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COMPUTER PROGRAM FOR DESIGN OF

MULTISTAGE AXIAL-FLOW COMPRESSORS

by
A. C. Bryans and M. L. Miller

ABSTRACT

A compressor design program was developed based on simple-radial-
equilibrium design philosophy with constant efficiency radially. The pro-
gram was developed specifically for the determination of the flow path for
a given overall pressure ratio or number of stages by specifying the tip
axial velocity ratio across each blade row and initial blade row aspect
ratio. Energy addition at the rotor tip is specified through rotor tip
diffusion factor. The variation of energy addition radially is arbitrary.
The rotor tip diffusion factor is reduced if limit values are exceeded on
stator hub Mach number, stator hub diffusion factor, and rotor relative
exit hub flow angle. Blade row aspect ratio is reduced if limit values
are exceeded on hub and tip ramp angles.
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COMPUTER PROGRAM FOR DESIGN OF
MULTISTAGE AXIAL-FLOW COMPRESSORS

by

A, C, Bryans and M, L, Miller

SUMMARY

This technical report contains the development of the compressor design
program based on simple-radial-equilibrium design philosophy with constant
efficiency radially. A detailed description is given of this compressor de-
sign program and its capabilities,

The program logic is developed in detail in the System of Equations
(Appendix A) and in the Flow Charts (Appendix C). Sections indicated in
Appendices A and C are cross referenced through Roman numerals. The
FORTRAN listing of the computer program is given in Appendix B which is
also cross referenced with the Flow Charts through statement numbers.

The input format is described in Appendix D, There are two types of
input format available for the user. One option is a "Standard" format and
the other option is a '""Namelist" format which permits minimum amount of
data for either one or more compressor problems. It should be noted that
the reading of input data is generally the major portion of the machine time
for a single compressor problem,

Two sample problems, which show the output format, are given in
Appendix E. The first sample problem is a free vortex case and the second
problem is a nonfree vortex case in the first stage. Two input data listings
are also shown in Appendix E. The listing on page E-1 is for the two sample
problems and is in the Namelist format. The listing on page E-2 is the
Standard format for the free vortex sample problem.

INTRODUCTION

The work reported herein was performed under contract NAS3-7277 for
the NASA-Lewis Research Center to devise a compressor design computer
program for making a parametric compressor study on advanced multistage
axial-flow compressors. The purpose of this study is to examine a wide
range of design parameters to determine their effects and indicate signifi-
cant areas for study and research to increase average stage pressure ratio
and reduce compressor length,
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To obtain the effects of the design parameters on average stage pres-
sure ratio and compressor length, it was necessary to devise a compressor
design program to cornpute the flow path for arbitrary specified conditions.
Since the effects of stngaml® = curvature or radial velocity are not well de-
fined for state-of-the-.. . compressor design technology, the simple-radial-
equilibrium design philosophy was selected. Constant efficiency radially
was also selected as the type of blading required for the high loadings to be
investigated and their element losses are not known,

Additional requirements of this design program to accomplish the objec-
tive are:

1. Energy addition is to be determined through rotor tip diffusion
factor and is to be reduced from an initial value if stator hub
diffusion factor, stator hub Mach number, or rotor relative hub
exit flow angle exceed specified limits,

2. Blade row axial length is to be determined through blade aspect
ratio which will be increased by reducing aspect ratio when hub
and tip ramp angle have attained their specified limit values
before continuity has been satisfied.

3. The flow path will be computed until either a specified overall
pressure ratio or maximum number of stages has been exceeded.

This compressor design program can be used for obtaining compressor
results over a range of design parameters within the scope of design philos-
ophy selected.



SYMBOLS

Note: The primary symbols are illustrated schematically in Figure 1,

a sonic velocity, ft/sec
A annulus area, i.n.2
AR aspect ratio
b blade row axial length, in,
B,C,D,E constants in tangential velocity equation
Cp constant pressure specific heat, BTU/lby-°R
D diffusion factor
F blade force, lbs/lbpy,
o gravitational constant, ft-lbmllbf- sec?
H enthalpy, BTU/lbp,
J mechanical equivalent of heat, ft-lbg/BTU
L compressor length, in,
M Mach number
M molecular weight, lbm/mole
n stage number
N number of stages
P pressure, lbfli.n.2
Q heat transfer rate, BTU/lb_,-sec
R radius, in.
Re total pressure ratio



R,8,z cylindrical céordinates

R universal gas constant, 1545, 4 ft-1bg/mole-°R
R gas constant, ft-lbg/l1b_ -°R
S entropy, BTU/lb, -°R

T temperature, °R

TR total temperature ratio

t time, sec

U wheel speed, ft/sec

\Y gas velocity, ft/sec

w flow rate, lb,,/sec

Z loss parameter

Greek

a ramp angle, degrees

B flow angle, degrees

Y ratio of specific heats

€ weight flow convergence tolerance
8* blockage factor

Mad adiabatic efficiency

7o polytropic efficiency

w angular velocity, rad/sec
@ loss coefficient

P gas density, lbm/f'c3

o solidity (chord/spacing)



Subscripts

e effective
f fractional
geometric
H hub
i initial
id ideal
L limit
m streamline number
n stage number
N number of streamlines and number of stages
ov overall and cumulative
R rotor, radial direction, or ratio
S stator and stage
t total
T tip
z axial direction
1 rotor inlet
2 stator inlet
3 stator outlet
0 tangential direction
Superscript

' relative value
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Figure 1. Schematic presentation of symbols.



AXIAL-FLOW COMPRESSOR DESIGN PROGRAM
PROGRAM DESCRIPTION
The basic equations of motion which govern the three-dimensional flow
of an inviscid compressible gas through a turbomachine have been derived in

many reports such as Reference 1.

The pertinent equations for steady axisymmetric flow in cylindrical co-
ordinates are:

Continuity Equation

3(PRVER) 1 d(PVy) 3(PV,)
L LA . . Z -0 (1)
R 3 R R Q34 dz -

Radial Equation of Motion

3H, 3s XQ 3(RVp)
gCJ—r FR+gcJT-5-— aR
oV, dVy
+ Vz(aa " T3z ) (2)
Circumferential Equation of Motion
1 d(RVE) J(RVg)
0=cho"ﬁ[VR—BR_+VZ_az_L] (3
Axial Equation of Motion
o Hy 98 Vg J(RVy)
Bl 3z B Fe t EIT 5 TR Ty
3v, aVgy
" VR |JR T 32 @

Energy Equation

DH, o D (RVp)
D QT 57 Dt (5)



V,,

Gradient of Entropy

DS . Q (6)

Dt T

Condition of Integrability

3 F, _ b} Fr
3R \RF,/ ~ 3z \RF, 7
Equations (1) through (7) relate eight unknowns in FR, FB’ F,, VR, Vg ,
S. and H,.
t .

The compressor design analysis considered for this study is referred to

as the simple-radial-equilibrium solution without entropy gradient. The
simplifying assumptions to be made are.

1. Only stations between blade rows are considered; therefore, FR,
Fﬂ and F, are zero,

2. Heat transfer is zero; therefore, Q is zero.

3. Consideration need be given only to the radial equation of
motion,

4, OSBR =0
5. OVR/dz = 0; therefore, streamline curvature is ignored.

With these assumptions, Equations (3), (4), (6), and (7) are eliminated,

Equation (1) is then rewritten for convenience as

RT
w =27 f  pv,RdR (8)
Ry

and Equations {2) and (5) become

o Hy _ ZQ 3(RVy) v v,

8 SR ° ® 3R z 3R (9)

g.J AH; = wA(RVy) (10)



The usual method in the solution of this set of equations is to specify an
efficiency or total pressure loss, flow path geometry, and energy addition
through total enthalpy change or exit tangential velocity. With the blade row
inlet conditions known, the exit velocity conditions are then determined iter-
atively through Equations (8) and (9).

The primary objective of this compressor design program, however, is
to determine the flow path of the compressor for a given overall pressure
ratio, The secondary objective is that resultant aerodynamic parameters
(defined as stator hub Mach number, rotor relative hub exit flow angle, and
stator hub diffusion factor) must be less than or equal to a specified value
and that blade aspect ratio is equal to or less than an initial value as re-
quired by specified limit values of hub and tip ramp angle.

To accomplish this objective, it is required that energy addition be de-
termined through rotor tip diffusion factor, axial velocity ratio at the tip,
and a specified form for tangential velocity distribution. Once the energy
addition has been determined, the blade row exit annulus area is determined.
With appropriate hierarchy established on the limit ramp angle, the exit
annulus area can be located radially and the aerodynamic parameter values
calculated. If the aerodynamic parameter limits are exceeded, the rotor tip
diffusion factor must be reduced to lower the aerodynamic parameter values,

The detailed procedure to accomplish the aforementioned objectives and
the development of the program logic to computerize this compressor de-
sign analysis are discussed in the following subsection. A detailed summary
of the step-by-step calculation is given in Appendix A.

DEVELOPMENT OF PROGRAM LOGIC

Rotor tip diffusion factor and tip axial velocity ratio are two parameters
exerting a controlling influence on stage configuration. For the case of a
rotor of defined tip solidity having inlet and outlet radii, these two param-
eters define stage energy addition. Under these restricted conditions, the
equation for diffusion factor at the rotor tip may be resolved to give outlet
absolute tangential velocity and from this energy addition is obtained.

The method of rewriting the equation for diffusion factor in the form of a
quadratic in V g is developed in Appendix A,



1 .
v 2 {Upo +
612 2(1 . 12 ) ( 2"R'r).
2 1
9q
- 14 (U +
(Tz ZO'RT) 1 - 1
402RT
1/2
- 4(V222 + UT22 - qz) (11)
where
' 1
q = (1-DRy) Vg + 3 (Ury - Vg1 - Ur2) (12)
TRT

As always, in the case of a quadratic, certain restrictions in the selection of
roots must be recognized. These restrictions are emphasized at appropriate
places in this report.

The absolute tangential velocity at the rotor exit is defined by the non-
linear functional relationship:

B 2
Voo = 'ﬁ-z- +C+ DR2 + ER2 (13)

where B, C, D, and E are constant coefficients. To use this expression for
the radial evaluation of tangential velocity, some arbitrary method of deter-
mining the coefficients must be adopted since only one boundary condition
(i.e., at the tip) is known. It was decided to set values for the usually less
prominent coefficients C, D, and E and compute a value for B, This decision
was influenced by the fact that assigning a value of zero to C, D, and E re-
sults in a ''free-vortex'' type velocity distribution.

The radial profile of axial velocity may be obtained by substituting
Equation (13) into Equation (9) and integrating the resulting function with re-
spect to R.

Rewriting Equation (9) as

3V, d3H; V5 3(RVy)
V2 3R " & IR "R IR

10



or

v 2 3T, avy?  2v,?
- _%% VY
SR 287 % 3R 3R R (14)

Squaring Equation (13) and differentiating gives

3,2 2B  2BC , 0
—% - . - + 2 (BE + CD) + 2 (2CE + D°)R
3R R R?

2 2

+ 6DER? + 4EZ2R3 (15)

Squaring Equation (13) and multiplying by 2/R gives

zv{,,2 282  4BC 2 (2BD + C?)
= 7T + 5+ + 4 (BE + CD)
R R R R
+ 2 (2CE + D2)R + 4DER? + 2E2R3 (16)

Substituting Equations (15) and (16) into Equation (14) and integrating gives

VS = 280y Ty + 21?:’ - (4 BD+ 2C% logR - 6 (BE + CD) R
- (4CE + 2D%) R? 1_3(3 DERS3 - % B2Rr?+ K (1mn

where K is a constant of integration, the value of which may be established
by the boundary conditions.

The program commences by defining conditions at the rotor inlet: hub/tip
radius ratio, tip speed, tip axial velocity, blockage factors, and the absolute
tangential velocity distribution, Assuming stagnation pressure and tempera-
ture uniform radially, the axial velocity distribution is determined by inte-
grating the radial equilibrium equation. The mass flow is determined by in-
tegrating the flow derivative in the radial direction. Having determined the
axial velocity distribution at the rotor inlet, all other aerodynamic quantities
may be readily calculated.

To determine rotor outlet conditions, values must be assigned to the
rotor tip diffusion factor and tip axial velocity ratio. Further, to define the
axial location of the rotor exit station, an "aspect ratio" is required. This
"aspect ratio' is interpreted as the result of dividing the difference of the

11



geometric tip and hub radii at the rotor inlet station by the axial projected
distance between inlet and exit stations. To account for nonisentropic com-
pression, a rotor polytropic efficiency is required. This is assumed con-
stant radially, '

The rotor outlet conditions are arrived at by an iterative procedure which
commences by setting the geometric exit hub and tip radii equal to the inlet.
From the rotor tip diffusion factor, tip solidity, blockage factors and axial
velocity ratio, the tip absolute tangential velocity is established and from
this boundary condition, the tangential velocity distribution across the
annulus may be established. The energy transfer and stagnation pressure
rise may now be calculated.

Since all the radial variables in the equilibrium equation are now known,
this equation may be numerically integrated and, from the boundary condi-
tion of a defined tip axial velocity, a constant of integration evaluated. This
results in an axial velocity distribution across the annulus at the rotor exit
station. From the radial distribution of axial velocity, the rate of change of
flow with respect to radius may be established and integrated numerically to
give the flow through the rotor exit station. If this flow does not equal the
rotor inlet flow, the hub radius is increased (or reduced) and the calculation
repeated until convergence occurs.

Once the calculation converges on mass flow, the rotor hub ramp angle
is calculated and checked against an assigned limit, If the hub ramp angle
violates the assigned limit, then the rotor geometric exit hub radius is set at
a value for which the limit is attained, and the rotor geometric exit tip radius
reduced to the point which satisfies the flow requirements. Should the reduc-
tion of the rotor exit tip radius cause a violation of the assigned tip ramp
angle limit, then the "aspect ratio" is reduced and the calculation repeated
until continuity of flow is obtained.

Having satisfied ramp angle tests and continuity of flow, the program ,
now tests the absolute Mach number and relative flow angle at the exit of the
rotor hub, If either of these parameters (in this stated order) violates its
assigned limit, the program reduces the rotor tip diffusion factor and re-
peats the calculation until these limit tests are satisfied,

The calculation now proceeds to establish stator exit conditions. To de-
termine the stator exit annulus, the coefficients in the polynomial, as defined
by Equation (13), defining absolute tangential velocity at the stator exit are
required. A polytropic stage efficiency, stator hub solidity, blockage factors,
tip axial velocity ratio, and aspect ratio are also required.

The stator exit calculations for satisfying continuity commence similar

to those for the rotor by setting the exit geometric hub and tip radius equal
to the inlet values. The hub and tip ramp angles are then tested in the same

12



order as for the rotor and the aspect ratio relaxed if necessary to satisfy the
geometric limits., When the assigned geometric limits have been satisfied,
the stator hub diffusion factor is checked against its assigned limit. If this
limit is vioclated, the rotor tip diffusion factor is reduced and the calculation
repeated for the current stage.

When a stage configuration, satisfying all limits, is achieved, the pres-
sure ratio and energy addition are mass averaged to give stage performance,
Successive stages are added until some predetermined limit in overall pres-
sure ratio is achieved. If the limit in overall pressure cannot be exceeded
in a predetermined maximum number of stages, the calculation is terminated
and the values calculated up to this point printed out,

The logic of the program is restricted to consider only tip radii at any
station which is equal to, or less than, the inlet blade tip radii. Positive tip
ramp angles cannot occur,

This design program has been extensively used in a parametric com-
pressor study of advanced multistage axial-flow compressors reported in
Reference 2,

PROGRAM RESTRICTIONS

It has been pointed out already that the expression for the absolute tan-
gential velocity is in the form of a quadratic and subject to restrictions on
the choice of roots. It is incumbent on the user, when defining the absolute
tangential velocity through the use of the polynomial coefficients, that rational
input values for the coefficients be used since only restricted levels satisfy
the equation of continuity.

A further restriction applies to defining the input level of rotor tip dif-
fusion factor. If a maximum level is exceeded, both roots are complex and
the physical meaning is lost. The program has error messages imbedded in
the logic so that this condition may be readily identified.

The maximum level of rotor tip diffusion factor for the inlet flow condi-
tions, tip speed, axial velocity ratio, and solidity can be easily established,
The diffusion factor is

(18)

13



or

1
Vo (Uy - Vgq) - V,q tanB,

DR =1- l (19)

) r 4+ 1
COSﬁz,Vl 20’V1

Since with established inlet conditions and V,5 the rotor diffusion factor is
dependent only on Véz or ﬂ'z, Equation (19) can be solved for its maximum
value. Upon differentiating

d (Dg) V2 o0 Vao 1
T T T T . sing, - , 3
dﬁz cos Bz Vl 20’V1 cos ﬁz

Setting the right hand side to zero and solving forﬁ'z, it is found that

ﬁ'z max - arc sin (— ::;-;) (20)

and that DR is at its maximum value. Substitution of Equation (20) into
Equation (19) yields

Vg2
(Ul - Val) + Z
Vz2 2 _
DR ax =1 - J—_ + kil 1 (21)
m 2 t
40° -

14
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The system of equations given herein defines a method for the aerodynamic design of

multistage, axial-flow compressors.

such parameters as:

The resulting designs satisfy prescribed limits on

® Rotor hub relative outlet flow angle.
® Stator hub inlet Mach number.

® Stator hub diffusion factor.
® Hub and tip ramp angles.

As a basis for calculation, the following simplifying assumptions are made:

@ The working fluid is a perfect gas with constant specific heat.

® The flow is axisymmetric, steady, and radially isentropic,

® The effect of streamline curvature is neglected,

Roman numerals are used to define each section of the calculation., These in turn

appear on the FORTRAN source deck listing (Appendix B) and on the logical flow chart

(Appendix C).

SECTION I

At the inlet of the compressor the following quantities are known:

Specific heat at constant pressure

p
Equivalent molecular weight M
Ratio of specific heats Y
Inlet total pressure Py
Inlet total temperature Ty
Inlet tip radius RTli
Inlet tip speed Urqi
Inlet hub/tip radius ratio (Ryy/Rp)y;
Inlet axial velocity at tip val i
Blockage factor at tip *

g 8T1
Blockage factor at hub 5*

H1

Number of radial stations used N
Coefficients in absolute tangential velocity equation Bl‘ C 1 Dl‘ E1

A-1-Q



At each successive stage in the compressor the following quantities are known,

Axial velocity ratio at rotor tip (VorolVyry)
Rotor polytropic efficiency PR
Rotor tip solidity ORT
Rotor aspect ratio ARp
Blockage factor at tip—rotor outlet 8; 9
Blockage factor at hub—rotor outlet 8;2
Ramp angle limit, rotor hub SpHL
Ramp angle limit, rotor tip SR TL
Stage energy addition, either

Rotor tip diffusion factor and DgrT

coefficients in absolute tangential velocity at rotor outlet Cq, Dy, Eq
o Coefficignts in absolute tangential velocity at rotor outlet B,, C,, D,, E2
Axial velocity ratio at stator tip (V,r3/Vyro)
Stage polytropic efficiency Tps
Stator hub solidity oSy
Stator aspect ratio ARg
Blockage factor at tip— stator outlet 8'1‘ 3
Blockage factor at hub— sta'tor outlet 8;‘_}3
Ramp angle limit, stator hub SSHL
Ramp angle limit, stator tip agTL,
Limiting stator hub diffusion factor Dg,
Limiting stator hub Mach number Mg,
Limiting relative air angle at rotor hub (outlet) BIZHL

Coefficients in absolute tangential velocity equation, stator outlet B3, C3, D3, Ej3
SECTION I1

Set the rotor inlet tip radius equal to the initial value.



Rpy = Rpyg
Calculate the gas constant,

R” = 1545.4/#M

The stagnation density is

) 144.0 Py
1 =
Ry T

The rotor hub geometric radius is

(RH)
R = R —
H1 T1 RT 1

The rotor tip effective radius is

. . 1/2
) % o 2 w0 o 2
Ry, 1 = %STI Rpy + (1 -879) RH1§

The rotor hub effective radius is

RN~ asm RH? v - 8H;k) RT?& e
where blockage is defined as

(1- 38, (RTZ ; RHZ) z (RTZ - Rp)
and

(1- 8y (Rp2 - RyD) = (Ry? - Ry
such that

Rrg
Wz 2w (B ¢ By - 1) / PV_RdR
Ryg



The axial velocity at the rotor tip may be used to evaluate the constant of integration
in Equation (17).

- 2
Ky = Vip, - 2B CI/R1’1+2(2 B, D, + C)) logRl'l

2. 2
+6(ByE,+Cy DRy ;+2(2C) E;  +D)) Ry,

+ [(10/3) D, El] R?,l + [(3/2) Ef] R‘li, 1 - 28d ey Ty

Since the compressor inlet total temperature is assumed radially constant the 2 g.J ¢
term in the foregoing equation may be ignored.

p Tt

The inlet axial velocity and blade speed at the rotor tip are set to their initial value

Va1 7 VeTu

and

Upry = Urii

SECTION III

The annulus at the rotor inlet is subdivided into N concentric rings of equal height,
giving N+1 reference radii. At each of these radii compute the axial velocity using

Equation (17) and the constant of integration from Section II. The following equations are
evaluated from m = 2 tom = N,

Reference radii

Ri,1 " RN

Rl,m = Rl,rn-l - (N_l)

Axial velocity

: ] 2
Vor,m = (2By C/Ry - 2(2B; Dy + CDlog Ry oy

2

2
- G(Bl E1+ C1 Dl) Rl,m -2(2 C1 E +D1) Rl,m

1

- [t10/3) Dy By) R} 1, - [(372) BT ]RY 1 K1)1/2



SECTION IV

Calculate the conditions at the rotor inlet by executing the following steps from m

tom = N,

Rotor blade speed

Urii
Uim = Bi,m
Ry

Absolute tangential velocity

By

2 — 2
Vor,m = 3, Y CitDi Ry By Ry
1, m
Absolute velocity
1/2
- 2 2
vl,m - (Vzl,m+V01,m>
Static density
o2 1/(r-1
p P 1.0 1, m
1,m -~ Tt1,m \**V ° )
28,7 Cph Ty

Absolute air angle

v
B = tan ! (———01' m)
L,m Vzl,m

Relative air angle

' 1 (%Lm Ve, m
ﬁl,m T e Vzi, m

Relative velocity

V' Vzl,m
s ——lpe I
1,m cos 8

1



Relative Mach number

M Vl, m
I,m
v\
g. 7 Rm Tti -3 2. c
Absolute Mach number
Vl, m
M =
1, m V? 1/2
i,m
{a -
Sc 7 Rm Thi "
2 gCJ p
Axial Mach number
M Vzl, m
Zl, m 72 1/2
'z1, m
g ¥ Ry Ty - =22
¢ m 2 gCJ cp

Set the total temperature and pressure at each radial station equal to the value at the
inlet.

Ttt,m = Tu
Pii,m = Py
SECTION V

Summate the weight flow across the annulus at the inlet of the first rotor,

N-1
2 2
o Z 7 Bi,m " R1L,mt) (PL,m Vzi,m * P, m+1 Va1, me1)
1 144.0 2.0
m=1

This completes the calculations for the inlet of the first rotor, Before proceeding to the

rotor outlet calculation, set each of the ramp angles to zero,

gt ° 0.0

RH = 0.0



0.0
SH = 0,0

and save initial values of aspect ratio and the B coefficient in the polynomial for tangential

velocity.
ARSi = ARS
Bas = Bg
SECTION VI

The absolute tangential velocity at the rotor outlet tip may be explicitly defined as a
polynomial function of Rg, or implicitly defined through the rotor tip diffusion factor,
Drr. If DRt is not given, go to Section VII.

If Dr is given the B coefficient in the function for absolute tangential velocity is

evaluated as follows. Determine the axial distance between rotor inlet and rotor outlet.
o Rri = Rm
R ARp
Calculate rotor outlet tip radius,

Rpg = Rqy + bgtanepq

axial velocity,

_ vaZ
Vorz = Vari

VaT1

and blade speed,

" n (UTli)
= Rpg
T2 T2 \Rp13

The diffusion factor at the rotor tip is given by

1 t t
b - 10 Vrz | Vor1 - VoT2
RT ~ ** - ' 2 o

V11 “rr v

t
T1



or

1
Vpy  Ugy - Vgpy - Upg + Vgpg
D = 1,0 - +

RT Vg 20pT Viry

This may be rearranged as

vl . o2 [(1 0 DoV 4 UTI'VOTI'UT2]
T2 ~ YT VYRT VT
20pr 1 20pr
or as
1
Vi = RVgo, + Q (A-1)
where
1
R =
ZURT
and
, Ury - Vg1 - Upe
Q = (1.0 - DRT) VT]. +
now
' 2 2 1/2
Vg = [(UTZ - VGTZ) + Vsz] (A-2)

Squaring and equating (A-1) and (A-2) results in
2 2 2 _ 2.2 2
Urg - 2Upy Vgro t Vgro + Vare = RO Vipo + 2QR Vg +Q

which reduces to

- 2 2 .2
w2 [ 2 (Upg + RQ)] v [Vsz + Uty -Q ]_
T2 1,0-Rr% ] T2 1.0 - R
or
vi 4+ sv T = 0
62,1 62,1 * = (A-3)



where

-2 (Upg + RQ)

1.0 - R®

and

2 2 2
ViT2 * Uto - Q

1.0 - R2

The absolute tangential velocity at the rotor tip may be obtained by solving Equation
(A-3).

s-Vs2-aT

Vyme =
T2 5

The calculation is restricted to positive real roots. The coefficient By is given by

) 2 3
By = Rpy Vgrg - Cg Rpg - Dy Rpg - Eg Ry

Go to Section VI,
SECTION VII

Determine the axial distance between rotor inlet and rotor outlet.

. Rty - Ry
R =
ARR

Calculate rotor outlet tip radius,

RT2 = RTI + bR tan aRT

axial velocity,

Va2
Vore © Vari

VaT1

and blade speed at geometric tip radii

Urii
Urg = Rpg

Rryg




SECTION VIII
Set axial velocity at effective tip radii
Vaz2,1 = Vor2
At the rotor exit station calculate the following,
Geometric hub radius

RH2 = RHI + bR tanaRH

Effective tip radius

. o . g 12
Ry 1 = §812 Rp+ (1-8p5) Ripy

Effective hub radius

ES 2 ok 2 1/2
Ry N = {8H2 Ry + (1-3y) RTZ}

Geometric annulus area

) 2 2
Agg = % (Rpp - Rypy)
Effective annulus area
) 2 2
Age = " (Ry 1 - Ry )

Blade speed at effective tip radii

u " (UTli)
2,1 ° %21 .
RT11

Absolute tangential velocity at effective tip radii
By 2
Vo2,1 * R, , T2 P2 Ryt B2 Ry

Total temperature at effective tip radii

(Ua, 1 Vge,1-U1,1Vg1,1)
gCJ c

T = T

t2,1 t1,1

P
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and the constant of integration, K9, for the axial velocity equation is

K., = v2

2
9 2T2 " +2(2B, D, + Cy) log R2,1

2 B, 02/122,1

2 2
+6(B2E2+C2D2)R21+2(202E2+D2)R2,1
+ {(10/3) D, E,| RS . +[(3/2) E2]34 - 2gJc. T
2 ®2| R2 2]%2,1 BcY ©p 12,1
SECTION IX

The annulus at the rotor exit is subdivided into N concentric rings of equal height,
giving N+1 reference radii, At each of these radii, compute the blade speed, absolute
tangential velocity, total temperature, and axial velocity. The following steps are exe-

cuted for m = 2, N,

. - R2,1- Rz N
2,m 2,m-1 (N'l)
U R (UTli)
2,m ° "2 m
Ry
Bo 9
Voo,m = {_  * Cat Dy Ry nt B3Ry
2, m
- - U2,mV02,m'U1,mv01,m
+
t2, m tl, m gcJ Cp
2
sz,m = 32 B, C2/R2,m - 2(2 B, D, + Cy) log R2,m
2. 2
- 6 (B4 E5 + Cy Dy) Ry m - 2(2Cy Ey + Dy) Ry m
3 274 1/2
SECTION X

At the rotor exit station, the following functions are evaluated for m = 1, N,

Total pressure

- 1R (V/(7-1))
p - p ( t2,m)
t2, m thm \1,,
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Total density

144, 0 Ptz’ m

P =
t2, m
R m Tt2, m

Absolute velocity

2 g 112
Vom = (V22,m + V02,m)

Static density

2 1/(r-1)

V2,m

P 1.0 -

= p
2, m t2, m
2 gcJ cp Tt2,m

Absolute air angle

Vo2, m
ﬁ2 m = tan'l (-——-—’——)
’ VZZ, m

Relative air angle

Relative velocity

Vz2,m

2, m cos ﬁ'z m
Diffusion factor

Vo m [(Ul,m “Voi,m)” (U2, m - VﬂZ,r{D] (R + Ryg)
DR,m =1,0 - +

1] ]
Vi,m Z2opT Vi, m Ri,m* R, m)

Static temperature

2

Vv
2,
T - Tt2 m —
’ 2 gCJ Cp

Sonic velocity

1/2

a2, m (gc L4 a’\m T2, m)



Absolute Mach number

V2,m

M =
2,m
a2, m

Ideal relative total pressure ratio

ri [1 0 (—-—l’m) vl
Bh, . = {104 —25 Rym/ J 2™
Rt,m 1d - * V’2 - V2
R T + 1,m 1,m
ge m| -tl,m 2 gCJ cp J
Loss coefficient
(Pt2,m

P
1.0 - —=tam iy

(Tt2, m)
Ttl, m

-— 1
[0) =
Rm = Prim) 1.0 YI(r-1)
1.0 - y-1
1.0 +—— M'2
| 2 i, m ]

Relative Mach number

V2,m

2,m az’m

Axial Mach number

N VzZ,m
2 =
zé,m 42, m

L.oss parameter

SECTION XI

Summate the weight flow across the annulus at the exit of the rotor,



N-1
2 2
. z : "(R2,m B R2,m+1) (p2,m V22,m + p2,m+1 Vz2,m+1)
144, 0 2.0

m=1
SECTION XII

Calculate the absolute value of the error by which the weight flow at the rotor exit
differs from the weight flow at the rotor inlet.

. .
Wo - W
. 2
w = N
w2

1

Ife; <0,001 continuity of flow is assumed to be satisfied and the calculation proceeds
to Section XXIV. If €y >0,001 the rotor exit annulus area must be altered to satisfy con-
tinuity. Since this may be accomplished in one of three ways, a logical test must be made
to determine the method to be followed.

If the rotor hub ramp angle is less than its specified limit, proceed to Section XXIII.
If the rotor hub ramp angle is at its specified limit but the rotor tip ramp angle is equal to
or less than zero and greater than its limit, proceed to Section XXV. If both the rotor hub

and tip ramp angles are at their limit, calculate a new geometric area for the rotor exit,

Azg (V'Vl - V.Vz)
Anew - A2g + V;'Z

If the absolute value of the rotor tip ramp angle is equal to the absaolute value of the
rotor hub ramp angle proceed to Section XXVII; if the angles are unequal proceed to Sec-
tion XXVI.

SECTION XIII

Having satisfied the limitations on rotor hub and tip ramp angles the absolute Mach
number at the rotor hub is tested. If the Mach number does not exceed its desired limit
go to Section XIV. If the desired limit is exceeded, modify the B coefficient in Equation
(13) and calculate a new value for the absolute tangential velocity at the rotor tip,

The revised value of Bg is calculated as follows, The total temperature at the rotor
tip is

Us NVeo, N~ Ui, NVe1,N
gCJ p

Tia,n = Ty, N t
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and the static temperature is

2 2
Vza, Nt Voo, N
2 gcJ cp

To,N = Ti2,N

Combine these two equations and obtain the square of the Mach number,

2 2
2 Vz2,N* Vo2, N
Mg, N © 2 2
e v® (T L V2, NV, N- Ui nVor N Vz2,N+V02,N>
c m\tl,N
gCJ cp 2 gcJ cp

This may be rearranged to give

2 2
5 0 Uz, nVge, N~ U, nVer, 8 Va2, n- Vo2, N
sz N+ Voz N = AA Ttl N+ - 2
] ’ gCJ Cp gCJ Cp

where

2
AA = M‘Z,N gC 'ya(m

Separating the terms gives a quadratic in Vgo

¢ s AA v <AA Ug, N)
92, N - Vg2, N
2 gcJ p gCJ o

2
AAU; vV N AAVZL N

2
+ v T AAT + - =0
z2, N t1, N
gcJ cp 2 gcJ cp
or
2BB U vi, - AAT + BB V2
v o av 2,N) (_z2N t1,N 22, N
g2,N " "62,N 1+ BB 1+ BB
where
AA
BB = ——
g.J ¢,



This quadratic may be solved for Vaz N*

- -cc+Nce? - pp

Voo, N
where
BB U2, N
cC = - —mm
1+ BB
and

2 2
[Vz2,N- AA Ty, N+ BBVza N

The Bg coefficient is given by

~ 2 3
By = Vgo,nRy, Nn-CaRy n-DaRy v~ Ex Ry i

Reinitialize the values of rotor hub ramp angle, rotor tip ramp angle, and aspect ratio,

*gg - 0.0
“rT * 0.0
ARp = ARp;

and return to Section VII,
SECTION XIV
Test to see if the outlet relative flow angle at the rotor hub exceeds the desired limit,

If the limit is not exceeded, go to Section XV. If the limit is exceeded modify the By co-

efficient as follows,
. Py 2 3
Bp = (U N-Vze,Ntanfgy) Ry n- C2 Rz N-D2 Ry, N~ E2Ry N

Reinitialize roter hub ramp angle, tip ramp angle, and aspect ratio

“pg = 0.0
gr = 0.0

and return to Section VII,
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SECTION XV

Having satisfied the specified limits on rotor hub and tip ramp angles, hub outlet
absolute Mach number, and outlet relative air angle, the calculation proceeds to establish

stator outlet conditions. Determine the axial distance between stator inlet and stator out-
let.

Rr2 - Ry

bs = ARg

Calculate stator outlet tip radius
Rp3 = Rpg+ bgtanagy
Set the outlet total temperature at the stator tip
T3, 1 = Ti2,1
Geometric hub radius
Rys = Ryg + bg tan agy

Effective tip radius

1/2
x 2 % 2
Ry 1 = 3%3 Ry3 + (1 - 313) Ry i
Effective hub radius
. 9 . g /2
Rs n 33 Rygg * (1 - 8y3) By ‘

Geometric annulus area

i 2 o2
Agg = T(Rpg - Byy

Effective annulus area

2 2
Age = ™Ry - RS,N)

Tip axial velocity

_ va3
VzT3 - VzT2

Vaer2
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Evaluate the constant of integration K3, for the axial velocity equation,
Kj = ngrz - 2 Bg C3/R3,1 + 2 (2 Bg D3 + Cg) log ﬁ3’1 + 6 (B Eg + C, Dg) R3’1
+2(2C, Eg+ DI RS |+ [(10/3) D, E3] Ry |+ [(3/2) Eg] R} |
" 2gd e Tyz g
Set the axial velocity at the effective tip radii.
v

23,1

SECTION XVIi

The annulus at the stator exit is subdivided into N concentric rings of equal height,
giving N+1 reference radil. At each of these radii calculate the total temperature and

axial velocity.

i R3 1 - R3 N
R?,m-R3,m-1 - N-1
T3, m = Ti2, m
2
V3 m * {2 By C3/R3 , - 2(2 By D3 + C3) log Ry 1 - 6 (Bg Eg + C3 Dy) R3 m

4
3,m

2. .2 3 2
-2(2C, E, + D3) R3'm - [(10/3) D, E3] Rs,m - [(3/2) EB]R
1/2
+ 2 gCJ cp Tt3,m + Ks}
SECTION XV

At the stator exit station the following functions are evaluated for m=1, N,

Absolute tangential velocity

Vo3, m ° R tC3+ Dy Ry m* E3Rg
3, m
Total pressure
- Mg (V/(Y-1))
P P ( t3,m
t3,m T Tt1,
m m rI-"cl,m



Total density

144.0 Pt3 m

P s ———
t3, m

Rm TtS,m

Absolute velocity

Vam = (VZ3,m* V%z,m)”z

Static density

9 1/(r-1)

V3, m
2 gcJ cp T

Psm = Pi3a,m (1.0 -

t3, m

Absolute air angle

v
B, = tan"! (__03,m)

,m
Vz.'3,m

Diffusion factor

DS.m=1.0 -

Loss coefficient

.0

“S,m = 1
1.0 -
( -1 o >7/(7-1)
1.0 + — M
2 2, m

Sonic velocity

P
(1 o t3,m)
’ P1:2,m
0

1/2
2
V3,m

8.3,m = [gc VQm Tt3,m b 2 gCJ cp
Absolute Mach number

V3,m

23 m

Mg m =

V3 m . (Vgo, m~ Vo3, m!| (Rya + Ryy)
V2, m 2 TSH VZ, m (RZ. mt RB, m)



Loss parameter

® m 0883 . |Ryy+ Ry

Z =
S,m
2"SH 1:{2,m+ R3,m

SECTION XVIII

Summate the weight flow across the annulus at the exit of the stator.

N-1
2 2
o "3 m - BRI me) P3,m V23, m * 3, me1 Va3, met)
3 Z 144. 0 2.0
m=1

SECTION XIX
Calculate the following mass averaged parameters:

Stage pressure ratio

N-1 -
-1y ri(r-1)

Pt3, m * Pt3, m+1
R, - S -1.0
P

t1,m * Pt1, m+1

m=1

Cumulative pressure ratio

N-1 v{(y-1)
Y-1)r
Ptz m * Pt3, m+1
(Rc) = S '1. 0
ov Z 2.0 Py
m=1
w3

Stage temperature ratio

N-1
T3, m* Ti3, me1

TR = 2 S -1.0
Ti1,mt Tt1, m+1

m=1

w3
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Cumulative temperature ratio

N-1

Tez, mt Ti3, ml
(TR) = Z S - 1.0
ov 2.0 Ty

m=1

w3
where:

2 2
m(R3 m - B3 m+1) (p3,m V23, m*t P3, m+1 vz3,m+1)
144, 0 2,0

S =

The stage adiabatic efficiency is given by

Réy'”/y— 1.0
T' =

ad Tg - 1.0

and cumulative adiabatic efficiency by

R) TV 10

(TR)OV - 1,0

(Mad) o, =

Calculate the absolute value of the error by which the weight flow at the stator exit differs
from the weight flow at the rotor inlet.

W3 - Wy
W3
If € <0,001, continuity of flow is assumed to be satisfied and the calculation pro-
ceeds to Section XXIX. If ¢ >0,001, the stator exit annulus area must be altered to
satisfy continuity. This is accomplished in a manner similar to that outlined for the rotor

in Section XII.

If the stator hub ramp angle is less than its specified limit proceed to Section XXVIIL,
If the stator hub ramp angle is at its specified limit, but the stator tip ramp angle is equal
to or less than zero, and greater than its limit proceed to Section XXX. If both the stator
hub and tip ramp angles are at their limit calculate a new effective area for the stator

exit.

Anew = A3e W
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If the absolute value of the stator tip ramp angle is equal to the absolute value of the stator
hub ramp angle proceed to Section XXXII; if the angles are unequal proceed to Section
XXXI.

SECTION XX

Having satisfied the limitations on stator hub and tip ramp angles, the diffusion factor
at the stator hub is tested to determine if it exceeds a desired limit, If the limit has not
been exceeded, go to Section XXI. If the limit has been exceeded, modify the By co-
efficient in the polynomial function for absolute tangential velocity at the rotor exit and
calculate new rotor exit conditions.

The revised value of By is calculated as follows,

The stator hub D-factor is given by

b =10 Vi3, N . (Vga, N - Vo3, N)
SH™ 7" 9 2 1/2 2 2 1/2
Voo n* V2, N 2055 Voo, nt Vio, N

This may be rearranged to give

V3,N* Vo3, N - Vo2, N/29sH (Vyy y+ V2 )llz

(1.0 - DSH) 2, N z2, N
or
2 2 /2

where

-Va, N - Vp3,N/2%sH
Dgyy - 1.0

AF =

BF

1/2 o 1. 0)

su (Psy -
Squaring Equation (A-4) and rearrangement into a quadratic in Vg o yields

2 -
V02,N+ 2CFV02‘N+DF =0
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where

- (AF) (BF)
CF = ——————

1 - (BF)

VZa N - (AP
DF =

1 - (BF)2

Thus, the absolute tangential velocity at the rotor hub is given by

\Y =-CFiUCF2-DF

42,N

The required root must be positive. If two positive roots occur, the original expression
for Dgp should be tested to determine which is the correct root. The new value for the

Bo coefficient is given by

2

-Dy Ry y

B2 = RZ,NVHZ,N-C R R - E

3
2 Ry n Do 2 Ro N

Reinitialize hub and tip ramp angles, and aspect ratios for both rotor and stator.

*rg = 0.0
¢gr * 0.0
gy = 0.0
agr = 0.0
ARg = ARp,
ARg = ARg,

and return to Section VII,
SECTION XXI

This completes the performance calculations for a stage. Print the stage output and

test if the required overall pressure ratio has been achieved.

If the required pressure ratio has been reached, print a statement to this effect and
proceed to Section I and commence another data set. If the required pressure ratio has
not been reached, test to determine if the maximum number of stages has been exceeded.
If the maximum number of stages has not been exceeded, go to Section XXII and calculate
the inlet conditions to the next rotor. If the maximum number of stages has been exceeded,

print a statement to this effect and proceed to Section I and commence another data set.
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SECTION XXII

Calculate the conditions at the rotor inlet by executing the following steps from m=1 to

m=N,

Rotor blade speed

Ur1i
Ul,m = RS,m

Rrii

Absolute tangential velocity

Vo1,m = Vg3, m
Absolute velocity

:‘f.3

Vl, 3,m

Absolute air angle

B =ﬁ3

1,m ,m

Relative air angle

' 23, m
V1 m !
s cos ﬁl,m
Axial velocity
Vzl,m = VzS, m

Reference radius

A-24



Sonic speed

. 1/2

Vl,m

a = |18, YR, \T -
1, m c m\ t3,m
ZgCJ p

Absolute Mach number

Vl,m

M =
1,m
a1, m

Relative Mach number

a1, m

Total temperature

=T

Ti1,m ™ T3, m

Total pressure

P =P

ti, m t3, m
Tip radius
Rry = Rp3

Hub radius
Ry = Rus
Proceed to Section I and commence the calculation of another stage.
SECTION XXIII
Calculate new rotor exit annulus area, hub radius, and ramp angle,

Apew = Age Iy
2
1/2
T Anew
Hpew Rr,2 -

(8T + 812 - 1)
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. (RHpew - RHI1)

a = tan”
RH
br

Go to Section VIII,
SECTION XXIV

At this point in the calculation, continuity of flow has been satisfied; however, the hub
or tip ramp angle limits may have been violated in the last iterative loop.

A three-branch logical test is made to determine the history of ramp angle changes.
This test is as follows: If the hub ramp angle has not been previously set to its limit,

check to see if it now exceeds its limit. If the limit is not exceeded go to Section XIII, If
the limit is exceeded setapy =8 pHp and go to Section VIII,

If the hub ramp angle has been previously set at its limit, but the tip ramp angle has

not, check to see if the tip ramp angle is now below its limit. If the limit is not violated,
test to see if SpT is positive, If yes, this is considered unacceptable and the calculation
is terminated. If no, go to Section XII, If the limit is violated, setapr = epyp, and go to
Section VI. If both the hub and tip ramp angles have been previously set at their limit go
to Section XIII.

SECTION XXV

Calculate new rotor exit annulus area, tip radius, and tip ramp angle.

Age (Wq - W)
e
new 2e Wo

RTnew ~ [RH2 t*Anew/m @248 g2 - 1)

-1 (RTow - RT1)
b

aRT = tan
R

Go to Section VI,
SECTION XXVI

Calculate a new value for the axial distance between rotor inlet and exit reference
stations. The new annulus area calculated in Section XII may also be expressed as
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2 2
Anew - 1"(RTZ - By

)
where
Rpg = Ryq + bp tan dpqp
and
g2 = Ry * bR tan %y,
or
/‘(R2+2bRta + b2 tan’ e )
Anew/m = (R R Rpq tan epqy, + by tan” éppy,
- (RE. + 2 b, Ry, ¢t b2 tar )
H1 R By 3" %gyr, * °r " °RHL
This may be rearranged as:

2 2 2
0 = by (tan” apy -tan” ap; )+ 2bp (Ry, tan appy - Ry, tan apg; )

2 2
+ (R - Rygy = Apey/™

or

2
0=bg+2BEbp + CE
where
Ry tan appp - Ry tan eppy
BE =
AE
2 2
RT1 - BREy ~ Apew/”
CE =
AE
and
AE = (’c:a.n2 a - tan2 a )
RTL RHL

The axial distance between rotor inlet and exit reference stations is given by:
= - BE+ JBE - CE

bg =
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Calculate new aspect ratio.

R=—
br
Go to Section VI.

SECTION XXVII

This section is similar to Section XXVI with the restriction that |°’RHL| = IaRTLI'
This gives

2 2
Anew!™ = (Rry - 2bg Ryy tanae pyy - Ryyy - 2 by Ry tanegyy )

or

2 -
T1

2tanapp, (Rry + Ryy)

2 A |n

R H1l ~ “‘new

R

bg
Calculate new aspect ratio.

Go to Section VI,
SECTION XXVII

Calculate new effective annulus area at stator exit.

A3e (V.Vl - W3)

Apnew = Aze * V.VS

Calculate new hub radius.

1/2

R R2 Anew
H . = RT3
new 7 (B3 + 8y 1)

Calculate hub ramp angle.

RHpew -~ RH2
bg

Qg * tan™!
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Go to Section XV,
SECTION XXIX

The situation in the stator at this point is similar to that which prevailed in the rotor
at Section XXIV and an analogous test is made to determine ramp angle changes. If the
hub ramp angle has not been previously set to its limit, check to see if it now exceeds its
limit, If the limit is not exceeded go to Section XX, If the limit is exceeded, setagy =
agpr, and go to Section XV.

If the hub ramp angle has been previously set at its limit, but the tip ramp angle has
not, check to see if the tip ramp angle is now below its limit. If the limit is not violated,
test if a g7 is positive, If yes, this is considered unacceptable and the calculation is ter-
minated. If no, go to Section XX. If the limit is violated, seta gy =a gpy, and go to Sec-
tion XV, If both the hub and tip ramp angles have been previously set at their limit go to
Section XX.

SECTION XXX

Calculate a new effective annulus area at stator exit.

A3e (\;/1 - v§'3)
Anew = Aze t V'VS

Calculate new tip radius.

1/2

2 Anew

m(813 + 8fy3 - 1)

Calculate new tip ramp angle.

Go to Section XV,
SECTION XXXI

Using a method similar to that derived in Section XXVI for the rotor, a new value for
the axial distance between stator inlet and exit reference stations may be calculated.

bs = - BE +VBE® - CE
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where

Ryotanegyy - Ryy tanagyy
AE

"

BE

2 2
RTo - Rfjp - Apew/™
AE

CE

and
AE - 2 2
= tan agpp - tan @ gy
Calculate new aspect ratio.

Rro - Ry
ARg = —

bg
Go to Section XV,

SECTION XXXII

This section is similar to Section XXVII for the rotor. The axial distance between the

inlet and exit reference stations

2 2
Rpg - Ryy - Anew/’r

b
®  2tanapyy (Rpp+ Ry

Calculate new aspect ratio,

Rra - Ryo
bg

Pe

ARS =

Go to Section XV,
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$EXECUTE 18408

$IBJOB N34

$IBFTC MAIN DDLNOLIST

C %% ADVANCED MULTISTAGE AXIAL-FLCW COMPRESSOR DESIGN CALCULATION
C x%%x CALCULATIJNS ARE MADE AT UP TO 11 RADIAL PQOSITIONS USING THE
C ®%k%x ENERGY, MOMENTUM AND CONTINUITY EQUATIONS.

C sk AXISYMMETRIC FLOW JS ASSUMED AND NC RADIAL GRADIENTS OF

C &% ENTRUPY NOR EFFECT OF CURVATURES OF STREAMLINES ARE INCLUDED
c %% ROUNDARY LAYER BLOCKAGE FACTORS ARE INCL!DED WITH MASS FLOW
C *=%% BEING INTEGRATED RADIALLY. -
C *%x%x THE WORKING FLUTD IS A PERFECT GAS WITH CONSTANT SPECIFIC

C skk HEAT,

C *x%x STAGES WILL BF ADDED UNTIL A SPECIFIED PRESSURE RATIO IS

C *x%x%x [NCLUDED.

REAL MW NPRNPS MSH K1,M1P,K2,M2,K3

REAL M1 ,MZ1,M2P,M2Z2,M3,MZ3

DIMENSION M1(11),MZL{L1) M2P(11)oMZ2(21),M3(11),M2301]1),A3(11)

DIMENSION VT20TL(50) ¢NPR{5Q),SRTIP(50),ARR{S50),DTIP2(50),DH2(52)},
1ARHL({SO),ARTL(SU) (DRT{50}),B2(50),C2(50),+D2(50),E2(50),vT30T2(50),
2NPS{S50)+SSH{S0),ARS{50) DTIP3(509,DH3(5J),ASHLI(50),ASTL(50),
3DSHI59) 4MSHIS0 ) ,BPSH{50),B83(50),C3(50),D031(50),E3(50) .

DIMENSION vZ1(11),Ul(11),v01(21)Y,RHCS1(11),BETAL(1]1),BETALP(]1)),
1ViP(11) MLIP(11),7T1(11),PTL1(11)},RSIVZ1(11),ACNE(L)},R2{11),U2(LL),
2VD2411) 4 TT2(11),VZ2(11),PT2(11) ,RHOT2(L1),V2(11),RHNS2(11),
3BETA2(11),BETAZ2P(11),Vv2P(11),DR(11),7S2(11),ATWO(11),M2(11),
4PRTI(11),WRA(L1),ZR(LL),RS2VZ2(11) ,ATO{12),TT3{11),R3(11),v03(11),
SPT3{11),RHOT3(11)eV3(21),RHCOS3(LL),BETA3(11),DS{(11),WSB(11),
6ZSUL111,RSIVZI(IL)ATHRE(L11),WW3(1l1)

DIMENSION RYI(L11D,V1(11),VZ3(11)

DIMENSION ARHOD(S50),ARTD(S5Q0) ,ASHDI(50),ASTD(50) ,BET1D(11),BET1PO(11]}
1,BET2D(11),8€ET2PD{11),8BET3D(11),BPSD(50),TITL(12)

DIMENSION BO(50),AR0(501,ASCI(50)

COMMON /SINITL/CONS,CP4DH1,DTIP1,ERL1 +ER24ERI,ER4,ER5,ERO6,ERT,GAM,
IMW,RCLIM,RHORTL,RTIPLI,TEMP,UTIPLI,VITIP]

CCMMNN /JCHEC/IFLAG,ANSLIM

COMMON /CNOM2/PTI +TTYI,CONL1+CON24CCN3,CON4,C0OGML,B1,C1,D1,E1

COMMNN /COM3/IGO,ITSITRL,IOPT,IIB,1ID4[IM,FACTOR,ANM] ,CON6,CON7,
1CONB, ITAL?

COMMON I,INCoIPR2y,NyVT20T]1 NPRySRTIP,ARRI,DTIP2,DH2,ARHD,ARTD,DRT,
182SAVE,C2,D24E2,VT3OT2,NPSySSHyARSI ¢DTIP3 DH3yASHDyASTN¢DSHyMSH,
2BPSD,B3,C3,03,E3,W1,RCO,TROLETAQWRC,H,TR,ETA,RTIPL,ARR,ARS,RH]1,RTIP2
3,RH2,RTIP3I,RH3,BR+8S,M,BET10,BETAl,BETL1PD,BETALP,R]1,ULl,VZ1,V0Ol,V],
4V1P,MIP,M1,MZ1,BET2D,BETA2,BRET2PD,RETAZP,R2,U2,VZ2,V02,V2,V2P,DR,
SM2PM2,M72,BET3ID,BETA34RI4VZ23,V03,V34DSsM3,WRB,ZRyWSBR,ZSyMZ3,ALPST
€y ALPSH, TERROR

COMMON IPRL1+X1,UTIP1,RM,RHOT]1,AONE,RS1VZ]1 yNM]1,RHOS1,TT1,PT1,HW2,
LEWA,VZTIP2,A2G A2E K2, 1 TALL JALPRH,RHNEW,ANEW, TAARTL ,TAARHL,AE,BE,
2CEWALPRTRTINEWyR2+TT2,PT2,RHOT2 yRHOS2,TS2,ATWC,PRI,ATC,RS2V22
3,UTIP2,VOTIP2,Q4R,S,T,1TAL2,AA,BRB,CC,DD,ITAL3,BPSH,W3,A3G,A3E,PT3,
4VITIP3,K3,PRW3,PROWI, TRW3yTROW3,TT3 ,RHOS3,TAASHL, TAASTL,ASHL,ASTL,
SA34ATHRE,RS3IVZ3I, WW3I,ITALB,AF,BF,CF,DF fig // /4
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10
11
19C0
26

19

15
20

22
25

21

24

6+ VITIPO,ARHL ARTL,RHOT3,TITL,BO,ARC,ASD

NAMELIST /NAME/CP,MW,GAM,TTI,PTI,RCLIM,RTIPLI,UTIPL1I,RHORT1,VZTIPO
1,DTIP14NH1,BLl4ClyDLoEL NoNSLIMyIPRL,IPR2,VT20T1,NPR,SRTIP,ARD,
20TIP2,NH2,ARHDARTD 4DRT,B0,C24N2,E2,VT30T2,NPS,SSH,y ASOy DT IP3,DH3,
3ASHD,ASTD,DSH,MSH,BPSD,R3,C3,D3,E3

*%¥* IPR1 IS A DUMP TRIGGER WHICH IS USED AS FOLLOWS ee.

£hx WHEN =0, NDUNMPS WILL NOT OCCUR,
L WHEN =1, A MINIMUM OF DYNAMIC DUMPS WILL OCCUR.
rx% WHEN =2, ALL DYNAMIC DUMPS WILL OCCUR,

*x*x [PR2 IS A TRIGGEFR WHICH WHEN =1, WILL CAUSE ONLY INFORMATION
**xx AT THE HUB AND TIP TO BE PRINTED. IF IPR2 =0, INFORMATION
*xx AT ALL STATIONS WILL BE PRINTED.

¥%% START SECTION 1

READ (S+11) IREAD(TITL(I),I=1,12)
FORMAT (I14A5,11A6)

WRITE (6,25) (TITL(I),I=1,12)
FORMAT (1H123X,A5,11A6/77/)
IERRQOR=0

sxx READ INITIAL DATA
*¥%x% READ DATA FOR EACH STAGE

IF (IREAD,GT,.0) GO TO 19

READ (5,NAME)

GO 10 21

READ(S,15) CP.MH,GAM.TTI,PTI'RCL’H'PTIPIIvUT!PlI'RHORTIvVZTIPUo
1 DTIP1eNDH14B1l¢ClsD1+ELyNyNSLIM,IPR],,IPR2

FORMAT (9FB,0/7FB.0,213,211)

DO 22 [=1,NSLIM

READ {5,25) VT20T1CT ) 4NPR(T),SRTIP(I),ARO(]I),DTIP2(1),DH2{I),
JARHDU I ) ARTO(I)4DRTL{IY,BO(E),C2(1),D2(1),E2(1)

READ (5,25) VT30T2CI)4NPSCI)»SSH(I) 4ASO(I),DTIP3(1),DH3(1),ASHD(])
14ASTD(I)+DSHE T )4 MSHIT ) oBPSD (L) 4B3(1),C3(I),D3(1),E3(])

CONTINUE

FORMAT(8F9.0)

*%% FEND SECTION 1

CO 24 I=1,NSLIVM
B2{I)=BD(I)
ARR({ T 1=ARO(I)
ARS(T)=ASO(I)

ITR=0

178=0

TIM=0

[IR=0

[1D=0

VITIP1=VITIPO

CALL CHECK

IF [IFLAG.GT.G) GO TO 35CC
CALL INITL '

IF (TFLAG.GT.u) GO TO 10
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130

*x% CALCULATE AT FIRST ROTOR INLET...WHEEL SPEED, THETA VELOCITY
sx& ABSOLUTE VELOCITY, STATIC DENSITY, ABSOLUTE FLOW ANGLE,

*x& QRELATIVE FLOW ANGLE, RELATIVE VELOCITY, RELATIVE MACH NUMBER
*%x SET TOTAL TEMPERATURE, CALCULATE ABSOLUTE MACH NUMBER,

*xx AXTAL MACH NUMBER, AND SET TOTAL PRESSURE

CALL INLET
IF {IFLAG.GT.0) GO D 10

sx%x TEST THE DUMP TRIGGER

IF (IPR1-11 120,¢CCGC,6C0Q
CALL 0QuTl

*%xx THIS ENDS INLET CCMPUTATICNS
*%% NOW LET US START THE ROTVOR EXIT CCOMPUTATICONS
*x%x START MAJOR DO LOOP CN NUMBER QOF STAGES

DO 1000 [=1,NSLIM
[0PT=1
FACTNR=1.0

«x% [NITTALIZE LOOP COUNTERS

ITAL1=0
ITAL2=0
[rarL3=C
[TaL7=0
ITAL8=0

s#%x SET RAMP ANGLES TO ZERO

ALPRT= Q,
ALPRH= Q,
ALPST= Q.
ALPSH= 0.,

k%% SAVE INPUT ASPECT RATIOS AND B2
ARRI=ARRI{I)
ARSI=ARS{D)
B2SAVE=82(1)
sxx START SECTION VI
k&% [F NDRT{Il) (D-FACTOR) AT THE TIP IS NON-ZERO WE MUST
sex CALCULATE B2 TN THE POLYNOMIAL EXPRESSION OF WHIRL VELOCITY
#ox B2/R+C2+D2%R+E2*R*R

IF ((ITAL2¢ITAL3+[TALB).GT.0) GO TO 14V
[F (DRT(I).EQ.0.) GO TO 140

«%%x COMPUTE AXIAL BLADE LENGTH {(RCTOR)
BR= (RTIP1-RH1)/ARRI(I)

s#% CALCULATE TIP RADIUS AT ROTOR EXIT

B-3



RTIP2= RTIP1¢BR®SINIALPRT)/COS{ALPRT)
C **x SET AXIAL VELOCITY AT TIP
VZTIP2= VITIP1*VT20TL(1)
C *&x CALCULATE TIP WHEEL SPEEN F.P,S.
UTIP2= CON4*RTIP2

c **% PREPARE TO CALCULATE COEFFICIENT OF 1/R IN WHIRL VELOCITY
C **% POLYNOMIAL FROM D-FACTOR INITIAL

Q= VIP({1)*(1,~DRT(I)}+(UTIPI=-VOL(1)=UTIP2)/(2.*SRTIP(I))
Rz 1./02.%SRTIP(]))
ER1= 1.-R=*R
S= =2.%(UTIP2+4Q*R)/ER]
T= (VZITIP2%%2 ¢ UTIP2%22 -~ Q%Q) /ER1
TEMP=S4S~4 . *T
[F (TEMP.GE.O.) GO TO BO11
WRITE (&,8010)
8010 FORMAT(//104H WITH INPUT ROTDOR [NLET AND EXIT CONDITIONS, THE GIVE
IN DRT WOULD REQUIRE NEGATIVE TANGENTIAL VEL., AT TIP )
GO T0O 3500
8011 VOTIP2= (-S - SQRT(TEMP))/2,

c *xx B2 IS THE COEFFICIENT OF 1/R
R2(1)=RTIP2xVOTIP2-C2(IV1*RTIP2-D2(1)*RTIP2%%2-E2(1)*RTIP2%%3

c *x%x END SECTION VI

C *¥x*x TEST THE DUMP TRIGGER

132 IF (IPR1-1) 160,6030,6030
6030 CALL 0OQuT3

GO TN 16C
c »%% START SECTION VII
c *x% COMPUTE AXIAL BLADE LENGTH (RCTOR)

14C BR= (RTIP1-RH1)/ARR({T)
c *2¢ CALCULATE ROTOR EXIT YIP RADIUS
RTIP2= RTIP1+BR*SIN(ALPRT)/COS{ALPRT)
C 2% CALCULATE ROTNR EXIT TIP AXIAL VELOCITY
VZTIP2= VITIP1*VT20T1(1)
C w%% CALCULATE ROTOR EXIT TIP WHEEL SPEED
UTIP2= CCN4%RTIP2

C s« END SECTION VIl
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"s#% START SECTICN VIII
160 vZ2(1l)= VZTIP:
#%% CALCLLATE kLB RACILS AT RCTCR EXIT
Rh2= RF1 & ER#*SIN{ALPRK)/CCS{ALPRF)
#%% CALCULATE EFFECTIVE TIP AND FUB RACII

RZEL1)=SCRTI(LTIF2(I)*RTIP2#%2 611 .~CTIP2(1))*RF2¥32)
R2IN)=SCRTICH2{ 1) sRIF2*%*2E (1 .~CH2( 1) I*RT[P2%*2)

#2% CALCULATE GECMETRIC AREA ANC EFFECTIVE AREA

AZzG=3.141592€% (RTIP2**—RF2*RF2)
A2E=3.0415926%(R2IL)**2—R2(N)%*2)

%% CALCULATE TIP wrHEEL SPEED
Le{l)= CCON4*RZI(1)
##% CALCULLATE TIP TANGENTIAL VELGCITY
vG2(1)= B2(I)/Ret 1) & C24I) EC2(IV#RZ2{1)EE2(1I*R2(1)%x*2
#%% CALCULLATE TIP RCTCOR EXIT TCTAL TEMPERATLRE
TTZ(1)= TTL(L)E(UZElI*VCal1)-LLILL}*VCLL1))/CUNS
#%2 PREFAKE TC CALCULATE CCNSTANT IN THE AxI2L VELCCITY EQ. (K1)

ER1= z.sEz(1)#C2(1)
ER2= 4.%B2([1)3*C2(1)t2.%C2L1)*%2
ER3= €o.*BZ(I)2E2( 1NG6.*C211)*C2(])
ER4= 4.2C2L1)%E2(1)62.%C2(1)%%¢
ERS5= 10.*Cc(l)*c2(1)/2.
ER6= 1.5*E2(])3%2
170 K2= VZTIPZ#%2-tR1/R2(1)IEERZ*ALCGIR2(L)) & ER3®RZIL) ¢ ER4*R2(1)**
1 & ERS5*R2(1)%*%3 & ERO®R2{1)%%4 - CONL=*TT2(L)

s2% ENC SECTICN VIII
d*% START SECTICN IX
180 ERT={R2L1)=-RZ(N})/ANM]

*%% CIVICE FLCw PATH INTC EQULAL FARTS

#o% CALCULATE INTERMECIATE RACII, WHEEL SPEtL, TANCENTIAL
s#x VELCCITY, YCTAL TEMPERATURE, ANDC AXIAL VELLCILITY AT LALH
*2% STREAMLINE

CC 190 M=2yN

R2(M)= R2(M=-1) - ER?

U2(M)= CCON4GFRZ(M)

VC2(M)= BZLE)/ZRZ(M) & C21I) ECZ(II*R2(MIEGE2(1)*R2(NM)**2

TT2(M)= TTL(M)IE(UZ(M)®VC2(MI-LLIM)I*VOL(M})/CCNS
TEMP=ERLI/R2(M)~ER2¥ALCGIR2(M) )-ERI*¥R2(NI—ERG#R2 (M) 3 2-ERSIRZ{ N ) #22
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J1-ERE*R2{M)I%x%4+CONLI*TT2(M)+K2
IF (TEMP,.GE.O.) GO TO 190
WRITE (6+8015)
8016 FORMAY (//66H AXIAL VELOCITY IS NEGATIVE FOR SGME RADIAL LNCATION
1AT ROTOR EXIT )
GO0 TN 135900
19C VZI2{M)=SQRT{TEMP)

*k* END SECTION IX
*x% START SECTION X

**x CALCULATE AT ROYOR FXIT FOR ALL STREAMLINES ...

*x% TOTAL PRESSURE, TCTAL DENSITY, ARSCLUTE VELOCITY, STATIC
#&*x DENSITY, ABSOLUTE FLOW ANGLE, RELATIVE FLOW ANGLE, RELATIVE
**% VELOCITY, ROTDR D-FACTOR, STATIC TEMPERATURE, STATIC

®%* PRESSURE, SONIC VELCCITY, ABSOLUTE MACH NUMBER, OMEGA BAR,
*x%x [ 0SS FUNCTION, RFLATIVE MACH NUMBER, AND AXTAL MACH NUMBER

D0 210 M=1,N
TEMP=TT2(M)/TT1(M™)
IF (TEMP,.GE.0.) GO TO 8018
WRITE (€&,8018)
8018 FORMAT {//57H THE ABSOLUTF TOTAL TEMPERATURE AT ROTOR EXIT IS NEGA
1TIVE )
GO 1O 3500
8019 PT2(M)=PTLI(MI®TEMPx*(NPR(I)*CONG)
RHOT2{M)= PT2(M)%144,/(RMETT2(M})
V2(M)= SQRT(VZZ(M)*%2 + VO2{M)%=x2)
TEMP=1.-V2{M} %2/ (CONLI%TT2(M})
IF {(TEMPL.GE.O.) GO TO 8C21
WRITF (€,2020)
2020 FORMAT (//58H THE ABSNLUTF STATIC TEMPERATURE AT ROTOR EXIT IS NEG
1ATIVE )
GO YO 32069
8021 RHOS2{M)=RHOT2{M)*TEMP**COGM]
BETA2(M)= ATAN(V(O2{M)/VZI2{M))
BETA2P(M)=ATAN((U2(M)-VD2(M))/VZ2(M))
V2P(M)= VZ2(M)/COSIBETA2P({M))
DR{M}= 1.-V2P(M)/VIP{M) ¢ (L1{M)=VOL{M)=U2(MI+VO2(M))/12.,%SRTIP(])
1 =VIP(M)*(RTIPL#RTIP2)/(R1(M)¢R2(M)))
TS2(M)= TT2(M) - V2{(M)%&«2/CCN]
ATWOUM) = SORT{CUN3®TS2(M))
M2{M)= V2(M)I/ATWO (M)
TEMP=1,¢CONT®{]1.-{RLI(M)/R2(M))%%2)%UY2(M)%%2/ (CCNI=(TTL(M)+(VIP(M)=*
1%2-V1(M)%%2)/CON1))
IF (TEMP,GE.D.) GO TO 8£023
WRITE (6,8022)
8022 FORMAT {//8B6H THE IDEAL RELATIVE TOTAL PRESSURE IN ROTOR OMEGA BAR
1 EQUATION IS NEGATIVE, BAD DATA,. )
CO 1O 38500
8023 PRI(M)=TEMP*x(CON6
WRB(M)= PRIIMI®(].~=PT2(M)/PTI(MI/(TT2{(M)I/TTL{M))%%CONE) /(1. -
1 (1e/(1.¢CONTEMIP(M)%%2) )%%xCONS)
M2P(M)= V2P(M)}/ATWO(M)
MZ2(M)= VZ2(M)/ATHO (M)
210 ZR{M)=WRB(M)#COSIBETA2P (M) ) /{2.*SRTIP(I)*(RTIPL4RTIP2)/(RLI(NM) +
1 R2{(M)))
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2%

2¢0 né= C.
CC <3C
RS2Vic

ATC (M)

230 n2= w!

¥

LR R
$k%

L2 R
End= A

LR
L2 2 )

232 IF (Emw

LR R J
*x %

IF (11
1TALL=

e X

IF (IF

605C CcaLtL C
231 iF (17
LR 2

e

$¥%

233 ANEW=

*%

TEMP=R

ENC SECTICN X
STARY SECTICN X1
CALCULATE MASS FLCw
M=le0M]
(M)= [RFECSZ2{MIFVZZ(MIERRCSZINMELI®ENVZ2(NMELY) /2,
= 3.1415G26#(R2{M)¥*¥2-RZ(MEL)**2) /144,
6 Rszavic(myxaTC(M)
ENC SECTYICN XI

RCTCR EXIT CCMPLTATICANS ARE CCUMPLETEC

PREPARE TO MAKE LIMIT CHECKS = PRICR TC STAYCF CALCULATICONS

START SECTICN Xx11

BS{wzc-nll/wne

TeST FCGR MASS FLLUW BALANCE
IF MASS FLCw MATCHES CGC TC 25¢C

A.lLEesosCCl) CC TC c35

CHECK LCCP CCUNT ANC IF GREATER THAN (R EQUAL TC 9C¢ #3CCEEC

TC NEXT CATA SET

ALl.CLesEC) CU TC 30CC

1TALL & ;
TEST TrE CUMP TRIGGER
R1-1) 221,€6C5Cy€C5C
VR IV
H=1) ¢329c544234
ENC SECTICN X1
START SeCTICN XXIII
CALCULATE NEw EFFECTIVE AREA TC MATLH MASSE FLCw
AZE & (wWl=-wne)*AE/ WS

NEwW FLE RACIUS

TIPc##=ANEW/ (3 14LEST*{CHZUI)ECTIPLUL)=14))

IF (TEMFLCE«Ce) GL TO BOZS

WRITE
8024 FCRMAT

(€4EC24)
{//S8F AREA RELGUIRELD TC MATCh MASS FLUw WiTh CIVEN TI{P

1US RECQUIRES NECGATiIVE kUt RALILS AT RCTCR eXIT )

GC TG
8025 RhNEm=

%%

3ccC
SCRTITEMP)

CALCULATE RCTIUR RLE RAMF ANGLE

AL



254

234

253

212

235

ALPRE= ATANU{RFNER-RKh1)/BR)
GO TC 1éC

**% ENC SECTION XXxIIl

%% START SECTION XXxv

2% CALCULATE NEW EFFECTIVE ARESA
ANEW=22EE(nl-nc)*PZE/ e

3% CALCULLATE NEw TP RACILS
RINEW=SCRT(REZ**¥2EANER/ (3414159 2T%(0H2(1)EDTIP2(I)-1.)))

*3x (CALCLLATE NEw TIP RANMF ANCLE

ALPRT=ATANC(RTNEW-RTIPL1)/ER)
GC TG 130

*3*% ENC SECTICN Xxv

#3% (ALCLLATE NEW GECMETRIC AREA
ANER=A2CE{nI-hZ)*82C/ W2

#3¢ (ALCULATE NEW AXIAL LENCTH

TAARFL= SIN(ARFLLUI))/CCSUARELLL))
IF { ABS{ARTLI{1)) «NE. ABSUARFL{I)) )} GC TQO 253

*&3 START SECTICN XxVII

BR=(RTIF1#%2-RFI*22-ANEW/2.1415S2€)/ (. *TAAKHL*(RTIFLERKL))
GO TC 21¢

*¥*¥* ENC SECTICN XXVl

*#* START SECTICN XxVvi
TAARTL= SIN(ARTL(I))}/CCS(ARTLI(I))
AE= TAARTL#%2 - TA2ARKL*#2
BE= (RTIP1#TAARTL - RH1%TAARHL)/AE
CE=(RTIPL#22-RF1%%#2-ANEW/3.141552¢) /AL
BR= —EE & SCRY(BE#*%z - (Ct)

#2% CALCLLATE NEW ASPECT RATIC

ARR({II=(RTIF]1 - RFL)}/ER
GC TC 130

%% ENL SECTICN XXVI
#%% START SECTICN xXxlv

IF (1TR-1) 22€,+231,25¢C



*** [F NEW RAMP ANGLE EXCEEDS ITS LIMIT SET IT YO THE LIMIT

236 IF (ALPRH.GTLARHLITI)) GO TO 2332
GO Tn 250

2332 ALPRH= ARHLII)
ITR=1
WRITE (6,2333)

2333 FNORMAT (JHOIX43IH=&x ROTOR HUB RAMP ANGLF LIMIT VIQLATFD #*%% / )
GO TO 140

*xx [F NEW RAMP ANGLE EXCEEDS ITS LIMIY SET (T TO THE LIMIT

237 1f (ALPRT,GE.ARTL(I)) GO TO 255
ALPRT=ARTLI(I)
ITR=2
WRITE (6,2335)
2335 FORMAT (1HO30X43H%=® ROTOR TIP RAMP ANGLE LIMIT VICLATED #**%x / )
GO 70 130

®%% ENSURE THAT THE TIP RAMP ANGLE IS NOT POSITIVE

255 IF (ALPRT.LE.C.) GO 7O 250
WRITE (&,25€)

256 FNRMAT (// 45H ROTOR TIP RAMP ANGLE 1S POSITIVE., BAD DATA )
GO 10O 3€00

sx%x END SECTION XXIV

250 CALL MIODODLE

IGC=1GN

GN TN (360,140,300C,301C,3320+2509),1GO
360 ITAL7=0

ITS=0

#%x CHECK HUB D-FACTOR AGAINST [TS LIMIT
*%% RECALCULATE 1/R CNEFFICIENT TGO MEET D-FACTOR TEST

IF (I0PT.EQ.V) GN TO 420
DF3=NDSINI=-DSH{T)
IF (DF2) 285,500,391

*x% START SECTION xXx {CONTINUED AT ST. 421)

420 IF (DSIN).LELOSH(I)} GO TC 500

GN TN 421 .
285 IF (ITALR.EQ.0) GO TO 5COC

IF (ABSI(CF3/DSH{T1)).LE..CC1) GO TO 392

DFL3=DF3

BL3I=R2( ()



OO0

3€7
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39)

350

421
2355

425

80138

RO3G

Iic=1
B2( 1}=RH3-NFH3*(BH2-BL3)/(DFH3-NFL3)
ITALB=1TALR+]

*x& CHECK LDOP CCULNY

IF (ITALB,GE.S50) GN TN 3030
ALPRH=(C,0

ALPR T=v o0

ARR{ [} =ARR [

ALPSH=0.

ALPST=C,

ARS({I)=ARSI

GO YD 268

IF [ITALB.EC.0) GO TN 1360
IF (ABRS(CF3/DSH{I)) ,LE..001) GN TO 392
DFH3I=DF3

BH3I=R2( 1)

IF (1ID.GT,.0) GO TO 387
R211Y=CH2%B2( I

GO T0 28¢

DFF3=DF?

BH3=82(1)

w&x SECTION XX (CONTINUED)

WRITE (6,2355)
FORMAT (1HOZUX42H®%% STATOR HUS D FACTYOR LIMIT VIOLATED s*x /7

*x&x CHECK LOOP COUNT

IF (ITALB.GE.S50) GO TN 3030
ITALB= ITALR + 1

**% IF THE STATOR HUR D FACTOR LIMIT IS l., THE ABSCLUTE

*%#% VELOCITY AT THE STATNR EXIT MAY BE CALCULATED DIRECTLY.

**% THE EQUATIONS USED OTHERWISE MAY INTRODUCE EXTRANEOUS ROOTS
**x WHICH WILL BE DFALT WITH BY THE PROGRAM.

IF (DSHIT).NEL.1.} GO TN 425
VO2IN)=2.¢SSH{T)*V3{N)+VC3I(N)

GO TD 440

AF= (=V3(NI-VO3(N)/[2.%SSHII)})}/Z7(DSH(TI)=-1.)
BF= 1lo/{(DSHII)=1.)%2,%SSH(T))

CF= -AF*BF/(1.-BF*RF)

DF= (VZ2(NI*%2-AF*AF)/(1.-BF*RF)

TEMP=CF#*CF=NF

IF (TEMP.GF.3.) GO TD EBO3S

WRITE (£,8028)

FORMAT (// 95%H IN CNRRECTING FOR EXCESSIVE STATOR HUB D-FACTOR, SO
LUARE RONT NF NEGATIVE NUMRER WAS ENCCUNTEREND )
GO ™D 3500

#x%x CALCULATE ROTH ROQTS
VA2(N)=-CF+SQRT{TEMP)

VN2SV=-CF-SQRT( TEMP)
IF (VN2(N) GE.Ce) GN TN 423

B-10
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*x%x THE FIRST ROOT IS NEGATIVE. USE THE SECOND ROQT 1F PCSITIVE
IF (VD2SV.GE.Q.) GN TO 437
*x% BOTH RONTS WERE NEGATIVE
WRITE (6,8040)
R040 FORMAT (// 62H NO POSITIVE ROOTS FOUND FCR STATOR ABSOLUTE VELOCITY
1Y EQUATICN )
GO TN 3tCo

#x% THE FIRST ROOT IS POSITIVE. [F THE SECCND ROOT IS NEGATIVE
ex% UYSE THE FIRST

433 [F (VN2SV.LT.0.) GO TO 44Q

*#%% BOTH ROOTS WERE POSITIVE, DETERMINE WHICH SATISFIES THE
*%x 0 FACTOR EQUATICN

SROOT=SQRT{VOZ(N)**2+VZ2(N)*%2)
TRY1=1.-V3(N)/SROOT~(VO3(N)=VD2(N})/{2.*%SSH(T1)*SRNOT)
SROOT=SQRT{VO2SV*¥*2¢VI2{NI%*2)
TRY2=1.-V3(N)/SRQOT~-(VA3(N)=VO2SV ) /{2.*SSH(1)#*SRO0OT)
IF (ARS{TRYL-DSHII)}/DSH(I) .GT..01} GO TO 434

*xx THE FIRST ROOT SATISFIED THE D FACTOR EQUATION. [IF THE
#x%x SECOND DNES NOT, USE THE FIRSTY

IF (ABS(TRY2-DSH{I)1/DSHI{I) .GT..01) GO Ta 240
sx% BOTH ROOTS SATISFIED THE D FACTOR EQUATION. USFE THE SMALLER
IF (VN2{N)-V0O2SV) 44C,44C,437

#&% THE FIRST ROOT DID NOY SATISFY THE O FACTOR EQUATION.
s** |F THE SECOND DOES, USE IT

434 IF (ABS(TRY2~-OSH{I))/DSH(I).LE..QL) GO TN 437
wx% NEITHER RQOOT SATISFIED THE D FACTOR EQUATION
WRITE (4,435)
435 FORMAT (// 49H NEITHER POSITIVE ROCT WOULD SATISFY THE STATCR HUB
1C FACYOR EQUATICON 1}
GO TO 3500
*xx USE THE SECOND RDOY

437 VO2(N)=V02SYV
440 B2{11=R2(N)®VO2{N)=C2(TI1*R2{N)-D2t I} *R2(N)*#*2-E2(T)*R2(N) **3

s#x% END SECTION XX
ALPRH=0.
ALPRT=4Q,

ALPSH=0.
ALPST=0.
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ARS(T)=ARSI
ARR(T)1=ARRI
IF (I0PT.EQ.0) GO TO 2368

CH3= .65
IF (A+F3.GT.R2(1)) GC TO 3¢8
CH3= 1.05

*%% TEST THE DUMP TRIGGER

368 IF (IPR1-1) 140,€150,6150
6150 CALL OuT?
GO TO 140
362 OS{NI=DSK{T)

%% START SECTION XXI {CONTINUED IN DUTPUT S.R.)

5C0 CALL QUTPUT
11C=0
IF{{RCN-RCLIM).LT.O0.} GO TO 501
WRITE (€,502)
502 FORMAT (1HJ24X7]1H*&% (OQVERALL PRESSURE RATIO LIMIT HAS BEEN REACHED
1 == GO TO NEW DATA =%xx // )
GO T1 10
501 IF ((I-NSLIMI.LT.0) GD TO 540
WRITE (545064)
504 FORMAT (1H020X81lH#*®% NUMBER CF STAGES FOR THIS DATA SET HAS BEEN R
1EACHED == GO TO NEW DATA SET %x%x //)
GO 70 10

¥xx END SECTION XXI
%% START SECTION XxXI1
*x* PUT STATOR EXIT PARAMETERS INTYD ROTOR INLET FOR NEXT STAGE

540 CO 55C M=1,N
ULIMY=UTIP1I*R3(M)/RTIPL1I
VO1{M)= VO3I(M)

V1{M)= V3{M)
BETAL(M)= BETA3(M)
BETALP(M)Y= ATAN((UL(M)-VOL(M)})I/VZI3(M))
VIP{M)= VZ3{M)/COS(BETALP(M))
VI1(MY= VZ3(M)
R1{M)= R3(M)
AONE(M)= SQRT(CON3*TT3(M)-V1{M)}*x2/CON1)
M1P({M}=VIP(M}/AONE(M)
TTI(M)= TT3(M)
ML(M)= VI{M)/AONE(M)
MZ1(M)= VI1{(M)/AONE (M)
55C PT1(M)= PT3(M)
RTIPl= RTIP3
RHl1= RH3
VITIPl= VITIP2
UTIPl= Ul{1)
WRITE (£,23¢40)
236G FORMAT (1H1)
1000 CONTINUE
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*x%x PROGRAM COMPLETED CURRENT STAGE - OFF TQ ANCTHER STAGE
GO 0 10

*%kx END SECTION XXII

3000 WRITE (6+3C01)
3001 FORMAT (1HOSX10SH*#%* ERRQR MESSAGE *%* [TERATION COUNT FXCEEDED 50
1 ON FLOW L0OSS GREATER THAN ,001 TEST,GO TO NEXT DATA SETY /// )
GO TN 380V
3010 IF (IOPT.EQ.1) GO TC 26CQ
WRITE (6,3011)
3011 FORMAT (1HU 5X 32H**% ERROR MESSAGE **x [TERATION CQUNT EXCEEDED 5
10 ON MACH NO. LIMIT TEST, GO TO NEw DATA SET /// )
GO TD 2500
3020 IF (IOPT.EQ.1) GO TQ 3600
WRITE (&,3021)
3021 FORMAT (JHO 5X G3He#x* ERRNR MESSAGE ##= [TERATICN COUNT EXCEEDED 5
10 ON AIR ANGLE LIMIT TEST, GO TC NEw DATA SET /// )
GO Tn 3500
3030 IF ([0PT.EQ.1) GO TC 36CC
WRITE (643021)
3031 FORMAT (1HO S5X1UOH®** ERROR MESSAGE #*#% [TERATION CCUNT EXCEEDED 5
10 ON DIFFUSION FACTOR LIMIT TEST, GG TO NEW DATA SET /// )
350G IERROR=1
CALL OUTPUT
Gn TO 10
360C FACTOR=,591
ARR{ [)=ARRI
ARS{ I)=ARSI
B2(1)=B2SAVE
WRITE (€,3601) I
3601 FORMAT (///1X36{(1H*),3XSHSTAGEI3,33H [S NOT THE OPTIMUM CONF IGURAT
1ION 3X3&(1H=®) ///7 )
I0PT=Q
GO 10 122
END
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$IRFTC INITL DD+NOLISY
C *%% INITL SUBROUTINE

SUBROUTINE INITL

REAL MW, NPR NPS,MSH,K1,MIP,K2,M2,K3

REAL M1,MZ1,M2P,¥72,M2,NM23

DIMENSTION MIC1U),MZ1(11),M2P(11),MZ2(11) ,M3(12),M23(11),A3(11)

CIMENSION VT?OTl(50)vaR(SO,QSRTIP(SU)QARR(50)'DT'P2(50)oDHZ(SD’,
1ARHL{50) 4ARTL(50),DRT(50),B82(50),C2(5C) ,D2(50),E2(501,VT30T2(50),
2NPS(50)'SSH(SC).ARS(SO).DTIPB(SO).DH3(503.ASHL(SO).ASTL(SO).
3DSH(50) yMSH(50) APSHIB0)+83(50),C3(5G1,D3(50)4+E3(50)

CIMENSION VZ1(11),Ul(21),vO1(11),RHOS1(11),RETAL(YL),RETALP(11]},
1viP{11),M1P(11},TT1(12),PT1(11),RSLVZ1{11),AONE(LL),R2(11),U2(11),
2V02{11),7TT2(11),VZ2(11),PT2(11)4RHCT2(11),V2(11),RHOS2{11),
2BETA2(11),BETA2P(11),V2P(11)eDR(11),VS2({11),ATWO(LL)4M2(11),
4PR[(lll.wRB(lli.ZR(II).RS2VZZ(11).ATO(IIl.TTB(lll.RB(ll).VOB(IL).
5PT3(11)'RHDT3(11)0V3(11)'RHUS3(11)'EETA3(11’vDS(lllvHSB(ll)v
6ZS{11)1,RSIVI3(11),ATHRE(11)4WW3(11)

DIMENSION RI{11).vi{12),VvZ3(1l1)

DIMENSION ARHD(50)4 ARTD(50) yASHD({50) ,ASTYD(S0) 4BETLID(11),BET1IPD(1]1)
1,BET2D(11),8ET2PD{11),8BET2D(11) ,8PSD(SO),TITL(12)

CIMENSINN BO(50),AR0(S0),ASCIS0)

COMMON /SINITL/CON51CP'DHloDTIPlvERlQERZyER3vER4|ERSQER6'ER7'GA".
IMWGRCLIM,RHORT1,RTIPLI,TEMP ,UTIPL1]I,VZTIP]

COMMON /CHEC/IFLAG,NSLIWV

COMMON /CDMZ/PTI'TT]'CONIQCCN2'CON39C0N4'OUGM1vquCl'Dl'El

COMMON /COM3/IGOvITvaYR,IDPT’I[BvlIDyl]MvFACTORoANMvaON6'CDN7'
1CONBR, ITAL7

COMMNN [,[NC.IPRZ.N,VTZOTlprR'SRTID'ARR‘|DT!°29DH2,ARHDQARTDyDRr,
1825AVEvC2vDZvEZvVT30T2'NP51SSHvARS[vDTIP390H3'ASHD,ASTD,DSHpMSH,
ZBPSDvB3vC3oD3'E3.HI'RCC,TRUgFTAO'RC,TR'ETA'RTIPI,ARR'ARS'RHI'RTIPZ
34RH2,RTIP3,RH3,BR4BRS,¥,RETLN,BETAL,BETLPD,BETALP,R]1,UL,VZ1,VO1l,V1,
4V1PpMIP'Mlo”ZI'BETZD'BETAZQBETZPD,BETAZP'RZ|U20V121V020V2'V2910R,
SMZP.MZ.MZZ.BET3D.BETA3.R3.VZ%.V03.VB.DS.M3.HRB.ZR,NSB.ZS,M13.ALPST
6y ALPSH, IERROR

COMMQON ]pRI'KlvUT[PI,RM,RH“‘I.AGNEQRSIVZI'NMlonHOSIQTTvaTXQHZV
1EWA,VZTIP2,A2G+A2E+K2,ITALL OALPRH'RHNvaANEHQTAARTLvTAAQHLqAE'BEO
ZCEvALPRTvRTNENvBZQTTZ'QTZ,RHOTZ'RHCSZvTSZ,ATWCvPRI'ATO'RSZVZZ
BIUTIPZQVor[pZQQ'R'SOT'ITALZ’AA!BB'CCQDD’ITALBOBPSH’HBQABG'A3EQPT31
4VZTIPBQK3QPRN3'PROWEQTRN3'TRON3'TTB7RHDS3'TAASHL'TAASTL,ASHL'ASTL'
5A3,ATHRESRS3VZI2,WHN3,ITALRBLAF4AF,CF,DF
6o VITIPOyARHL+ARTL ,RHOT3,TITL,B0,ARC,ASO

c **+ WRITE OQUT INPUT DATA

WPITE (4,2C00)

2000 FORMAT{1HUO2OXBOH***——%t& PARAMETRIC STUDY OF ADVANCED MULTISTAGE A
1XTAL-FLOW COMPRESSORS *%%—-%%% ////365XS50H%** R O T OR [ NL E
27 I NP UT DATA *=%xx /7 )
WRITE (€,2010) NoyNSLIM,CPyMW,GAM,TTI,PT]I,RCLIM,RTIPLI,UTIPLTI,
1 RHORT1,VZTIP1,DTIP1,0H1,B81,C1,D1,E1

20106 FORMAT (/3X8HNO. RAD.BX6HNUMBRERBXBHSP, HEATBX8HMOL. WT.5X8HRATIO O
1F4X45HIN. TOT. TEMP, INe TCY., PR, MASS AVG. TOT./3XBHSTATIONSBX
26HSTAGES6X12H(BTU/(LB-R))6XTH(MOLES) 7XBHSP, HEATTX8H{DEG. R)IOXSH(P
3STIBXGHPR. RATIO //IB4lI154F 1Tt oFlboeteFleet Fl6,4,F15.4,F14.4//77 1
4TX40HTIP RADIUS TIP WHEEL SPEED HUB TO TIPSX1OHAXIAL VEL4X27THT
51P BLOCKAGE HUB BLOCKAGE/1B8XBH{INCHES) TX8H(FT/SEC)5X12HRADIUS RA
6TIOSXBH(FT/SEC)BX6HFACTORSXEHFACTOR // F26.44FlbedyFl3.4,F16.4,F14
Te4sF15.4 /// 3BRX4G4HCOEFFICIENTS IN TANGENTIAL VELOCITY EQUATION //
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83TX1IHELAXIECLA4XIHCL4X1IHE // 2TX4F 1544 ///7 1X118(LK%) // )
IF {NJLE.11) GC TC 28

WRITE (€927)

27 FCRMAT {//56F FAVE CUNSIDERED MCRE ThAN 1C FLCW CHAMNELS. CHECK C
1ATA ) .
GC TC 1C

28 IF (NSLINM.LE.SC) CO TC 2C
WRITE (&42S)

29 FGRMAT (// 4SF hAve CCNSICEREL MCRE TrAN 50 STAGCES. C(HECK CATA )
GC TC 1€

#3% START SECTICN I1I

3 SET TIP EQUAL TC INITIAL TIP RACILS
30 RTIP1= RTIP1I

#3% CALCULATE GAS CCNSTANT

RM= 1545.4/Mn
N

AN=
NMl= M1
ANM1I=AM]

CC 33 I=14NSLIV
#%% CFANGE CEGREES TG RACIANS

ARHL{I)=ARFC{T1)*.C174533
EPSHITI)=BPSL(1)*,(174532
ARTLUI)=ARTCL(I)*.C174£32
ASHL{I)=ASFC{I)*.C174533
33 ASTLUI)=ASTC(I)*.Cl74%523

#3% CALCULLATE TCTAL CENSITY
RECT1=PTI#144./7(RN&TT])

#*% CALCULATE RACIUS CF hLE STREAMLINE
RFl= RT{P1#RFCRT1

#3% CALCLLATE RADIUS OF FLB ANC TIP STREAMLINES

WRITE (€,232C)
2330 FCRMAT (1F1)
IF (CTIFl.CT.C.) CC TC 8CC1
WRITE {€¢,8CCC)
8000 FCRMAT {(//%é¢h TIP BLUCKAGE FACTCR NCT PCSEITIVE 4T IMLET. dAC CATA)
€C TG 1C
8001 RL1(1)=SCRT(CTIPI*RTIPI**2E(1.-CTIP1)I*RFH13%%2)
IF (CFl.GT.C.) GC TQO 80C3
RRITE (€¢,8CC2)
8002 FCRMAT (//%5¢bh +UB BLOCKAGE FACTCR NGT PCSITIVE AT IMLET gAC CATA)
GC 1C 1C
80C3 RL(N)=SCRT{LH1*RK1%%26(1.~DF1)*RTIPI%*2)

#%% CALCULLATE CCEFFICIENTS IN THE AXIAL VELCCITY EQUATICA
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ER1= 2.*Bl1x*(Cl

ER2= 4.*Bl%D1+2.*C1*C1
ER3= 6.%Bl*E1+6,.%C1*D]
ER4= 4., #Cl*E1+2,.%D1%01
ERS=10.*D1*E1/3.
ER6=1,5¢E]1*E]l

*%x% SET WHEEL TIP SPEED
UTIP1=UTIPLI
*%& CALCULATE CONSTANT OF INTEGRATION

Kl= VZITIP1*%2-ER1/ RI{1)+4ER2*ALOG(R1{1) )¢ERI*RLI{1)}+ERG&R]1 (1) %%2 +
1 ER5%R1({11%%x3 ¢+ ER6*R]I{]1)*%4

*%% SET AXIAL VELOCITY AT THE TIP = TO INITIAL AXIAL VELOCITY
40 vZ1(l)= vZTiPl

*&% END SECTYION I

**%x START SECTION T11

50 ER7= (R1(1)-R1{N))/ANM]
DO 60 M=2,N

#x% CALCULATE STREAMLINE RADII
R1{M)= R1{M=1) - ER?
s+x CALCULATE AXIAL VELOCITY AT FACH RADIUS

TEMP  ={ER1/R1{(M)-ER2*¥ALOG(RLI(M))-ER3*RL1(M) - ERGHRLI(M)%*x2 -
1 ER5%R1{M)*%3 - ERG6¥R1(M)*%x4 + K1)
IF (TEMP.GE.O.) GO TO 80CS
WRITE (€,8004)
8004 FORMAT (//A1H AXTIAL VELOCITY IS NEGATIVE FOR SCME RADIAL LOCATION
1AT INLET )
GO 70 10
8005 VZI1(M)=TEMP**,5
60 CONTINUE

**% END SECTION ITI
*¥%%x CALCULATF CONSTANTS

00GM1= 1./(GAM-1.)
CON1= 5C056.*%CP
CON2= CON1=*TTI]
CON3= 22,174%GAM*RM
CON4= UTIP1I/RTIPLE
CON5= .5%CON1
CONé= GAM/(GAM-1,)
CONT= (GAM-1,)/2.
CONB= (GAM-]1,)/GAM
RETURN

10 IFLAG=1
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RETURN
END
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$IBFTC MIDDLE DO,NOLIST

C

InNe!

e%%x  MIDDLE SUBROUTINE

SUBROUTINE MIDDLE

REAL MW NOR NPS MSH K1y MIP,K2,M2,K3

REAL M1, MT]1,MZP,M7272,Mm3,M72

DIMEANSION le11’7”21(11,1M2p(11’vM22(ll)1M3(11’vMZ3(11)!A3(11)

DIMENSION VTZDTI(50’vNPR(SC‘oSRTIP(SOPoARR(SO,yDTIPZ(SO)’DHZ(50.'
IARHL(SO'qﬁRTL(SO)vDRT(SU)'BZ(5U’vC2(50’vDZ(SO)vEZ(su'vVT3UTZ(5U"
ZNPS(SC).SSH(SOI.ARF{EO).DT[PB(SO).DHB(SO!.ASHL(SO).ASTL(SO)'
3DSHISC) MSHISS) 4BPSHISL) 4B3(50),L3(50),D3(50) ,E3(50)

DIMENSION VZl(li’le‘JllvVCl(11,9RHCSI(11)'BETAl(ll,vBETAlp(ll)'
IVIP(ll)yMlp(ll"TTl(ll)val(ll'vRSlVZl(ll’vACNE(ll,9R2(11’vU2(11’f
2V02011)4TT2(110,VZ22(11),PT2(11) RHOT2(11),v2()1),RHOS2(11),
3BETA2‘11"BETAZD(11’ovzplll’vDR(ll"T52|11’9ATWO(11’vM2(ll’!
4PRI(11’.HQR(11),ZQ(11’0Q52V72(111,ATU(ll)vTT3f11'v93(11'9V03‘11"
SPT3(11',RHDT3(11)vV3(11)1QHCS3(11’vBETA3(11’vDS(11)vHSB(II,v
6ZSTI11.RS3VZ3(L1L) JATHRE (11 ,WW3{(1])

DIMENSINN RI[0111,4VI(12),VvZ3(12)

CIMENSION ARHD{5C) 4 ARTN(SLY yASHD(50) ,ASTD{50),RET1D(11),BRET1IPD(11)
1,BET2D(11),8ET2PD(L1L1),RETID(LIL) yBRPSDISUY,TITL(12)}

CIMENSICN BO(SC),ARND(ED)}ASCI50)

COMMON /CRHEC/IFLAG,ASLIM

COMMON /CQ”Z/pTIvTT"anlvCCNZoCCN3vCON4:CDG”1'HI’C1vDI'El

COMMON /COMH/IGOvlTSq[TR.IGPT'I[811!Dy[IM,FACTDR,ANMI.CONO,CDN?Q
1CCNS8, ITAL?Y

COMMON lo[NC.IPRZCN’VTZOYIONPRvSRT[vaRRI'DTIpZ'DHZ'ARHD'ARTD'DRT'
IPZSAVEpCZvDZvEZ'VT3GT21NDSvSSHVAPSIyDTIP3QDH3vASHD'ASTD'DSHQMSH'
ZBPSDV 830C30031E37 Nl ian'TRn'ETAr]'RC' TR'ETA' RTIpl 'ARR|AR5|RH1' RTIPZ
3vRH2.PTIP?.RH3,BR-BSv"vBETleBETAlgBETlPDvBETAIPoRloUlvVZlvVOlyVlv
4v1P.MlP.M1.MZl,BETZD.BETAZ.BETZPD.BETAZP.RZ.U2'Vl2.V02.V2,VZP.DR.
SsznMZvMZZvBET3DvBETA?1R31VZ30V030V3QDSy"3vHRR'ZR,NSB,ZS,HZ3,ALPST
6+ ALPSE, IFRROR

COMMON JPR1.K1,UTIPY,RM,RHOTY,AONE,RSIVZ]1 ,NM] sRHOS1,TT1,PT1,W2,
1EHAvVZTIPZvAZGoAZEvKZvITALIvALPRHvRHNEN'ANEH'TAARTL,TAARHL,AE;BE,
ZCE.ALPRT.RTNENqBZ.TTZ'PTZoRHOTZgPHﬂSZvTSZ'ATHO.PRI,ATC.RSZVZ?
3.UT[P29V0TIPZvaQvSvTy[TALZvAAoBB'CCoDDyITAL3|BPSHyW3yA3G'A3E'PT3'
4VZTIP3'K3,pRH3qDROH3,TRHB:TROH3'TT3'RHOS3vTAASHL.TAASTL'ASHLgASTL.
5A3, ATHRE,RS3vZ3,wWw3,1TAL8,AF,BF,CF,DF
64 VZTTIPOARHLLARTL,,RHCT3,TITL,B0O,ARC,ASD

250 ITALL = O

=1
N=N
NM1=NM]
160=1
ITR=0

*%x ALTER THE COEFFICIENT OF 1/R IN THE TANGENTIAL VELOCITY
®%xx POLYNOMIAL TO SATISFY MACH NUMBFER LIMIT

IF (IOPTLEQ.D} GO TN 4CC
DF1=M2{N)=-MSH(I)
IF (DF1) 282,250,251
*%% START SECTION XITI (CONTINUED AT ST. 401)
IF (M2IN)JLE.MSH{T)) GC TO 260

€O Y0 401
IF (ITAL2.EQ.O0) GO TO 260
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257
259

280

401
2337

[IF (ABS(NF1/MSH({I)).LE..COLl) GO TC 252

DFL1=DF1
BL1=R2( 1)
[IM=1

B2(1)=BH1-DFH1*(BH1-RLL) /{DFH1-DFL1)

ITAL2=TTAL2+]
*%% CHECK LOGOP CCUNT

IF (ITALZ.GE.S50) GO TO 3010
ALPRH=0.0

ALPRT=0.0

ARR( T)=ARRI

G0 70O 258 :

IF (ITALZ2.EQ.Q) GO 70O 280

IF (ABS{DFL1/MSH(I)).LF..001) GO TC 252

NFE1=DF1

BH1=B2( )

IF(1IM.GT.0) GO TO 257
B2{ T)=CH1%R2( 1)

G0 TO 259

CF+1=DF1

eH1l=82(1)

*x%x SECTION XIII! (CONTINUED)

WRITE (€,2337)

FORMAT (1HO3UX42H*%* STATOR HUB MACH NO. LIMIT VIOLATED #**x / )

*%& CHECK LOOP CCOLUNT

IF (ITALZ2.GE.S0) GO TO 3010
ITALZ2= ITALZ + 1

AA=MSH( 1)%%2«CON3*FAC TOR
BB= AA/CONI1

CC= -BB*U2(N)/(1.+88)

DD= (VZ2(N)#%x2%(1,+BEB)I-AA=TTL(N)+2.*BB*UL(N)*VC1(N}}/(1.+88)

TEMP=CC#%2-0D
IF [TEMP.GE.O.) GO TO 8c27
WRITE (&,8026)

8026 FORMAT(//106H IN CORRECTING FOR EXCESSIVE HUB MACH NUMBER AT ROTOR
1 EXIT, SQUARE ROOT OF NEGATIVE NUMBER WAS ENCCUNTERED )

8027

258
6070

GN TN 3500
VO2{N)=-CC+SQRT{TEMP)

B2(T)=R2(NI*VO2INI=C2(T}*R2(NI-N2 (1) *R2 [N) #*2-E2([)*RZ(N) **3

ALPRH=Q.

ALPRT=0.,

ARR( I )=ARRI

[F (INPT.EQ.Q0) GO TO 258
CHL = 0.S5

[F (BFl.6T.B2(1)}) GC TO 258
CH1 = 1.05

**¥ TEST THE OUMP TRIGGER

IF (IPR1-1) 140,€6C70,6C70
CALL OUT4
GO TO 140



&% END SECTION XIIY

252 M2(N)=MSH(T)
26C ITAL2= 0
[1M=0

*xx CHECK RELATIVE FLOW ANGLE. 1IF LESS THAN THE LIMIT, ALTER
*&x THE COEFFICIFENTY OF 1/R IN THE TANGENTIAL VELOCITY PCLYNOMIAL

IF (I0PT.EQ.V) GO TO 410
DF2=RETAZP(N}-BPSHI(I)
IF (DF2) 2814299,28B4

*%% START SECTION XIV (CONTINUED AT ST. 411)

41C IF (RETA2P(IN).GE.BPSH(I)) GC TD 26§
GO TN 41}
284 IF (T1TAL2.EQ.D) GO TO 299
I (ABS(DF2/BPSH{I})).LE..GCO1) GC TC 282
DFL 2=0F2
EL2=R211)
IIB=1
2F7 B2(11=BrZ-DFH2*(BH2-BL2)/(DFH2-DFL2)
289 (TAL3=]TAL3+]

#%x% CHECK LOOP COUNT

IF (ITAL2,.G6E.50) GO TO 3820
ALPRH=0.0
ALPRT=0.0
ARR( I})=ARRI
GO 1D 268

281 IF (I1TAL3.EQ.C) GO TO 290
1F {ABS(DF2/3PSH{Il)).LE..CD1) GO YO 2R2
DFF2=0F2
BH2=R2(TI)
IF {(1IB.GT.0) GOYOD 2€7
B2{T)=CH2*R2{ 1)
CO 1D 28BS

290 DFF2=DF2
BH2=B82(T1)

*%%x SECTION XIV (CONTINUED)

411 WRITE (£.,234))
2340 FORMAY (1HO3OX4TH**%x ROTOR HUB RELATIVE ANGLE LIMIT VIOLATEC #x%/)

*¥xx CHECK LOCP COUNT

IF (ITAL3.GE.50) GO TO 3020

ITAL3= TYAL3 + 1
B2U1)=(U2(N)=VZ2{N)=SIN{BPSH{I))/COS(BPSH{T})I*R2(N)~C2LI1)2R2(N)-
1D2(T)#R2[N)*#2-FE2{] )2R2(N}* %3

ALPRH=0.

ALPRT=0.

ARR( [ )=ARR]

IF {I0PT,EQ.0) GO TO 268
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CF2=0.95
IF (BF2.CT<B2(I)) GG TG 2¢€8
Cr2=1.0¢
s3% TEST THE CUMP TRIGGER
268 IF (IFR1-1) 14C,6C8C,6C8C
6080 CALL CUTS
€C TG 14C
*2% ENC SECTICN XIV
282 BETAZ2P(N)=EPSH(I)
#3% START SECTICN XV
+%% WE FAVE SATISFIED ALL TESTS — GFF TC STATCR CALCULATICNS
ss% BEGIN STATGR EXIT CCMPUTATICNS
#%& RESET LCCP COUNTERS

259 ITAL2=0
11€=0

s%¢ CALCLLATE BLACE AXIAL LENCTF
300 BS=(RTIPZ - REZI/ARSLI)
" #%% CALCLLATE STATQOR EXIT TIP RACILS
RTIP3= RTIPZ & ES*SIN(ALPST)/CCE(ALPST)
#3% SET TCTAL TEMFERATULRE Al THE TIP
TT3(1)= 172(1)
#%% CALCULATE STATICN EXIT FUB RACILE
RE3= RRZ € ES*SIN(ALPSH)/CCS(ALPSH)
*#3% CALCULLATE TIP ANC FLB STREAMLINE RACIHI

R3(11=SCR1(ETIP3(l)‘R1IP3¢*25(l.—EIlP3(l!)*PFB*'Z)
R3IN)=SCRT(CH3(1)#RF3%*2u{1.~-Ch3( 1) )*RT[P3*%2)

s3% CALCULATE CECMETRIC AREA CF STATCR EXIT
A3G= 3.1415GZE*(RTIP3**2 — RE2%3%2)

ss» CALCLLATE EFFECTIVE AREA CF STATCR EXIT
A3E= 3,141562€%(RZ(1)%%2 - RI(NI*#2)

s%% CALCULATE CESIRED AxIAL VELCCITY AT TrRE TIP
VITIP2= VITIPe#vTZICT2L1)
ERL= 2.*B3(1)*C3( 1)

ER2= 4 $E3(I)#L3(1)62.8C2(1)%%2
ER3= €.*R2({I)*E3(1)Go.*C2(1)*L3(1)

B-21



(@]

OO0 0

ERG= &4, *C3(TI*E3{1)+2,%D3(] )2
ERS5= 10.*D3(T)*E3(T113¥/2.

ER6= 1.5%E3(])*%x2

*#% CALCULATE CONSTANT OF INTEGRATION

K3= VZTIP3*%2 -~ ER1/R3{1) + ERZ2*ALOG{R3I({1)) + ER3I*R3(1) ¢ ER&%

1 R3(1)1%%2 + ER5%R3(1)1*%3 + ERO6*R3I(1)*%x4 -~ CONL1*TT3{1)

##% SET AXIAL VELCCITY AT THE TIP
302 VZ3(1)= VITIP2

«xx END SECTION XV

#%% START SECTION XVI

ER7= {R3({1)-R3(N)})/ANM]
DO 310 M=2,N

*xx GET STREAMLINE RADII
R3{M)= R3(M-1)-ER7

*xx SET TOTAL TEMPERATURE AT EACH STREAMLINE
TT3(M)= TT2(M)

*x%x CALCULATE AXIAL VELOCITY AT EACH STREAMLINE

TEMP=ER1/R3{M)-ER2*ALOG{R3(M))~ER3%*R3I (M) ~ERG*RI (M) *%2-ER5%RI (M} *x3

1-ERE6*R3I(M)*%x4+CONI®TTI{M)+K2
IF (TEMP.GE.Q.) GO TO 310
WRITE (6,8022)

8032 FORMAT (//67H AXIAL VELOCITY IS NEGATIVE FQOR SCME RADIAL LOCATION

1AT STATOR EXIT )
GO T0O 3500
310 VZ3(M)=SQRT(TEMP)
*&% END SECTION XVI

sxx START SECTION XVIT

**x CALCULATE WHIRL VELOCITY, ABSOLUTE VELOCITY,
*%*x TEMPERATURE, STATIC PRESSURE, TOTAL PRESSURE,
*%% DENSITY,ABSOLUTE FLOW ANGLE, D-FACTOR, (MEGA BAR,
**¥x VELODCITY, ABSODLUTE MACH NUMBER, AXIAL MACH NUMBER,

*%% L0SS FACTOR

0O 320 M=1,N

VOD3(MI= B3(I)/R3{M) + C3(T) + D3(I)*RI(M)+E3(T1%RI(M)*%x?

TEMP=TY3(M)/TTLIM)
[F (TEMP.GE.O.) GO TO BGS1
WRITE (€480€£0)

BO50 FORMAY (//58H THE ABSOLUTE TOTAL TEMPERATURE AT STATOR EXIT

1ATIVE )

G0 7O 3500 /////
8051 PT3(M)=PTL(M)*TEMP**x(NPS(I)*CON6)
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RHOT3I(M)=PTI(M)*144,/{RMETTI(M))

V3{M)= SQRT(VZI(M)**2 ¢+ VOI(MN)*%2)
TEMP=1,-V3(M)*%x2/{CON1*TT3(M))

IF {TEMP,GE.O.) GO TO 8053 .
WRITE (6,8052)

8052 FORMAT (//59H THE ABSOLUTE STATIC TEMPERATURE AT STATOR EXIT IS5 NE

8053

320

322

1GATIVE )

GO TO 3500

RHOS3{M)=RHOT3I(M)*TEMPX:(OG ML

BETA3{M)= ATAN(VO3(M)/VZI(M))

DSIM)= 1.-V2(M)/V2{M) & (VO2(M)=VO3(M))/{2.%SSHITI*V2(MI*(R2(N}+
IR3(N))I/Z(R2({M)+R3I(M)))

WSB(MI= (1le=PT3(M)/PT2(M))/(Lla=(1s/ (L +CONTEM2(M)*%2))%*CONG)
A3(M)= SQRT(CON3%®{TT3(M)-Vv3(M)*&2/CCON1})

M3(M)= V3(M)/A3(M)

MZ2I(MY= VZ3{M)/A3(M)
ZS(M)=WSB(M)®CCSIBETA3(M))I/ (2, *SSH{T)*(RH2+RH3 )/ (R2(M}+R3(M)))

sx% [NITIALIZE CALCULATICN OF MASS FLOW AND MASS AVERAGED
*x% CONDITIONS

W3=0,

PRW3= 0.
PROW3=0.
TRW3= 0.
TROW3=0.

®«% END SECTION XVII
xx%x START SECTION XVIII
%% CALCULATE MASS AVERAGED QUANTITIES

00 330 M=]1,NM1 .

RS3VZ3I{M)= (RHOS3(M)*VZ3I(M)+RHOSI(M+1)%VI3(Me1))/2,
ATHRE(M)= 2,1415G26%(R3{M)%x%2 - RI(Me]l)%%2) /144,
WW3(M)= RS3VZ3(M)*ATHRE (M)
TEMP=(PT3{M)¢+PT3(Me1))/(PTLIM)+PTL(M+1))

IF (TEMP.GE.O.) GO TN 8Q35

WRITE (6,8034)

8034 FORMAT (//63H THE INITIAL TOTAL PRESSURE AT THE INLET IS NEGATIVE.

1 BAD CATA )
GO TO 3500

8035 PRW3=PRW3+( TEMP *+CONB-1,)*WW3{M)

PROW3I=PROWI+{ ((PT3(M)+PTI(M+1))/{2.2#PTI )} *#CONB-1,)¢WW3 (M)
TRW3=TRWI+( (TTI(MI¢TTI(M+LI I/ (TTLIMITTL(Mel)) -1, )%WW3IIM)
TROWI=TROWI+({TTI(MIETTI(MEL1))/(2.¢TTII=1,) *WW3 (M)

#%2 CALCULATE FLOW RATE (w3}

330 W3= W3 ¢ WW2iM)

*%x END SECTION XVIII
#x% START SECTION XIX

*%% CALCULATE MASS AVERAGE QUANTITIES
sxx COMPUTE MASS AVERAGFD TOTAL PRESSURE RATIC
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340 RC= [(PRn3/n2E1.)*¢CCNE
*¥%% OVERALL MASE AVEKRAGED TCTAL PRESSULRE RATIC
RCC={PRCW3/n32E1.)4%CONE
*#% TCTAL TEMPEFRATURE RATIC
TR= TRn32/h2 & 1.
#sx CVERALL TOTAL TEMPEKATURE RATIC
TRC=TRCW3/hZ El.
&* EFFICIENCY
ETA= (RC**CCNE-1a4/(TR-1.)
3% CVERALL EFFICIENCY
350 ETAL=(RCC*2(LNE-1.}/{TRC-1.)
$#% (CMFLTE M8SE FLUW RATE PERCENT ERRCR
EndA= ABS({h3-n1)/W3

*¥% PREFARE TC FMAKE LIMIT CHECKS
**x FIRST TEST FOR MASS FLCw BALANCE

351 IF {(EwnAJLE..CC)l) CO TC 37:
IF {ITAL7.GE.5C) €U TC 30cCC
ITAL?= ITALT € 1

*x% TEST TFHE CUNP TRIGGER

IF {1IPR1-1) 282,€13C,€13C
6130 CALL CuTé¢

*%¢ ENC SECTICN XIX
353 IF (17S-1) 27C,354,371
#¥% START SECTICN xxvIIl
298 CALCLLATE NEm ECUIVALENT ARESD
37C ANEW= A2E € (ml-WZ)%A2E/h2
##% CALCULATE NEW HLE RACILS
TEMP=RTIP2#%;-ANER/(3.1415527%(CF2{IJECTIP3(I)=1.))
IF (TEMP.CE.O.) GL TO 8037
WRITE (€yEC3€)
8036 FGRMAT(//1CCF AREA REGUIRED TC MATCH MASS FLCh wITF GIVEN TIP KALI
1US KECUIRES NEGATIVE FUB RACIUS AT STATCR EXIT. /7 32k {CHLCK STATC

ZR EFFICIENCY INPUT) )
GC TC 3£6¢C
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8037 RUNEW=SCRI(TENP)

C #3% CALCULATE NEW HLB RAMP ANGLE
ALPSh= ATAN{(RENEW-RRZ)/BS)
GC TC 3CO

C #x% ENC SECTIGN XXVI1I

C #%3 START SECTICN XXX

C #9% CALCLLATE NEw EFFECTIVE AREA

354 ANEw=A3EL{w]l-wWZ)*23E/ W3
C #%% CALCULLATE NEw TIP RACILS

RINEW=SCRT(FHI**ZEANEW/(3.14156272(ChR2(1IE0OTIP3(L)=1e)))

C s4% CALCLLATE NEw TIP RANMF ANGLE
ALPST=ATAN((RTNEW-RTIPZ2)/ES)
CC TG 3CC

C #%% ENC SECTICN XXX

C #%% CALCULLATE NEw GECMETRIC AREA

371 ANEW=A2CE{n1-n2)%22C/ w3
c #4% (ALCULLATE NEw AXxIAL LENCTEH

TAASEL=SIN(ASHL(I})/CCSUASHLEI))
IF ( ABS(ASTL(I)) «NE. ABSCASHLI(I}) ) GC TC 356

w+s Sihani scoui ION XXXI1

(@}

RS=(RTIFZ#32-RFEZ*22—-ANEW/2.141562¢€) /12 TAASHL#{RTIF2uRHc])

GC TC 357
C #3x ENC SECTICN XXXII
C *#3% START SECTICN XxXI

356 TAASTL=SIN(ASTL({I))/CCSCASTL(D))
AE=TAASTL#%,—TAASHL#*%¢
BE={RTIFZ*TAASTL-Rr2*TAASFL)/AE
CE=(RTIP2*%-RF2*¥*%2-ANEW/3.141562€)/AE
ES=—-BEEGSCRTY(BE#*2-CE)

C #%% CALCULATE NEw ASPECT RATIC
357 ARS{L}I=(RIIFz=-RFZI/BS
GC TC 3C0
c #x% ENC SECTIGN XXXI
c #%% START SECTICN XxXxIX
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372

373

2344

2345

374

2350

358
140
3000
3010
3020

3500
360

IF (I7S-1) 373,374,360

*** [F HUB RAMP ANGLE EXCEEDS THE LIMIY, SET THE RAMP ANGLE TO
*x% THE LIMITY

IF (ALPSH.GT.ASHLI{I)) GO YO 2344

GN TO 3¢0

ALPSH=ASHL( )

ITS=1

WRITE {€,2345)

FORMAT (14U30X44H®x* STATOR HUB RAMP ANGLE LIMIT VIOLATED %% /)
GO 10 3CC

*2x% CFECK T1P RAMP ANGLE AGAINSTY ITS LIMIT

IF CALPST.GELASTLITI)) GO TO 35S

ALPST=ASTL(I)

171§8=2

WRITE (€,2350)

FORMAT (1HO30KX44H®**x STATCR TIP RAMP ANGLE LIMIT VIOLATED %=%x /)
GO YO 300

**x ENND SECTION XXIX
*xx ENSURE THAT THE TIP RAMP ANGLE IS NOTY POSITIVE

IF (ALPST.LE.O.) GO TO 360
WRITE (£,358)

FORMAT (// 46H STATOR TIP RAMP ANGLE IS PNSITIVE. BAD DATA, )
GO 10O 3500

160=2

RETURN

160=3

RETURN

1GC=4

RETURN

160=5

RETURN

1G0=6

RETURN

ENC
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$IRFTC CFECK

SUBROUTINE CHECK
REAL MW NPR,NPS MSH ,K1,M1P,K2,M2,K3

REAL M1, ,MZ1,M2PMZ22,M3,¥M13

CIMENSION M1{11),MZ1(11),M2P(111%,MZ2(11),M3(11),MZ3(L1),A3(11)

DIMENSION VT20TL(S0) ,NPR(SQ),SRTIP{50),ARR(50),0TIP2(50),NH2({50},
1ARHL(50) +ARTL(50),DRT(50),B82(50),C21(50),D2(50),E2(50),vT30T2(50),
2NPS(50)+SSH(50),ARS (50) DTIP3(50),DH3(50) yASHL{50}),ASTLI(5D),
3DSH(S50) 4MSH(50),BPSH{50)},83(53),C3(50),N3(50),E3(5C)

OIMENSION VZ1(11),Ul(11),VvO1l(11),RHCSL(11),.BETAL(11),BETALP(11),
1v1P(11),M1P(11),TT1(11),PT1{(11),RSLVZI{11),ACNE(11),R2(11)4U2(11),
2VvD2(11),TT2(11),vZ2(11),PT2{11),RHCT2(11),Vv2(11),RHOS2(11),
3BETA2{11),RETA2P(11),V2P(11),OR(11),TS2(11),ATWO(L1),M2(11),
4PRI(11),WRB(11),2ZR(11)4RS2VZ2{11),ATO(L1),T73(11),R3(11),v03(11),
5PT3({11}),R40T3(11),v3(11),RHCS3(11),BETA3({11),DS(11),WSB(11),
6ZS(111,RS3VZ3IL1L),ATHRE(11),WW3(11)

DIMENSION RLI(11),V1(11),VZ3(11)

DIMENSION ARHD(S50),ARTD(50) 4ASHD(50),ASTD{(50),BETLIO(11),BET1IPO(11)
1,BET2D0(11),BET2PD{11),BET3D(11),B8P3D(53),TITL(12)

DIMENSION B80(50),AR0(503,AS0(50)

COMMON /CHEC/IFLAG, NSLIM ,

CNMMON T,INC,IPR2,N,VT20T1,NPR,SRTIP,ARR] OTIP2,DH2,ARHD,ARTD,DRT,
1B2SAVE,C2,D2,E2,VT30T2yNPS,SSH, ARSI yDTIP3,NH3 ,ASHD,ASTD,DSH,MSH,
2ersp,B83,C3,03,E3,Wl,RCO,TROL,ETAC,RC,TR,ETA,RTIPL,ARR,ARS,RH1,RT [P2
3,RH2,RTIP2,RH3,BR,BS,M,RETLD,BETA]l,RETLPD,BETALP,R1,ULlsVZ1l,VOl,V1,
4v1P,M1P,M1,MZ1,BET2D,BETA2,BET2PD4BETA2P,R2,U2,VZ2,V02,V2,V2P,DR,
5M2P,M2,M22,BET30,BETA3,R3,VZ3,V0N3,V3,DS M3,WRByZIRWSBsZSsMZ3,yALPST
6y ALPSH, IERROR

COMMON IPRL1,K1,yUTIP1,RM,RHOT1,ACNE,RSIVZ1,NM1,RHNS1,TT1,PT1,W2,
1EWA,VZTIP2,A2G4A2E,K2,1TALLl yALPRH,RHNEW+ANEW, TAARTL,TAARHL,AE,8E,
2CE,ALPRT,RTNEW,B82,TT2,PT2,RHOT2 yRHCS24TS2,ATHC,PR],ATCO,RS2VZ2
3,UTIP2,VOTIP2,QsR¢SeT,ITAL2,AA,BB,CCoD0,ITAL3 ,BPSHiW3,A3G+A3E,PT3,
4VITIP3,K3,PRW3,PROW2, TRW3,TROW3 ,TT3 ,RHOS3, TAASHL,TAASTL,ASHL, ASTL,
SA3,ATHRE,RS3vZ3,WW3,ITAL8,AF,BF,CF,DF
6y VITIPO,ARHL,ARTL,RHOT3,TITL,BO,ARC,ASO

IFLAG=0

0O 23 [I=1,NSLIM

IF {OTIP2{1).GT.0.) GO TO 8Cl3

WRITE (6,3012)

9012 FORMAT (//57TH TIP BLOCKAGE FACTCR NCT POSITIVE AT ROTOR EX{T. BAD
1CATA )

IFLAG=1

GO TO 3500

8013 IF (Dr2(1).GT.0.) GO TO 8015

WRITE (6+3014)

B014 FORMAT (//57TH HUB BLOCKAGE FACTCR NOY POSITIVE AT ROTOR EXIT. BAD
1CATA )

IFLAG=1

G0 10 3500

8015 IF (DTIP3({I).GT.0.) GC ¥C 8029

WRITE (6,8028)

8028 FORMAT (//58H TIP BLOCKAGE FACTCR NCTY POSITIVE AT STATOR EXIT. BAD

1 CATA)

IFLAG=1

GO TN 3500

8029 IF {(DH3(I1).GT.0.) GO TO 8031

WRITE (6,8030)

8030 FORMAT (//58H HUB RLOCKAGE FACTCR NCY POSITIVE AT STATOR EXIT. BAD
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1 CATA )
IFLAG=1
GO TO 3500
8031 IF (ARTD(IV.LE.O.) GO 7O 2300
ARTD(I)= —-ARTD(I)
WRITE (6,23CG1) 1
2301 FORMAT {1HU1OXS2H**%ERROR CN ROTOR TIP RAMP ANGLE INPUT FOR STAGE
XNQOe 13,3X48HTHIS ANGLE CHANGED FROM POSITIVE TO NEGATIVE *%x //)
2300 IF (ASTD(I).LE.D.) GO TO 2310
ASTD{ I)=-ASTD(I)

WRITE (6,2308) 1
2308 FORMAT (1HO1OX53H***ERRCR CN STATOR TIP RAMP ANGLE INPUT FOR STAGE
X NOo I3,3X4BHTHIS ANGLE CHANGED FROM POSITIVE TO NEGATIVE *%% //)
2310 IF (ARKD(I).GE.O.) GO YO 2320
ARHD(I)=-ARHDI{I)
WRITE (€,2212) I
2212 FORMAT (1HO1lUXS52H***ERROR CN ROTOR HUB RAMP ANGLE INPUT FOR STAGE
XNO. I342X48HTHIS ANGLE CHANGED FRCM NEGATIVE TC POSITIVE #%x //)
2320 IF (ASHD(1).GE.O0.) GO TO 23
ASKD{1)= -ASHO(I)
WRITE (6,2222) 1
2322 FORMAT (1HO1O0X53H*#%ERRNR CN STATOR HUB RAMP ANGLE INPUT FOR STAGE
X NO. 13+3X48HTHIS ANGLE CHANGED FRCM NEGATIVE TO POSITIVE %%% //)
23 CONTINUE
3500 RETURN
ENC
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$IBFTC INLET

OO0

SUBROUTINE I[INLET

COMMON /CHEC/IFLAG,NSLIM

CCMMON /COM2/PTITT1,CON1,CON2,CCN3,CON4,00GM1,81,C1,D1,E1

REAL MW NPRNPS,MSHKLl,M1P,K2,M2,K3

REAL M1, ,MZ1,M2P ,MZ2,M3,M23

OIMENSION M1{11) ., MZ1(11),M2P{11),M22(11) ,M3(11),M23(11),A3(11)

DIMENSTON VT20T1(50)4NPR{50),SRTIP(S50),ARR(50),0TIP2{50),DH2(S0},
1ARHL(50),ARTL(50),NRT(50),B2({50),C2(50),D02(50),E21(50),VT30T2(50),
2NPS{5Q),SSH(50) ,ARS{50),DTIP3(50),DH3(S0),ASHL{50),ASTL(50},
3DSH{50Q) yMSH(50),RPSH{S0),B831(50),L3(50),D3(50),E3(50)

DIMENSION VZ21(11),U2(11),v01(11),RHOSI(11),BETAL{11),BETALP{11),
1viP(11),M1P{(11),TTI(11),PT2 (1)) ,RSLIVZL(11),AONE(L1L),R2{12),U2{(11),
2Vv02111),TT2{11),VvZ2(11),PT2{11),RHOT2{11),Vv2(11),RHOS2(11),
ABETA2(11),BETAZ2P{11),Vv2P{(11),DR(11),T7S2(11),ATWO(L1)4M2(11),
4PRI{11)yWRB(11),ZR(11),RS2VZ2(11) ,ATO(L1),TT3(11),R3(11),VO3(11),
SPT3(11),RHOT3{11),V3(11),RHCS3(11),8ETA3({11),0S(11),WwSB(11),
62ZS{11),RS3VZ3(11),ATHRE(11),WH3(11)

DIMENSION RLI1I1),VI(11),VZ3(1]1)

CIMENSION ARHD(S0),ARTD(S5C) ASHD(50),ASTD(50),BET10(11),BET1PO(11)
1,BET2D(11),RET2PDO(11),BET3D(11),BPSD{(50),TITL(12)

DIMENSION BO(50),AR0{50),AS0(50)

COMMNON T4INC+IPR2,NsVT20T1 NPR,SRTIPL,ARRI (DTIP2,DHZ+ARHD,yARTD,DRT,
1B2SAVEC24D24E24VT30T2yNPSySSH,ARSI ,OTIP3,0H3,ASHD,ASTDN,DSH,MSH,
28PSDyB3,C34D3,E34 WL RCO,TRALJETACJRL,,TRyETA,RTIPL1,ARR,ARS,RH]L,RT P2
3,RH2,RTIP3,RH3,BR,BSyM,BET1D,B- TA1,BRETL1PD,BETALlP,RY,ULl,VZ1,VOl,V1,
4V1P, M1P,M1,M21,BET2D,8ETA2,BET2PD,BETAZ2P,R2,U2,V22,V02:V2+V2P,DR,
EM2P,M2,M22,BET3D,BETA3,R3,VZ3,V03,4V34yDSyM3,WRB,ZR,WSBy2S,MZ3,ALPST
6, ALPSH, IERRQOR

COMMON IPR1,K1,UTIPl,RM,RHOT]1,AONE+RS1VZ]l NML,RHOS1,TT1,PT1,W2,s
1EWA,VZTIP2,A2G A2E,K2,ITAL] JALPRHyRHNEW ,ANEW, TAARTL,TAARHL,AE,BE,
2CE,ALPRT,RTNEW,B82,TT2,PT2,RHOT2 4RHCS2,TS2,ATWC,PR]I ,ATO,RS2VZ2
FUTIP2,VOTIP2,QsR S+ T, ITAL2,AA,BB8,CC,DD,ITAL3,BPSHyW3,A3GoA3E,PT3,
4VITIPI,K3,PRW3I,PROW2, TRWI,TRCW3,TT3 ,RHOS3,TAASHL,TAASTL ,ASHL,ASTL,
5A3,ATHRE,RSIVZ 3, WW3,ITAL8,AF,BF,CF,DF
6o VZITIPOJARHL ARTL,RHOT3,TITL4BOL,ARC,ASO

*x% CHECK ON THE INPUT PARAMETERS OF THE ROTOR HUB AND TIP
BLOCKAGE FACTORS, THE STATOR HUB AND TIP BLOCKAGE FACTORS
AND THE RAMP ANGLES FOR ALL STAGES
IFLAG=0

#%% START SECTION IV

€N B0 M=1,N

ULl(M)=CON4%R1(M)

VO1{M)=B1/R1(M) + C1l + DL1*R1(M} ¢ EL*R1(M)*=*2
VI(MY= SQRT(VZ1{M)=*x2+VQOl(M)*2%2)
TEMP=1.-V1(M)x%2/CON2

IF {(TEMP.GFE.0.) GO TO 8GC7

WRITE (6,8006)

8006 FORMAT (//55H ABSDLUTE STATIC TEMPERATURE AT ROTOR INLET IS NEGATI

1VE )
[FLAG=1
GO 1O 10

8007 RHOS1{M)=RHOT1+#TEMP**(Q0GM1

BETAL(M)= ATAN(VOL(M)/VZI1(M))
BETALP(MI=ATAN(C(UL(MI=-VOL(M))/VIL(M))
VIP(M)=VZ1{(M) /COS(BETALP(M)})
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TEMP=CON3%(TTI-V1(M)*%x2/CON1)
IF (TEMP.GE.O.) GO TO 8CO09
WRITE (6,8006)
IFLAG=1
GO T0 10
BOOS M1P{M)= VIP{(M)/SQRT(TEMP)

TTl(M)= TTI
ML(M)=VL(M)/SQRT{TEMP)
MZ1{M)=VZ1(M)/SQRT{TENMP)

80 PT1{M)= PTI

c s*x END SECTION IV

C ®%x START SECTION V

C #x%x CALCULATE MASS FLOW
9C Wl= 0.

00 100 M=1,NM]

RS1IVZ1{M)= (RHOS1(M)*VZ1(M)+RHOSL(M+1)%VZ1(M+1))/2,

AONE(M)= 3,1415926% (R1(M)*R1(M)-R1(M+1})*R1(M¢+1))/144,
100 wl= Wl ¢ RSIVZ1{M)®ACNE(NM)

c *=%% END SECTION V

10 RETURN
END
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$*
S$IBFT

6000
6001
5003

6002
6005

5020
6024
6026
6025
6015

6027

C NuUTl LIST

SUBROUTINE QUT1

REAL MW, NP NPS,MSH,K1,M1P,K2,M2,K3

REAL M1 MZ1,M2P,M22,M3,M23

DIMENSION M1(11),MZ1(11),M2P(11),MZ2(11),M3(11),M2Z3(11),A31(11)

DIMENSION VT20T1(50) NPR(5Q),SRTIP(50),ARR(50),NTIP2(50),DH2(50),
1ARHL{50),ARTL{50),DRT(50),82(50),C2(50) ,D2(50) ,E2(S0),vT3AT2(5u),
2NPS{50)sSSHISIY,ARS(50) yDTIP3I(S50),DH3I(50),ASHL{S50),ASTLI(5D),
ADSHISCY yMSHIS50),BPSH{50),B3(59) ,L3(50),03(50),F3(50)

DIMENSION VZ1{11),Ul{11),v01(11),RHES1(11),BETAL(L1L),RETALP(1]),
1viP(11),M1P(11),TT1(11),PT1¢{11),RS1VZ1(11),ACNE(LL},R2(LL),U2(11),
2VO02(11) ,TT2(11),vZ22(11),PT2(11),RHOT2{L1},v2(11),RHOS2({11),
3BETA2(11),BETA2P(11),V2P(11),DR{11),TS2(11) ,ATWAO{11),M2(11),
4PRI(11),WRA(LL1),2R(11),RS2VZ2{11),ATO(11),TT3(LL),R3{11),v0O3(1L]),
SPT3(11),RHOT3(¢(14),V3(11),RHCS3(11),BFTA3(11),DS(11),WSB(11),
6ZS111),RS3VZ3({11),ATHRE(11),WW3(11)

DIMENSION R1(11),v1(11),vZ3(1l]1)

DIMENSION ARHD{S50),ARTD(S5C),ASHD(50) ,ASTD(50),3FT10{(11),BET1PD(11)
1,BET2D(11),BET2PD{11)BET2N(11)4BPSN(50),TITL(12)

DIMENSION BO(50),ARQ(S0),ASCI(59)

COMMON 1,INC,1PR2,N,VT20T1,NPR,SRTIP,ARRI DTIP2,DH2,ARHD,ARTD,DRT,
1B2SAVELC2,02,E2¢VT30T2,NPSySSH,ARSI 4DTIP3,DH3,ASHD,ASTD,DSHyMSH,
ZBPSD'BB.C3.03.E3.HI.RCO.TRO.ETAO.RC.TR,ETA.RTIPI,ARR,ARS.QHL.RT[PZ
3.RH2.RT‘P3,RH3'BR'BSqN.BEWID'BETAIyﬂETlPDoRETA190919U1'VZIvVOIvVIv
4V1p,M1P,M1,M21,BET2D,BETA2,BET2PD,BETA2P,R2,U2,VZI2,V(02,V2,V2P+DR,
5M2P ,M2,M22,BET3D,BETA3,R3,V23,V03,V3,DSsM3,WRA,ZR,WSB,25,MZ3,ALPST
69 ALPSH, [ERROR

COMMON [PR1,K1,UTIP1,RM,RHOT1,ACONE,RSIVZL  NM]L,RHOSL1,TTL,PT1,W2,
1EWA,VZTIP2,A2G ¢A2E K2, I TALL yALPRH,RHNEW ,ANEW, TAARTL,TAARHL,AE,BE,
2CE,ALPRT I TNEW,RB2,TT2,PT2,RHNT2 ,RHOS2,TS2,ATWO,PRT,ATQ,RS2VZ2
39UTIDZ'VOT[P29Q0R'S'T'ITALZpAA,BBvCC,DDp[TAL393PSH'H37A3GyA3E'973'
4VZT[Pa,Ka,PRN3'pROH39TRN3.TROH3'TT3.RHQS3,TAASHL.TAASTLpASHL.ASTL'
SA3, ATHRE,RS3VZ2,WW3,ITALR,AF,BF,CF,DF
6o VZTIPO,ARHL,ARTL,RHOT3,TITL,B0,ARC,ASD

GO TO (6L0C,60L20),1PR]

WRITE (6,6001) WlyKl,UTIP]1,RTIP1,RM,RHOTL

FORMAT (1HOL13X2HW118X2HK1IL7XSHUTIPLLISX5HRTIPL14AX2HRMLITXS5HRHCT1//

1 6E20.8 /// )

WRITE (£&£,5003)

FARMAT (13X2HR11BX3HVZLI17X3HVOYl //)

DO &CL2 M=1,N

WRITE (H,A005) RL{MI,VI1(M),VOLl{M)

FORMAT (3F20.8)

RETURN

WRITF (6,6001) W1.K1l,UTIP1,RTIPL,RVN,RHOT]

WRITE (6,5024)

FORMAT (1HOL1X2HR114X3HVZ114X3HVOLL15X2HML 14X3HMZ] 14X3HMLIP 14X
13HVIP / /)

CO 6026 M=1,N

WRITFE (4.6025) RL{M)4VZL{M),VvAL(M), ML(M), MZL(M),M1P(M),V1IPIM)

FORMAT (7E17.8)

WRITE (£,6C15) (ACONF (M) ,RS1VZI1 (M) ,M=1,NM1)

FORMAT (1HO9X4HAONE 12XAHRSLVZL//(2F17.811)

WRITE (6,50271)

FORMAT (1HO J11X2HU115X2HV1I13XSHRHCS112XSHAETALL2X6HBETALPL2X3HTT]
1l 14X3HPTL //)

CO 4028 M=1,N
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6028 WRITE (646025) UL{M),V1IM},RHOS1 (M) 4BETAL(M),BETALP{M),TT1(M),
1 PT1(M)
RETURN
END
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%
$IBFTC QUT2 LIST

SUBROUTINE QUT2

REAL MW ,NPRNPS MSH,K1,M1P,K2,M2,K3

REAL M1l,M21,M2P,M72,M3,M23

CIMENSION M1{11),MZ1{11),M2P{11),MZ2(01) ,M3(21),MZ3(11),A3(11)

DIMENSION VT20T1(50) ,NPR(BU),SRTIP({S50),ARR(50),DTIP2(50),0H2(50),
1ARHLI{50) ,ARTL(50) 4DRT{50)482(50),C2(50),02{50),E2{50),VT30T2(50),
2NPS{SC),SSHIS0)+ARS(50) 4NTIP3(50),D0H3(50),ASHL{50),ASTL(50),
3DSKH{S0) yMSHISU) yBPSHI50) 4B83(52),C3(50),03(50),E3(%0)

CIMENSION vZ1(11),U2(11),vOr(11),RHCS1(21),BETAL(11),BETALP(LL),
1viP{11),M1P{21),TT2(11),PTL(11),RSL1VZL(11),ACNE(LL),R2(11),U2(11),
2vN2{11),TT2(11),VvZ22(11),PT2(11),RHOT2(11),v2(11),RHOS2(11),
ABETA2{11),8ETA2P(11),v2P({11),DR({11),TS2{(11),ATWO(1L},M2(112),
4PRI{11),WRB{1Y),ZR(11),RS2VZ2{11),ATOO(L1)},TT3(11),R3(12),VO3(1L1),
SPT3(11),RHOT3(11),Vv3{11),RHOS3{11),BETA3(11),NS(11),wSBI(1L1},
6ZS111),RS3VZI3(11),ATHRE(11),WW3(11)

DIMENSION RL1{11},Vv1(11},vZ3(11)

CIMENSION ARHD(50),ARTD(50) ASHD{50),ASTN(50)+BET1D(11),BETLIPD(11)
1,BET2D(11),BET2PD(11),BFT3D(11),BPSD(50),TITLI12)

CIMENSION BO(50),AR0(50),ASC(50)

COMMON T,INCsIPR2,N,VT20T1,NPR,SRTI®P,ARRI,,O0TIP2,DH2,ARHDyARTD,DRT,
1B2SAVELC24,D2+E2,VT30T2,NPS,SSH, ARSI yDTIP3,0H3 ,ASHD4,ASTD,DSH,MSH,
2BPSD¢B3,C3,D3,E3,WLRCO,TROL,ETAO,RC,TR,ETA,RTIP1,ARR,ARS,RH1,RTIP2
3,RH2,RT[P2,243,BR,BS,M,BETLD,BETAYl,RFT1PDWBETALP,R1,Ul,VZ1,VC1l,V1,
4Y1P,M1P,M1 ,MZ1,BET2D,BETA2,BRET2PDRETA2P,R2,U2,+,V22,V024V2,4V2P,4DR,
SM2P,M2,M22,BET3D,RETA3,R3,VZ3,V03,V3,0S+M3,WRB,2ZRsWSB,ZS,MZ3,ALPST
&y ALPSH, IERRDR
COMMON IPR1,K1,UTIP1l,RM,RHOT1,ACNE,RS1VZ]l,NM1,RHOSL1,TT1,PT1,W2,
1EWA,VZTIP2,A2G A2E4K2,ITALY yALPRH,RHNEW,ANEW, TAARTL ,TAARHL,AE,BE,
2CELALPRT RTNEW,B2,TT2,PT2,RHOT2,PH0S2+TS2,ATWD,PRT,ATOs4RS2VIZ2
2,UTIP2,VOTIP2,Q,R Sy T,1TAL2,AA,88,CC+DD,1TAL3,8PSH,W3,A3G,A3E,PT3,
4VITIP3,K3,PRW3I,PROW2, TRWI,TROW3 ,TT3 ,RHOS3,TAASHL, TAASTL,ASHL,ASTL,
SA3,ATHRE,RS3VZ3,WW3,ITALR,AF,BF,CF,DF
6o VITIPO,ARHL, ARTL,RHOT3,TITL,80,ARC,AS(

GO TN (6050,6055),1PR1

6050 WRITE (A,5051) BRIRTIP2,VITIP2,Wl W2,EWA,BETA2P(N},M2(N)},B2(1)
6051 FORMAT ([ 1HOBX2HBRSXSHRTIP2TXO6HVITIP210X2HW111X2HW211X3HEWASXIHBETA
12P(N)7XSHM2(N)IBXSHR2(I) //9F13.5 //)

RETURN

6055 WRITE (645C51) BRRTIP2,VZITIP2,Wl W2 ,EWA,BETA2P{N),M2(N),R2(1)

WRITE (A,6056) RH2,A2G,A2E,K2

€056 FORMATIIHOL2X3HMRH21 7X3HAGLTX3HA2ELTX2HK2 // 4E20.8 ///711X3HVIZ2
114X2HR215X2HU215X3HVO214X3HTT214X3HPT212X5HRHATZ // )

6025 FORMAT(7E1T7.8)
CN 6057 M=1,N

6057 WRITFE (6,5025) VZ2(M),R2{M)U2(M),Vv02(M),TT2(M),PT2(M),RHOT2{M)

WRITE (6,56058)

6058 FORMAT (THO/9X2HV21 4XSHRHOS212XSHBETA212X3HV2PL5X2HDR1IS5X3IKTS2 // )

DN &£GS59 M=1,N

5059 WRITE {6+5025) V2(M),RHOS2( M) BETA2(M),V2P{M},DR(M),TS2(M)

WRITE (695C60) (ATWO(M)  M2( M) MZ2(M) ,M2P (M) 4PRI(M)WRB(M),ZR(M),
IM=1,N)

6060 FORMAT (1HO7X4HATWO13X2HMZ21Z2X3HMZ212X3HV2P12X3HPRIL2X3IHWRB13X2HZR
17/(7E1S5.7))

WRITE (6,6061) (ATO(M),RS2VZ2({M),M=1,NM1)

5061 FORMAT (1HULLX3HATO11X6HRS2VZ2//7(2E17.81))
WRITE (6,450562) ITALL,ALPRH,RHNEW, ANFW, TAARTL,TAARHL,AE,BE,CE, ARR( T
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1), ALPRT,RTNENW
6062 FORMAT (lHO/TXSHITALI12X5HALPRH12X5HRHNEH13X4HANEH12X6HTAARTL11X6H

1TAARHL //111,6X5E17.8 f/GX2HAELSX2HBELIS X2HCEI3X6HARRI T} 11 XSHALPRT
Z12X5HRTNEW //6E17.8 )

RETURN
ENC
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1 3.

$IBFTC OUTPUT

c

%% QUTPUT SUBROUTINE

SUBROUTINE QUTPUT

REAL MW NPR,NPSMSH,K1l,M1P,K2,M2,K3

REAL M1 ,MZ1,M2P,MZ2,M3,M23

DIMENSION Ml(llivMZI(II)szpfll’vMZZ(ll’vM3(11)vMZ3(11) A3(1ll)

DIMENSION VT20T1{50) 4NPR(50),SRTIP(50),ARR(50),0F1IP2{50),0H2(50),
1ARHL{50),ARTL(50),DRY(50),B2(50}),C2({50),02(50),E2(50),VT30T2(50),
2NPS{SG) ¢ SSH(S50) yARS{SO) 4DTIP3(50),DH3{50) +ASHL(50),ASTL{501},
3DSH(50) 4MSH(50),BPSH{50),83{50),C3(50),03(50}1,E3(50)

DIMENSION VZ1(11),Ul(119,vOR(11),RHOS1(11),BETAL(11),RETALIP(1]),
IVIP(11),MIP{L1),TTI(11),PTL(11),RS1IVZ1(11),ACNE(L1]1),R2{(11),U2(11),
2v02{11),TT2(11),VvZ2(11),PT2(11),RHOT2(11),V2(11),RHOS2(11),
3BETA2(11),BETA2P{11),Vv2P{11),DR(11),TS2{11) ,ATWO(11),M2(1110,
4PRI{11),WRB(11),ZR{11),RS2VZ2(11),ATO(11),TT3(L1),R3(11),V0O3(11),
SPT3(11),RHOTI(1Ll),V3(11),RHOS3(11) ,BETA3({11),DS{11),WSBI(11),
62S(11),RS3VZ3(11),ATHRE(11),WW2(11)

CIMENSION R1I(11),V1(21),VZ3(11)

DIMENSION ARHD{50),ARTD{5C) ASHD(50),ASTD(50),BET1D(11),BETL1PD(1l)
1,BET2C(11),BET2PD(11),BET3D(11) ,B8PSD(50},TITLI(12)

DIMENSION RD(50),AR0{508) +ASC(50)

COMMON 1,INC,IPR2,N,VT20T1,NPR,SRTIP,ARRI,OTIP2,DH2, ARHOD,ARTD,DRT,
1B2SAVEC2+N2+E2,VT30T2yNPSySSHo ARSI yDTIP34,DH3,ASHD,ASTD,DSHyMSH,
28PSD,B3,C3,03,E3,Wl,RCO,TROL,ETAQ4RC,TR,ETA,RTIP1,ARR,ARS,RHL1,RT P2
3,RH2,RTIP2,RH3,BR,BS,MyBETLD,BETAL,BET1PD,BETALP,R]1,Ul,VZ1,VOl,V1,
4V1P,M1P, M1, MZ1,BET2D4BETA2,RET2PD,BETA2P,R2,U2,VI2,V02,V2,V2P,+DR,
5M2P,M2,M22,BET3D,BETA3,R3,VZ3,V03,V3,05,M3,WRB,ZR,WSB,ZS+MZ3,ALPST
69 ALPSH, [ERRQR

COMMON IPR1,X1,UTIP1,RM,RHOT1,AONE,RS1VZ]1,NM1,RHOS1,TT1,PT1,W2,
1EWA, VZITIP2,A2G,A2E,K2, I TALL yALPRH,RHNEWANEW, TAARTL ,TAARHL,AE,BE,
2CEZALPRT,RTNEW,B2,TT2,PT2,RHOT24RHCS2,7S2,ATW0,PRTI,ATC,R52VZ2
3,UTIP2,VOTIP2,Q+R ¢Sy ToITAL2,AA,RB,CC,D0,ITAL3,RPSH,W3,A3G,A3E,PT3,
4V2TIP3,K3,PRWI,PROWZ,TRW3,TROW3 ,TT3 ,RHOS3,TAASHL,TAASTL,ASHL,ASTL,
SA3,ATHRE,RS3VZ2,WW3,ITALR,AF,BF,CF,DF
6y VZTIPO, ARHL,ARTL4RHOT3,TITL,BO,+ARC,ASO

®xxx SECTION XXI (COCNTINUED FROM MAIN)

*®% WRITE TITLE

500 WRITE (6&£,2020) I

2020 FORMAT (1H14L1X3TH*x*a%%xk%x S T A G E D AT A =kkxxxk%x //54XIHSTAG

1€ NO. I3 //)
INC=1
IF (IPR2,GT.0) INC=N-1
*%x WRITE ROTOR TITLE

WRITE (&,2030)

2030 FORMAT( 49X24H*%x* ROTOR INPUT DATA =*xx / )

#xx WRITE ROTOR INPUT QUANTITIES AND TITLE FCR STATOR

WRITE (6,2040) VT20TL1(I)4NPR(L),SRTIP(I),ARR]T ,OTIP2(1),0H2(I),
1ARHD(I),ARTD(T),0RT(1),BPSD(I),R2SAVE,C2(1),D2(1)4E2( 1)

2040 FORMAT (/65X3HTIPL2X3HHUBLOXOHMAX ANGLESX9HMAX ANGLE/12H AXIAL VE

1L.SX1OHPOLYTROPICAHXBHSOLIDI TYSXSHASPECT8X3HBLOCKAGETXBHBLOCKAGETX
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(8]

29HHUB TAPERSXSHTIP TAPER /4XSHRATIOS8XIOHEFFICIENCYTXO6HAT TIPOXSHRA
3TID1IOX6HFACTORSX6HF AC TORBXIH({DEGREES) SXOH(DEGREES) //F10.445F15,.4,
42F15.3 //16X13HMIN REL., FLOW39X44HCOEFFICIENTS IN TANGENTIAL VELOC
51TY EQUATION /30H MAX RCTOR ANGLE ROTOR HUB /2TH DIF. FACTOR

6 (DEGREFS)I40X1IHB14XIHC14X1IHD14X1HE //F10.44F16.4,31X,

T4F15.4 //74TX25He%x% STATOR INPUT DATA **¥x )

*%%x WRITE STATOR INPUT QUANTITIES

WRITE (6,2050) VT3QT2(1),NPS{IV,SSH(T),ARST ,NTIP3(I),DH3(I),

1 ASHD(T)oASTD(I )4DSHL{TI)MSHITI), B3(I),C3(1),D3(T),E3(1]) .
2050 FORMAT ( / 4XSHAXIALLIOXSHTQTALALX3HTIPL2X3HHUBLOX9HMAX ANGLEG6X9HMA

1X ANGLE/11H VELOCITYAXICHPOLYTROPIC 6XB8HSOLIDITYBX6HASPECTB8X3HBL

2O0CKAGETXBHBLOCKAGETX9HHUB TAPERGXIHTIP TAPER/4XSHRATINBX1OHEFFICIE

BNCYTXS6HAT HUBOXS5HRATIOLIOX6HFACTORGXSHFACTORBXGH(DEGREES V6 X9H{ DEGRE

4ES) // Fl0.445F15.4,F16.4,F15.4 // 68X44HCOEFFIC
SIENTS IN TANGENTIAL VELOCITY EQUATION /29K MAX., STATOR MAX HUB
EINLET / 284 DIF. FACTOR MACH NUMBER

7 39X1HB14X1HC14X1IHD14XIHE //F10.4,4,F15.4, 32X4F15.4 )

IF (IERRDR.GT.O) RETURN
%% WRITE STAGE OUTPUT QUANTITIES

ALPRTD=ALPRT/,0174533

ALPRHD=ALPRH/,01745133

ALPSTC=ALPST/.0174523

ALPSHD=ALPSH/.0174523

WRITE (€,2060) W1+ RCCyTRCoETAO,RCTRL,ETALARR(I),ARS(I),RTIP1,RH1,
IRTIP2,RH2yRTIP34RHI,BR,BS,ALPRTD,ALPRHD,ALPSTD,ALPSHD

2060 FORMAY (//30XSOH®%%—~%x——2%xx S T A G E OUTPUT DATA =xxx

l-=%%--2%x //46X20HMASS FLOW (LR/SEC) = F8.,3 //4XTHOVERALLBX7HOVERA
2LLBXTHOVERALLTX9HMASS AVEL6XIHMASS AVE.22XSHROTORIOX6HSTATOR/12H

3 MASS AVE,6X9HMASS AVE.6XSHMASS AVE.6XBHPRESSURESX11IHTEMPERATURESX
4GHMASS AVE.7X6HASPECTOXSHASPECT /12H PR. RATICOS5X11HTEMP, RATIO&X
S10REFFICIENCYBXSHRATIOLOXSHRATIOTXIOHEFFICIENCYTXSHRATIOL10XS5KRATIO
6//F10.49TF15.4 //12H RCTOR TIP 6X9HROTCR HUB AX9HROTOR TIP&XIHR
*0TOR KUB SX 1OHSTATCR TIP 5X 10HSTATOR HUB

7 SX11HROTOR PRNOJ.3X12HSTATOR PROJ. /3X9HRAD., 1-G7XB8HRAD. 1
B-GTX8HRAD. 2-GT7X8HRAD., 2-G7X8HRAD., 3-GTX8HRAD., 3-GBX6HLENGTHOXGHLE
ONGTH /3XBHIINCHES)TUTXBH{INCHES)) //F1le4,Flb.446F15.4 // 32X

1 SHROTOR TIP6X9HROTOR HUBSXIOHSTATCR TIPSXLOHSTATOR HUB 7 26X

2 415X10HRAMP ANGLE) / 26X4{EX9H(DEGREES)) // 25X4F15.4 )

**%x WRITE ROTOR TITLE PART 1

WRITE (€,2064)
2064 FORMAT(]IHL124XTOH®**——%2-=%%k%* R 0 T N R I NLET QUTPUT D
1 AT A Sxk—cxS——tt //)

*x% WRITE ROTOR TITLE PARY 2

WRITE (€,2065)

2065 FNRMAT {5X6HRADIUS4XSHWHEEL4XSHAXIAL2X8HTANGENT.3X4HABS (SX4HREL
15X4HABS SX4HREL « 4X5HTOTAL4XSHYOTALLL X4HREL,3X4HABS./4H STA3X2KH-E6X
2SHSPEED4GX4HVEL o 5X4HVEL« SX4HVEL. SX4HVEL,3X24HATR ANG. AIR ANG. TEM
3P ¢ 4X6HPRESS .10 X1 THMACH MACH LOSS /91H NO. (IN) {FT/SEC) (FT/
4SECY (FT/SEC) (FT/SEC) (FT/SEC) (DEG) {DEGH (DEG R) {PSI
S11X18HND. NC. COEFF /7 )
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c xx%x CONVERT ANGLES FROM RADIANS TO DEGREES

0O 2070 M=1,N, INC
BETID(M)=RETAL(M)/ .0174%533
BRETLPD(M)=BETALP{M)/.0174533

C *%xk WRITE ROTOR INLET COMPUTED QUANTITIES

2070 WRITE (64,2075) MyRL(M)oUL{M),VZL(M) ,VOL(M)oVL(M),VLP(M),BETLIO(M),
1BETIPD(M), TTL(M),PTL(M) 4 MIP (M) ,ML(M),WRBI(M)
2075 FORMAT (13,FB8.34F10e394F943,2F8.3+yF1Ce3+F9.3,7Xs3F7.3 )

c *%% WRITE ROTOR EXIT TITLE

WRITE (6,2080)

2080 FORMAT {(//26XéB8H*ks--xk--kk*x R C T OR EXI T CUTPUT DA
1 T A *%x——kke—%xkx // SXAHRADIUSS4XSHWHEEL4XSHAXTAL2XBHTANGENT .3X
24HABS e SX4HREL « 5X4HARS . SX4HREL . 4 XSHTOTAL4XSHTOTAL3XSHRCTOR3IX4HREL .
33X4HABS. / 4H STA3X2H=-E6XSHSPEED4X4HVEL o SX4HVEL SX4HVELJ5X4HVEL,
43X24HAIR ANG. AIR ANG. TEMP,4X6HPRESS.3X4HDIF.3X4HMACH3X4HMACH 2X
5 4HLOSS /119H NO. (IN) (FT/SEC) (FT/SEC) (FT/SECY (FT/SEC) (FT/

6SEC) (DEG) {DEG) {DEG R) (PSI) FACTCR NO. NO. FUNC
7 /7 )
c sxx CONVERT ANGLES FROM RADIANS TC DEGREES

Cn 2090 M=1,N, INC
BET2D(M)=BETA2(M)/.C0174523
BET2PD(M)=BETA2P(M}/.0174533

C *#x WRITE ROTOR EXIT CCMPUTED QUANTITIES

2050 WRITE (6,2095) M,R2(M),U2(M),VZ2(M) ,VO2(M),V2(M),V2P(M),BET20(M},
1BET2PDIM),TT2(M),PT2( M) 4DR(M)4M2P (M) M2(M),ZR (M)
2095 FORMAT (I13,F3,3,F10.3,4FG.3,2FBe3,4F10.3,F%.344F7.3 )

C &%k WRITE STATOR EXIT TITLE

WRITE (€.,2100)
2100 FORMAT { //25XTQH**s——ex~-%%x S T A T OR EX I T OUTPUT
1D A T A *xs——nk--%xk // 5X6HRADIUSI3X22HAXTAL TANGENT, ABS. 14X
2 4HABRS,.20X19HSTATOR AXTAL ABS. / SH STA -F1SX4HVEL.S5X4HVEL, 5X
34HVEL . 12X8HAIR ANG.21X4HLOSS4X4HDIF.2X4HMACH4X4HMACH2X4HLOSS /
44H NOL2X4HUIN)L2X26H(FT/SECY (FT/SEC) (FT/SECILIXS5H(DEG)23X 32HCOE
SFF FACTOR NO. NO. FUNC /7 )

c #x% CONVERT ANGLES FRCM RADIANS TC DEGREES

9 2110 M=11NleC
BET3DIM)=RFTA3I(M}/.,0174533

C #u%x WRITE STATOR EXIT COMPUTED QUANTITIES
2110 WRITE (6421200 M,R3(M),VZ3(M),VC3(M),V3(M),BET3D(M),WSBIMI),DS(M),
IMZ3(M),M3(M),ZS(M)

2120 FORMAT (I3,F3.3,10X53F943,F17.3,20X,5F7.3 )
RETURN
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*%% SECTION XXI (CONTINUED IN MAIN AFTER ST. 500)
END
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$IBFTC OUT3 LIST

SUBROUTINE 0OUT?3

REAL MW ,NPR yNPS¢MSH K1y M1P,K2,M2,K3

REAL M1 ,MZ1,M2P  MZ2,M3,M23

DIMENSION ML1{11),MZ1(11)M2P(12),MZ2(11)4M3(11),MZ3(11),A3(11)

DIMENSION VT20T1(50) NPR(5CQ),SRTIP(S0),ARR(50),DTIP2t50),0H2(50),
1ARHL (SO ) sARTL (50 ) DRT(S50),82150),L2(50) ,D2(50) +E2150),vT30T2(50),
2NPS{50) s SSH(50) 4 ARS(50) 4NTIP3(50),0H3(50),ASHL(50),ASTL(50]),
3DSH(SC) MSH{50),BPSH{S0),83(50Q0),03(50),D03(5Q) 4+E3(50)

DIMENSION VvZ1(1l1),Ul(11),vVC1l(1l1),RHOS1(11),BETAL(1]1),BETALIP(L1]),
1viP(11),M1P(L1)  TT1(21),PTL(11),RS1V21(11),A0ONE(LL),R2(11),U2(11),
2v02(11),TT2(11),v22(11),PT2(11),RHOT2(11),V2(11),RHOS2(11),
38ETA2(11),BETA2P{11),V2P(L1),DR(L1),TS2(11),ATWO(LL), ,M2(11),
4PRI{11),WRA{11),2ZR{11),RS2VZ2(11),ATO(L1),TT3(11),R3(11),vO3(11),
SPT3(11),RHOT3(11),V2(11),RHOS3(11),BETA3(21),DS(11),WSB(11),
6ZS(11)4RS3VZII(11) ATHRE({11) ,WW3(11)

CIMENSION R1(11),v2{11),vZ3(11)

OIMENSION ARHD(50),ARTD(50),ASHD{50),ASTD(50),8ET10(11),BETLIPD(1])
1,8ET20(11),8ET2PD(11),BET3N(11) APSD(50),TITL(12)

OIMENSION BO(50),AR0(50),ASC(50)

COMMON [,INC,IPR2,N,VT20T1 ,NPR,SRTIP,ARRI(OTIP2,0H2,ARHD,ARTD,0RT,
182SAVE,C2,D2,E2,VT30T2,NPS,SSHyARSI ,DTIP3,DH3 ,ASHD,ASTD,0SH,MSH,
2BPSD,B3,C3,03,E3,W1lRCO+TRO,ETADWRC,TR4ETA,RTIPL,ARR,ARS,RH1,RT P2
3,RH2,RTIP3,RH3,BR,BS,M,BETLD,BETALl,BETLPD,BETALP,R]1,ULl,VZ1,VOlsV1,
4V1P, 1P ,M1,MZ1,BET20,BETA2,BET2PD,BETA2PR2,U2,VZ2,V02,V2,V2P,0R,
SM2P,M2,M22,RET3D,BETA3,R3,VZ23,V03,V3,0S,M3,WRB,ZR,WSByZS,MZ3,4ALPST
69 ALPSH, TERROR .

COMMON IPR1,K1,UTIP1,RM,RHOT1,AONE,RS1VZ]1 NM1,RHOSL,TT1,PT1l,W2,
1EWA, VZTIP2,A2G A2E, K2, I TALL yALPRH,RHNEW,ANEW,TAARTL,TAARHL,AE,BE,
2CE,ALPRT,RTNEW¢B2,TT2,PT2,RHOT24RHCS2,TS2,ATWO,PRI,ATO,RS2V22
3,UTIP2,VOTIP2,Q,R S, T,ITAL2,AA,BB,CC,DD,ITAL3,RPSHyW3,A43G,A3E,PT3,
4V2TIP3,K3,PRW3I,PROW3, TRW3,TROW3,TT3 ,RHOS3,TAASHL,TAASTL,ASHL,ASTL,
SA3,ATHRE,RS3VZ2,WW3,ITAL8,AF,BF,CF,DF
6o VITIPO,ARHL4ARTL ,RHOT3,TITL,BO,ARC,ASO

GO TO (6030,6035),1PR1

6030 WRITE (646031) BRRTIP2,VZTIP2,UTIP2,VOTIP2,B2{1)
6031 FORMAT (1HO13X2HBRL7XSHRTIP214X6HVZTIP215XSHUTIP214X6HVOTIP2 15X

1 5EB2(1) /7 6€E20.8 t/)
RETURN

6035 WRITE (6,6031) BR,RTIP2,vZTIP2,UuTIP2,vOTIP2,B2(I)

WRITE (6,6036) QsR¢S,T

6036 FORMAT (1HO14X1HQL1SX1HR19X1HSLOXLHY //4E20.8 // 45X28H***x ROT(OR MA

‘1SS FLOW TEST *&x // )
RETURN
END
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$IBFTC OUT4 LIST

SUBROUT INE OUT4

REAL MW ,NPR NPS MSH,K1,MLlP,K2,M2,K3

REAL M} MZ1,M2P,M22,M3,M73

DIMENSION MI{11)MZ2{11) M2P(12),MZ2(21),M3())),MZ3(11),A3{11)

CIMENSTION VT2UTL1(50) yAPRISU),SRTIP(50) ¢ ARR(S0)+DTIP2({50),DH2{50),
YARHL(®0) 4, ARTLI50)DRT(50),B2(50),C2(50),D02(50),E2(50),VT3QT2(S5u),
NP S{5C)sSSHI50),ARS(50),0TIP3{50),DH3(50),ASHL(50),ASTL(50),
30SHIS50)yMSH{50),BPSHIS0) ,B3(50),C3(501,D3(5G) ,E3({50)

DIMENSION VZ1(11),U1(12},vC1(11),RHCSY(11),BETAL{11),RFTALP(1)),
1v1P(J 1) 4MIP(11) o TTL(21),4PT1(1L),RSIVZL(11),ACNE(L11),R2(11),U2(11),
2v02(11),7T7T2111),VvZ2(11),PT2(11),RHOT2(11),V2(11),RHNS2(11),
3BETAZ2(11)+BETAZPIL1),V2P(11),DR(11),7S2(1)),ATWO(11),M2(11),
4PRI(CI1I WRA{11)4Z2(11),RS2VZ2{11),ATO(21),TT3(11),R3(11),v03(11),
5PT3(11),RHOT3(11),V3(11),RH0OS3(2)),RETA3(I1),DS(11),WSB(11),
62ZSU11),)RS3VZI3TI11),ATHRE(IL1)} yWW3(11)

CIMENSION RI{T11),V2(11),vZ3(11)

CIMENSION ARHDUSC)ARTD(SC) ,ASHD{50) 4ASTDI(50),BFTID{11),BETIPD(11)
1+BET20(11),BET2PD{11)}4BET3ND(11),BPSND(SUG),TITL(12)

CIMENSION B80(50),APC{S0)ASCISUL)

CCMMON YolNC'IPRZvaVTZUTlvNPRvSRTIDvARQ['DTIPZQDHZvARHD,ARTD.DRT,
lBZSAVE'CZQDZOEZQVT30T2’NPS'SSH'ARSI’DT[P3'DH3'ASHD'ASTDQDSH'MSH'
2pPSD,R3,C3,03,E3,W1,RCO,TROLETAQWRC,TR,ETA,RTIP],ARR,ARS,RH1,RT[P2
3'RH2'RTIPEQRH3’BR'BS'M'BETID'BETAI'BETlpD'BETAlp'Rl'Ul'VZl'VOl'Vl'
4v1PyM1P,M1,M2Z1,BET2D,BETA2,BET2PD,BETA2P,R2,U2,V22,V02,V2,V2P,DR,
S5M2PM2,M22,AET3D,RETA3,R3,VZ3,V03,V3,DS+M3,WRB,ZRyWSB,ZS4MZ3,ALPST
€+ ALPSH, IEFRROR

COMMDN IDRviloUTIPl,RMyRHDTl'AONEoRSIVZI’NMI'RHOSI|TT19PT10H2'
IEHA.VZT[PZQAZG'AZEyKZvITALl9ALPRH.RHNEH,ANEH:TAARTL'TAARHL'AE,BE'
2CE+ALPRT,RTNEW,B2,TT2,PT24,RHOT2 4RHOS2 s TS2,ATWO,PRI,ATO,RS2VZ2
39UTIP2vVOTIPZ.QquSqT,ITALZ'AAvBB'CC'DDgITALB'BPSH’H3.A3G'A3€1PT3'
4VZTIP3OK3'pRN3'pRDH3'TRHB’TRDN3'TT3'RHOS3'TAASHL’TAASTL'ASHL,ASTL'
SA3,ATHRE,RS3VZ 2, WW3 I TALR,AF.BF,CF,DF
6+ VITIPOLARHL yARTL RHOT3,TITL,R0,AR0,ASO

6070 WRITE (£,5071) ITAL2,B2{1),VO2(N),AA,BB,CCsDD,M2{N),MSH(T)
6071 FORMAT {1HO6H ITAL2SXS5HR2(I)AXSHVO2 {N) 9X2HAALL X2HRR11X2HCC1 1X2HDD

1 9XSHM2{N)BXGHMSHIT} // 14,2%8F13.5 7/ )
RETURN
END
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$IBFTC QUTS LIST

SURROUTINE QUTE

REAL MW NP NPS,MSH K1 ,M1P,K2,M2,K3

REAL M1 MZ1 M2P,MI2,M2,NZ3

DIMENSION MY1(1L1),MZ1(11),M2P(11),M22{11),M3(11),MZ3(11},A3(11)

DIMENSION VT20TL(S50) ¢NPR(SQ),SRTIP(50),ARR(50),0TIP2(50C),DH2(S0),
1ARHL{50),ARTL{S0Q),DRT(50Q),R2{50),C2(5C),D2(50),E2(50),vT30T2(501},
2NPS({50) ySSH(5C) ,ARS(S0),DTIP3{S0),DH3(50),ASHL(50),ASTL(50),
3DSHI50) 4MSH{50),B8PSHI(50)483{50),C3(50),03(50),E3({50)

CIMENSION VvZL1{1l1),U2(11),v01{11),RHCOS1(11),BETAL(1L},RETALP(1]1},
iviP(11l),M1P(11),TT2(1)),PT1(11),RSLVZI(1Y),ACNE(LL)},R2(11),U2{(11),
2v02(11),TT2(11),vV2Z2(11),PT2(11),RHOT2(11),V2(11),RHOS2(11),
38ETA2(11),BETA2P{11),V2P(11),DR(11},7S2(11) ,ATWO(11},M2(111},
4PRI(IL)yWRA{LL)4ZR(1L),RSZVZ2(11),ATO(1L),TT3(11),R3(11),vO3(11),
SPT3(11),RHOT3(11),V3(11),RHOS3{11),BETA3(1L),0S(11),WSB(11),
6ZS(11),RS3VZ3I{11),ATHRE(11),WK3({11)

DIMENSION RL(I1),V1(11),VvZ3({11)

DIMENSION ARHMD{S50),ARTD(S50) ,ASHD(50),ASTD(S0),BET1D(11),BETLIPO(L1)
1,8ET2N(11),REY2PD(11),BET3D{11),BPSD(SO),TITL(12)

DIMENSION BO(50),ARC(50),ASC{5G)

COMMNN T4,INC,IPR2N,VT20T1,NPR,SRTIF,ARRI,DTIP2,NH2,+ARHD,ARTD,DRT,
1B2SAVE,C2¢D2¢E24VT30T2,NPS,SSH,ARSI ,OTIP3,DH3 ,ASHD,ASTN,DSH,MSH,
2RBPSNDeB3,C3,D34E3,W1+RCO4TROHETAQWRC,,TR,ETA,RT[P]1,ARR,ARS,RHL,RT [P2
3,RH2,RTI[P3I,RH3,BR,BS,M,BETL1D,BETAL,BETYPD,RETALP,R]1,ULl,VZ1,VOl,V1,
4V1iP,M1P ,M1,MZ1,BET2D,BETA2,BET2PD,B8ETA2P,R2,U2,v22,V02,¥2,V2P,0R,
5M2P ,M2,M22,RET3D,BETA3,R3,V73,V03,V3,0S,¥3,WRB,ZR,WSB,2S,MZ3, ALPST
6+ ALPSH, TERROR

COMMON TPR1,KLyUTIPLl,RMRHOTL,ACNE,RSLVZ1,NML,RHOSL,TT1,PT1,W2,
1EWA,VZITIP2,A2GsA2E,K2,ITALL1 JALPRH,RHNEW,ANEW, TAARTL ,TAARHL,AE,BE,
2CELALPRT,RTNEW,R2,TT2,PT2,RHOTZ,RHOS2,TS2,ATWO,PRT ,ATC,RS2VZ?2
3,UTIP2,VOTTIP2,34sR¢SeyToITAL2,AABB,CC4DD,ITAL3,BPSHyW3,yA3G+A3E,PT3,
4YZYIP3,K3,PRY3,PROW3, TRW3,TROW3 ,TT3 ,RHOS3,TAASHL,TAASTL,ASHL, ASTL,
A3, ATHRE,RS3VZ3,WW3,ITALB,AF,BF,CF,DF
6+ VITIPOLARHL,ARTL,RHOT3,TITL,80,ARC,ASDO

6080 WRITE (6,6081) ITAL3,B82(1),RETA2P(N),BPSH(I)
5081 FORMAT {1404H ITAL3S5XSHR2{I)6XOHBETA2P{N)SXTHBPSH(I) // I4,2X

1 3F13.5 7/ )
RETURN
ENC
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$IBFTC DUTH LIST

SUBROUTINE 0OUTe

REAL MW NPR,NPS MSH,K1,M1P,K2,M2,K3

REAL M1 ,MZ1,M2P ,M22,M3,MZ22

DIMENSION M1(11),MZ1(11),M2P(11)4MZ2(11)4M3(11),MZ3(11),A3(21})

DIMENSION VT20T1(SO’.NPR(SO).SRTIP(SO).ARR(SO).DTIPZ(SO)'DHZ(Su)o
lARHL(SO).ARTL(SOD'DRT(SO),BZ(SOD.CZ(SOD.D?(SOD,EZ(SO)'VTSOTZ(SQto
ZNPS(SUD.SSH(50).ARS(50).DT!P3(50).DH3(SO).ASHL(SO'.ASTL(SOI-
3DSHIS5CH 4MSHIS50) +BPSHI501,H3(57),C3(50),D03(50) ,F3({50)

DIMENSION Vll(ll)le(ll)9V01(11’9RH051(11lvBETAI(llioﬁETAIP(ll)v
IVID(llllep(ll’oTTl(ll'ypTlfll)'RSIVZI‘II)gAGNE(ll)yRZ(ll’vUZ(ll)v
ZVOZ(11)vTTZ(ll’oVZZ(ll"pTZ(ll)9RHDT2(11)oVZ(ll,'PHUSZ(ll)'
3BETA2(11’vBETAZP(11"Vzp(ll)vDR(ll)1TSZ(11)vATHO(ll)'MZ(ll’v
4PRI(lllsHRB(ll"ZQ(11’,R52V22(11’VATG(ll)9Tr3(11"R3(11'1V03(ll)v
5PT3(]ll.RHDTB(ll’oV3(11"pHDS3(111oBETA3(11)905(11)9HSB(11)9
6ZS(1V V1, RSIVZII{L1)ATHRE(L1L) 4WW3(11)

DIMENSION RIC11),V1(11),VvZ23111)

CIMENSION ARHD(SO"ARTD(SU,QASHDtSO)'ASTD(S0,0BETID(II,OBETlpD(ll’
IOBETZD(II"BETZPD(II)vBET3D(11'vBPSD(5U)'T[TL(12'

DIMENSION BO(5C)AR0(501,ASC{50)

COMMON IvTNCOIPRZvaVTZOTlvaQoSRTIp9ARQ[pDT[PZQDHZ'ARHD'ARTD.DRT,
IBZSAVEOC20021E2vVT3OT2,NPS'SSHvARSlvDTlp3vDH3vASHD'ASTD'DSHo"SHf
ZBPSD'R3oC3oD3vEBvW1'RCCvTRDvETA07RCvTR'ETA'RTIP[,ARR,ARS,RHI,RT[PZ
3,RH21RT{F39RH3;BR'BSQVoBETIC.BETAlpBETIpDvBETAlpoRl1U10VZI!V011V19
4V1P'MlP.MI.MZlyBETZD.BETAZ'BETZPD.BETAZP'RZ,UZ.VZZ.VOZ.VZ,VZP.DR.
SMZP'MZ'MZZOBET3D'BETA39R3'VZ3'V03'V3'DS'N3'HRB'ZQ'HSszSle39ALPST
6+ ALPSH, ERROR

COMMNN IpRloKlvUTIPI!RM'RHOTIoAQNEvRSlVZl'NMI'RHOSIQTTI!PTIQHZQ
lEHA'VZTIPZ'AZGoAZE'KZ.ITALl'ALDRH,RHNEHpANEH,TAARTL.TAARHL.AE'BE’
ZCE'ALPRToRTNENvBZOTYZ'PTZ'RHUTZ'RHUSZvTSZOAtNOvPRIoATOoRSZVZZ
30UTI°2.VDTIPZ,Q'RyS,TqITALZqAA,BB:CC'DU,ITAL3.BPSH,H3'A3G.A3E'PT3,
4VZT[P3'K3'pRH3qPROH3,TRH3,TRGW3'TT3'RHDS3'TAASHL'TAASTL'ASHL.ASTL'
SA3,ATHRE,RS3VZ I, W3, I TALB,AF,BF,CF,DF
CyVITIPO, ARHL ,ARTL,RHOT3,TITL,B0D,ARC,ASD

GO TO (6130,6135),IPR1

6130 WRITE (6,5121) WleW3,FWA,RC 4RCO,TR4TRO,FTA,ETALC

6131 FORMAT (lHU7X2HH11IXZHW3IIX3HENAIUX2HRC11‘3HRC010X2HTR11X3HTRUIUX
13hETAGX4KETAD // 9F 13,5 /7 )

RETURN

6135 WRITE (6,5131) W1,W3,EWA,RC,RCN,TR,TRO,ETAL,ETAQ

WRITE (6,6136) BS'RTIP3vRH3'A3GvA3EvVZTIP39K3opRH3'°RUH3pTRH3'

1 TROW?2

56136 FORMAT (1H013X2HRSI7X5HRTI9316X3HQH317X3HA3GI7X3HA3E15X6HVZTIp3//
1l 6€£20.8 //13X2HK317X4HPRN316X5HPROH315X4HTRH316X5HTROW3//5€20-8///
211X3HTT3]4X2HR315x3HVl314X3HV0314X3HPT313X5HRHOS313XZHV3 /7 )

CO €137 M=1,N

6137 WRITE (6,5025) YT3("’0R3(M’9VZ3(M,vVU3‘M’.pT3(M}'RHOS3(M)'V3(“,

6025 FDRMAT (7E17.8)

WRITE (6,5122) ALPSHpRHNEH'ANEH’TAASTL,TAASHL,ASHL([)QAE'BE'CE'ARS
1(0),ALPST,RINEW,ASTLI(T)

6132 FNRMAT (lHU/ZQxSHALpSHlZXSHRHNEk13X4HANEHIZX6HTAASTL11X6HTAASHL10X
17HASHL(I) //717X6EYT7.8 7/ SGX2HAE15X2HREL1SX2HCELIXOHARS (I )L IXSHALPST
212XSHRTNEWLLIXTHASTL(TI)//7E17.8 )

WRITE {6,6138)

6138 FORMAT (1HOSXS5HBETA31SX2HDS14X3HKSRISX2HZS /7 )

CO 6139 M=]1,N

6139 WRITE (646140) BETA3(M),DS{NM),WSB(M),2S(M)
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6140 FORMAT (4E17.8)
WRITE (646141} (A3(M) M3(M),MZ3(M),M=]1,N)
6141 FORMAT (1HJ11X2HA3LS5X2HMIL14X3HM23//(3EL17.8))
WRITE (6,45142) (ATHRE(M),RS3VZI3{M),WWI[M), ,M21,NML)
6142 FORMAT {14UB8XSHATHREL2X&HRS3VZ313X3HWW3 //(3FE17.8))
RETURN
ENC
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$IBFTC QUTY LIST

SUBROUTINE CUT?

REAL MW NPR,NPS MSH K1yM1P,K2,M2,K3

REAL M1, ,MZ1M2P M22,M3,M23

CIMENSION M1(1194MZ1011) M2P(11)4MZ2(11) 4M3(11),MZ3(21),A3(11)

CIMENSION VTZUTl(SO).NPR(SO!.SRTIP(SO).ARR(SO)'DtIPZISOl,DHZ(So).
1ARHL(50),ARTL(50),DRTI50),82{50)4C2(5GC)+D2(50),E2{50),VT30T2({5u),
2NPS(50’vSSH(50)OARS(SO’vDY[P3(50)|DH3(50’1ASHL(50"ASTL(50’O
305H(50’0MSH(50’;895H‘50)'B3'50"C3(50’v03(50)v53(50’

CIMENSION VZ1(11),U1¢11),Vv01(11),RHOS2{11),RETAL(11),BETALP(1]),
]le(]1'9M1p(ll)'TT1(1].ypTl(ll’ORSXVZI(ll)oACNE(ll"RZ(ll"UZ(ll)'
2V02(11),TT2(111,VZ2(11),PT2(11),RHOT2(11),V2(11),RHOS2(11),
2BETAZ2({111,3ETA2P(11),V2P{11)4DR(11)47S2(11),ATWC(1)),M2(11),
LpRI{ll)vNQB(ll’va(Il’vRSZVZZfll)'ATO(II)vTT3{11’9R3(11’vV03(11)'
SPT3(11’;RHOT3(11);V3(11)0RHGS3(11)'EETA3(11)vDS(ll,QHSB(ll,v
6ZS(11)+RS3VZA(11),ATHRELL11),WW3(11)

DIMENSION RILL11P,V1(21),V23(11)

CIMENSION ARHD(SC).AQTD(SL)'ASHD(SO),ASTD(SO).%ETID(ll).BETlPD(ll)
1,BET2D0(11)+BET2PD(11},BET3IN(11)+BPSD(SOY,TITL(12)

DIMENSION A0(50),ARN{50),ASC(5N)

COMMON l.[NC.IPRZ,N.VTZUYI,NPR,SRTIP.ARRI.DTIDZ'DHZ,ARHD,ARTD,DRT,
lBZSAVEvCZ,DZ'EZoVY30T2'NpSgSSH,ARSI'DT[p3.DH3'ASHD'ASTDyDSH,MSH.
ZBPSD.H3'C3,D3qE3yW11RC0'TRU'ETAO,RC'TR;ETA.RT]FI,ARR.ARS,RHI,RTlPZ
3'RH2'RTIp3vRH3vBRvBSvaBETleBFTAIOBETLpDvRETAIDQR1'U1vVZIVVGIQV1'
QVIP,MID'MllelvBETZDvBETA2'BETZPD'HETA299R2'UZ'VZZQVOZ'VZ'VZP,DR'
5MZD,M2yMZZ'BET3D'BETA3yR3'VZ3|VO39V3yDS,M?ohRB'ZRyHSB'ZS'MZS'ALPST
€+ ALPSH, IERROR

COMMON IPRvilvUTIPI1RMvRHOTlvACNE'R51VllvNMlvRHOSlvTTlvPTltHZO
)EHA'VZTIPZOAZGOAZE'KZ'ITALI'ALPRH'RHNEH'ANEH)TAARTL'TAARHL'AEOBE'
ZCE'ALPRT'RTNEH'BZQTTZ’pTZORHDTZORHOSZ'TSZ'ATHO’DRI'ATO'RSZVZZ
3'UTIP2vVUTTPZonRQS'TvITALZ'AAvﬂﬂvCCvanITAL303PSHvW3'A3G.A3E.PT3.
4VZTIP3'K3'9RH3'PRUW3.TRN3.TROW3.TT3QRHOS3'TAASHLvTAASTL’ASHL'ASTLv
SA3,ATHRE,RS3VZ2,WW3,ITALB,AF,BF,CF,DF
E+VITIPO,ARHL ARTLRHNT3,TITL,RO,ARC,ASO

615C WRITE (646151} ITAL8,B2(I14VO2(N)4AFBF,CFyDF,DS{N)DSH(T)
6151 FORMAT [1HO4H ITALR1OXSHR2(I112X6HVN2 INY14X2HAF1HX2HBF16X2HCF L6X
1 2EDF /7 14.2XE6F18.8 7/ LEXSHDS{N) 12X 6HDSH(TI) 7/ 6X 2E18.8

2 /7/725X69H*** THIS BRANCH RETURNS T0O ROTQOR CAL
3CULATICN AT STATEMENT N0, 160 *%x // )

RETURN

ENC

$DATA

B-44
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APPENDIX D

INPUT FORMAT - DATA PREPARATION






N34 DATA PREPARATION

The N34 program utilizes the option of using the FORTRAN IV NAME-
LIST method of data input. The standard input method may still be used
and the two may be intermixed from one data set to the next within a run.

In either case, each input should be entered as a decimal number except
IREAD, N, NSLIM, IPR1, and IPR2 which are integers. A sample data
sheet for each method is included.

STANDARD OPTION

Card 1

Column 1 must contain a 1 which signifies that the standard input
option is to be used. Columns 2 through 72 contain alphanumeric
information to be printed at the beginning of the run.

Remaining Cards

These cards are used as shown on the data sheet.
NAMELIST OPTION
Card 1

Column 1 must contain a 0 (zero) which signifies that the NAMELIST
option is to be used. Columns 2 through 72 contain alphanumeric informa-
tion to be printed at the beginning of the run.
Card 2

Card 2 is the first card used by NAMELIST. Column 1 must be blank.
Columns 2 through 6 must contain "$NAME'". Column 7 must be blank. The

remainder of Card 2 is similar to Card 3 through the last card.

Card 3 Through the Last Card

These cards are punched as in the NAMELIST sample. Any number
of sets of ''variable = constant, ' may be put on a card, but the following
conditions must be met,.

1. Column 1 must always be blank.

2. No blanks are permitted except at end of card and in Column 1.

3. Each data card must end with a comma following a ''variable =
constant'' set with the exception of the last card of a data set.

p-1-Co



4. The last card of a data set must end with a $§ symbol.

5. Arrays are read as on the 5th card of the NAMELIST sample
data sheet.

Example: SRTIP will contain 1.3 in 10 locations beginning
with SRTIP (1). ARO will contain 4. in (1), 3.5
in (2), and 2.5 in 8 locations beginning with
ARO(3).

Additional Comments on NAMELIST

The input parameters may be in any order on the cards. More or less
items may be put on a card than are shown in the sample and may appear
in any column (other than Column 1). Columns 73 through 80 are for data
(NAMELIST ONLY) and may not be used for identification. More numbers
may be read into an array than can be put on one card. The first card
must end with a constant followed by a comma, and the next card must
start with the next constant beginning in Column 2 and continuing on as be-
fore.

STACKING DATA

Data sets may be stacked. The option of using NAMELIST or the
standard method of input may be changed from set to set within a run.
Once the initial data have been read by either method, new sets may be
read by using a complete standard data set or with NAMELIST as follows:
A title card with a zero in Column 1 is followed by the card(s) needed to
change any value(s) used in the initial data set. These cards must follow
the same rules as a complete NAMELIST data set. The flexibility of the
NAMELIST option will allow the input data to be simplified to whatever
degree the user wishes.
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APPENDIX E

OUTPUT FORMAT—SAMPLE PROBLEMS

A/
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