREES

TH/CHO PROPELLER BLADE THICKNESS-TO-CHURD RATIO

v FREE STREAM VELOGCITY

J TOTAL INFLOW VELOCITY

J ADVANCE RATIO

J?! RATIO OF v TO PROPELLER TIP SPEED

GAM/V STRENGTH OF INTERNAL VORTEX CYLINDER N

ALPHA ANGLE OF ATTACK, DEGREES

DELTA P/Q RISE IN TOTAL PRESSURE ACROSS PROPELLER NURMALIZED
ON FREE STREAM DYNAMIC PRESSURE

CTP{D) THRUST COEFFICIENT ON PROPELLER IN THE DUCT
cro(e) THRUST COEFFICIENY ON THE DUCT
cTop TOTAL THRUST CUEFFICIENT

CTD(P)? THRUST COEFFICIENT ON DUCT INCLUDING PRESSURE THRUST ON
THE DUCT AFT OF THE PROPELLER

crop! TOTAL THRUST COEFFICIENT INCLUDING PRESSURE THRUST
CNDP TUTAL NURMAL FORCE COEFFICIENT.
cmop TOTAL PITCHING MOMENT COEFFICIENT

(b) Doak VZ-4DA ducted fan.

Figure 7.~ Continued.
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RUN NUMBER 20%0 PAGE 1

SAMPLE CASE Il .+o DOAK VZ-4DA DUCTED FAN ... BETA(TIP)= 15 DEGREES

(A)
{8)

NOTES. .

1.1534E 01 8,9945E 30 1.U397E 01
2.0631E~U1 1.6089E-D1 1.8598E-D1

4

2.0528E Ol 2.1931E 01 2.7529E Gu 1l.14T74E Ov
3.6T19E-U1 3.9228E-91 4.9241E-(2

(A) COEFFICIENTS BASED ON FREE STREAM DYNAMIC PRESSURE

{(8)

COEFFICIENTS BASED ON PROPELLER TIP SPEED

(b) continued.

Figure 7.- Continued.

DUCT.es C/D xXp/C T/C RTE/RP RCB/RP AP/A
V608000 0.293000 0.160000 1.13100) 03.3320)0 J.695593
ALPHA J J¢ J COS(A) J*'COS(A}
20.200 017800 0.05910 d.16727 2.04708
INFLOW BLADE
N R/RP uzsyv GAM/YV ALPHA DELTA P/Q
1 036267 5.236T9E J0-1.35218E-01 8.25662E 3D 2.89134E D1
2 3441983 5,26TTTE Q0 3.1735TE-D2 T.92511E 9D 3.04128E D1
3 0446999 5.27579E 00 9.98359E~-02 7.29327€ 50 3.0)561E 01
4 D.51524 5.25198E 00 1.19916E-01 6.653T7TE 20 2.89533E 091
5 455680 5.22034E D) 1.723B3E-01 6.12156E 0D 2.T76551E J1
6 )e59545 5,16455E 00 1.52069€E~01 5.54300E HD 2.58393E 01
7 0.63174 5.12088E 00 1.76659E-01 5.12549E 0) 2.42868E U1
8 0.66604 5.06680E 0 2.05082E-01 4.70483E 00 2.25413E 51
9 ).69866 SNIDLBE 0D 1.6T746DE-D1 4.,26461E ) 2.35933E I
1D 3472982 4.95392E 20 1.84996E-)]1 3.93421E D 1.9065)E D1
11 D.75970 4.90029E 90 2.03283E-01 3.59579E 0 1.74419E D1
12 J.78845 4.83857€ 00 1.74513E-01 3.24839E 0 1.57372E 01
13 De81618 4.79220E 30 1.56123E-01 2.964J4E D 1.43398E 01
14 - J.84390 4.75555E J0 1.68195E-01 2.72148E &0 1.31412€ 01
15 J.86899 4.71342t 00 1.T9273E-01 2.47416E 3D 1.19045E 51
16 D.89423 4.,66602E U0 1.36541E-D1 2,22443E 50 1.06487E 01
17 J.91877 4.63838E 00 1.,27250E=-D1 2.D4616E 50 9.73527E 30
18 $.94268 4.61378E 00 1.33504E-0) 1.88825E 0 8.91761E 20
19 0.96599 4.58513E 00 1.,384776-01 1.72899E LD 8.09456E 29
20 D.98875 4.55222E DU 1.8TT24€E 00 1.57TD29E a0 7.27852E 09
cTPiD) cToiP) CTO(P)? cTopP crop CNDP CMOP

lelb)6E=-12
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RUN NUMBER 2303 OUCT SURFACE PRESSURE DISTRIBUTION PAGE 2

SAMPLE CASE Il ... DOAK VZ-4DA DUCTED FAN ... BETA(TIP)= 15 DEGREES

RCB/RP AP/A
0.332000 0.695593

RTE/RP
1.131003

DUCY¥... C/0D xp/C T/C
0.608000 0.293000 0.160000

J*'COS(A)
0.064708

J-COS(A)
d.16727

J?
0.05910

ALPHA J
20.990 0.17800

AZIMUTH

PHI = ———t

90.09 ———fme— 135.02 ~——f - 180.00

——f - ———f——

/=== J. 0 45.00

cPLINd
-2.59TE
'300’65
«3.553€
-3.520E
-3.328¢
‘3.1185
-209365
-2.T5)€

CPLOUT)
vl=-2.597€ Ol
01-1.613€ 01
0l-8.037€ 39
U1-4.420€ M)
01-1.,057¢ D0
01 1.957€-01
vl 6.936E-)1
J1 9.60.:E-01

CPLOUT)
91-3.126€ .1
01l-1.994E 21
01-1.351€ 21
01-6.107€ 0
J1-1.889E 29
01-2.230€-01
0l 4.923E-21
01 9.381E~J1

CPLIN)
-&+598E
~5.081E
~5.479E
-5.256E
~4.T4TE
~4.317E
~-3.978E
-3.642E

celiIng
-3.126E
-3.628E
-6.07IE
-3.991€
~3.715E
=3.446E
~3.222E
~2+995E

cP(ouT)
01-4.598E 01
01-3.072€ 01
01-1.776E C1
01-1.123€ ¢1
D1~4.655E Ju
01-1.823E 00
01-4.817€E-01
01 4.839E-Ul

cP{ouT)
01-6.346E sl
01-4.375€ 01
91-2.685E U1
01-1.784E sl
J1-8.491€E 1)
01-4.257€ 00
01-2.146E 39
01-5.382E-01

CP(IN)
~64346E
-6.775E
~T.098E
-6.TODE
-5.916E
-5.300E
-4.830E
~4.369E

CP{OUT)

a1
01
21
01
2
20
p v
Do

x/C
0.000)
0.0025
0.0052
0.0100
0.0202
0.030J
0.0400
0.050)

CPULIN)
-7.151€ D01-7.151E
-T7.54TE 01-4.980E
-7.831E 01-3.116E
-T.351E 01-2.1D1E
-6.440E J1-1.039E
-5.740€ 01-5.510E
-5.210E 91-3.038E
~4.693E J1-1.128E

0.100)
9.1502
0.2000
0.2500
D.2929
0.294)
0.3000
040090
0.500)
0.6900
0.7002
0.8000
2.9200
2.9500
1.0000

=3.484E 01
-2.883E Nl
-2.525E 01
-2.247€ U1
-2.053€ 91
-1.4L3E Q1
-1.375E 01
-9.965E D
-6.710E .3
-4.091E 00
-2.156E JD
-1.196E 00
~T.532E-21

2.597€E-31

T.427€E Q0

8 .448E-01
9.920E-01
8.816E-01
7.867€E-01
T .497E-91
T.372E-01
7.353E-31
6.813E-J1
5.929E-01
4.139E-01
2.850E-C1
3.668E-01
5.95%E-21
5.884€E-01
1.000E 20

PRESSURE COEFFICIENTS

-3.281F
-2.T34E
-2.408E
-2.152€
-1.972€
~14323E
~-1.297€
~-9.407E
-6.312€
-3.800E
-1.943€ 09
-1.339€ 09
~6.440E-01

3.413E-01

T.427E 00

91
01
o1
01
o1
o1
o1
00
0)
00

1.017€ J)
1.059€ o0
9.170&~-31
8.165E~71
7.718E~-21
T.679€~-01
T.668E-(1
T.177€E-01
6.286E‘§1
4.4765-01
3.189E-31
4.046E-21
6.372E-C1
6.292€6-01
1.990E 9D

BASED ON FREE STREAM

~2.826E
~2.401E
~2.14TE
-l.941€
-1.793€
-101‘65
~1.123€
-802035
=5.474E
-3.207e 00
-1.527€ 00
-T.485E-01
-4,589E-01

4.67T1€E-01

T.427€ 00

0l
01
01
o1
o1
01
n
00
2

VELOCITY

1.181€ vo
1.023€ 00
8.311€-G1
T7.329€-v1l
T.0UBE-01
6.962E-01
6.987€-C1
6.T77E-01
5.996E-0C1
4.232€-01
3.334E-01
4.0T2E-C1
6.595E-C1
6.560E-01
1.000€ 9D

(b) Concluded.

Figure 7.~ Concluded.

ul
o1
1
01
91
00
)
22
0)

~2.%21E
'2-1065
~1.918E
~1.758E
-1.639E
-9.936E
-9.742E
~7.200¢
-4.810E
-2.T69E 00
-1.252¢ 0)
~5.84JE-01
=3.849E-21
4.929€-01

T.427€ 00

9.874E-01
7.083E-D1
5.029€-01
4.296E-31
4.236E-01
4.185€-01
4.264E-51
4.569E-)1
4.J80€E-)1
2.493E-01
1.503E-J1
2.845€E-01
5.T4,7E-01
5.816E-01
1.00)€ 55

ol
o1
J1
ol
vl
0l
95
2)
09

-2.26’E
-1.995E
-10'325
=1.690CE
-1.582E
-9.377€
~9.196E€
~6e844E
-4.585E
=2.633E Cv
-1.178€ 02
-5.527€-01
~3.867€E-D1
4.T727€-01
T.427€ 00

8.022€-01
4.967€-01
2.96E~J1
2.396E-v1
2.484E~D1
24431E-31
2.538E-01
3.124E-)1
2.809€E-21
1.336E-21
4.663E-02
1.979€-01
S.314E-01
5.211€-01
1.J02%E 9%
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Theory
Experiment, ref. 13
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Figure 8.- Measured and predicted total thrust coefficient
on the Bell X-22A ducted propeller in axial flow.
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(a) Total thrust coefficient.
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Figure 9.- Measured and' predicted aerodynamic coeff1c1ents
on the Doak VZ-4DA ducted fan, Btlp = 15°
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Theo:y\.

J =] O.Q/Lk ——— — Expe;iment, ref. 14
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(b) Normal force coefficient.

Figure 9.~ Continued.

80

90



[4A)

5
P

pnZD

C
Yop
>
N

-0.1

——— Theory l
— ——=—=  Experiment, ref. 14
O J = 0.11
O .17 '
O .35 }s
; —~—
///P ~b
id PO
L 4 f
~
£>/ /<'>
// -~ !
Z
=
\~ J = 0.62
n // / — —— -—c 0.35
/- [—— ] 0.17
" _— 0.11
0 10 20 30 40 50 60 70 80 90
a, deg.

(c) Pitching moment coefficient.

Figure

9.~ Concluded.
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[ Experiment, ref. 4
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Figure 10.- Measured and predicted pressure
distribution on the Doak duct at
a = 09, J= 0.342.
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=20
Experiment, ref. 4
18 O Inner surface
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-16
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x/c
(a) ¢ = 09,

Figure ll.- Measured and predicted pressure
distribution on the Doak duct at
a = 209, g = 0.342,
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(b) ¢ = 180°.

Figure 11l.~- Concluded.

125



N 1

Experiment, ref. 4
O Inner surface
O oOuter surface

Theory

=70

(a) ¢ = 0°.
Figure 12.- Measured and predicted pressure
distribution on the Doak duct at
a = 20°, J=0.178.
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(b) ¢ = 180°,

Figure 12.- Concluded.
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