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SUMMARY

A FORTRAN computer code for predicting the off-design performance of
multistage axial-flow compressors is presented. The code, which was
developed at the NASA Lewis Reseairch Center, uses a meanline stage-stacking
method. Stage and cumulative compressor performance is calculated from
representative meanling velocity diagrams located at rotor inlet and outlet
meanline radii.

Numerous options are available within the code:

(1) Nondimensional stage characteristics may be input directly or
calculated from stage design performance input. ‘

(2) Stage characteristics may be modifiéd for off-design speéd and blade
reset.

(3) Rotor design déviation angle may bé mcdified for off-design flow,
speed, and blade setting angle.

(4) Units of input and output may be SI or U.S. customary.

Many of the code's options useé correlations.that are normally obtained froim
experimental data. These empirical correlations perimit modéeling the treénds
in stage and oveérail performance by a simple one~diménsional stage-stacking
technique. However, the correlations may only be accurately applied to
predict the perfovrmance of compressors similar to those compressors used in
deriving the empirical correlations. The code is described in sufficient
detail so that users may modify the correlations to suit their needs.

Example calculations for a two-stage fan without blade reset and for
three single stagés with inlet-guide-vane reset agree well with experimental
data. For off-design compressor performance prediction, the main features
of the stage-stacking method are (1) simplicity, (2) fast convergence, and
(3) the ability to directly incorporate correlations from experimental data
to model real flow conditions.

INTRODUCTION

The axial-flow compressor is widely used in aircraft engines. In
addition to its inherent advantage of high mass flow per frontal area, it
can give very good aerodyhamic performance. However, good aerodynamic
performance over an acceptable range of operating conditions is not easily
attained. A successful design and developrient process for multistage axial-
flow compressors requires that numerous criteria be satisfactorily met.
These criteria include (1) design optimizaticn based on design and
of f-design performance considerations (ref. 1), (2) prediction of part-speed
performance and assurance of part-speed stall margin, and (3) determination
of required starting bleed and the amount of variability of the inlet-guide-
vane (IGV) and stator-blade rows to match the stages.

Both experimental and analytical programs can be used in the development
process for multistage axial-flow compressors. Since compressor
experimental development in test facilities is expensive and time consuming,
any insight into the onset and location of troublesome flow regimes that can
reduce the amount of testing is very valuable. One natural information
soufce is experimental data from similar compressor stages. But such data
in sufficient detail are rarely available. New compressors are usually
extrapolations from the data of their predecessors.

Analytical methods that contain good flow modeling are an alternative
way of gaining the insight needed for compressor development. There are, of
course, several levels of sophistication for analytical programs; but in
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) general, only the level of sophistication required to evaluate the relevant ;
. flow phenomenon is desired in order to minimize complexity and to give high !
) computational efficiency. Compared with other more sophisticated two- and
f three-dimensional models for compressor flow, the stagé-stacking method is ]
;' very simple. The simplicity of a one-dimensional compressible flow model i
: enables the stage-stacking method to have excellent convergence properties .

d and short computer run time (ref. 2). The simplicity of the model results
in manageable computer codes that edse the incorporation of correlations

t directly linked to experimental test data to directly model real flow Y

phenomena. "

2 The stage-stacking computer code discussed in this report was developed j
2 and uséd at the NASA Lewis Center during the past several years. It has

- beén routinely used to generate performance maps for compressors evaluated
experimentally at Lewis. Correlations from experimental data to model real
flow phenomena were added so that the code's performance predictions agreed
with the measured performance. The cude is an extension of the stage-

) stacking method of reference 3. The present code either accepts 1
' nondimensional stage characteristics as input or will calculate these ;
characteristics from aerodynamic input available from compréssor design
% codes such as reference 4.

The code is described in sufficient detail heréin to permit a user to
modify the correlations from experimental data within the code. It is
anticipated that at times revised correlations may better suit the
particular needs of the user. The code itself i$ written in FORTRAN, and
U.S. customary units are used in the coded correlations and calculations.

= e

CALCULATION PROCEDURE

The caiculation procedure is discussed in three parts. First, the
stage-stacking method is described. Second, optional calculations available -
to the computer code user are described. Third, the computer code STGSTK is !

outlined. - :

F

_ T Tip ]

Rat

_____ _Méantine

*\ - Stator ,

R4 M 1

| Hub )

_ " 1

i

1

R3h !

— e 1

1

Rotation axis ‘9

Figure b, - Radii locaticHis for a typical stage.




ORIGINAL PAGE I$
OF POOR QUALITY

Rotation
Flow Sm
v
Vam T3M
Quitlet
diagram
Vom
Vam
Pom
Vaam
‘\\“‘;£53§L\\\\\‘~ Vizm
M
Inlet
diagram

R F—igure 2. - Typical meanline inlet and outlet velocity diagrams for a rutor,

Stage-Stacking Method

To describe the stage-stacking method, first the flow assumptions are
discussed and then the stage characteristics and the stacking procedure.

Flow assumptions. - One-dimensional compressible flow is assumed. Flow
continuity can therefore be expressed as

W = pAV, (1)

where A 1is the annulus area. All symbols are defined in appendix A.

Flow continuity is satisfied in the axial velocity Vz; calculation at
the rotor inlet and outlet axial locations (fig. 1) of each stage. Thus,
for a given flow and speed and stage inlet flow conditions of total pressure
ana temperature and absoilute flow angle B8oM, @ meanline velocity diagram
(fig. 2) can be obtained at the rotor inlet. And, by assuming that the
stage overall pressure ratio and adiabatic efficiency apply at the rotor
exit, a meanline velocity diagram can be obtained at the rotor exit. If
rotor exit total pressure and temperature are then assumed to apply at the
inlet of the next rotor, meanline velocity diagrams can be obtained at every
rotor inlet and exit from the overall stage performance parameters of
pressure ratio Pr_ and adiabatic efficiency naq. These rotor iniet and
outlet meanline velocity diagrams obtained from overall stage performance
parameters are assumed to represent the stage and are referred to as
representative meanline velocity diagrams within this report. Alterations
to these representative meanline velocity diagrams are assumec to alter the
associated stage performance parameters. Specific calculations are used to
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vary the representative meanline velocity diagrams and to predict changes in
the associated stage performance parameters Pr and ngq
b Stage characteristics. ~ The stage performance characteristics consist

of three nondimensional quantities - adiabatic eff1c1enc¥ Sd pressure
ate

f coefficient ¢, and flow coefficient ¢. They are calcu from
r
X v
| L2M
¢ = = (2)
t, 2T
‘ .. Congg (T3 - Tp) (3)
- 2
3T S }
: _ pr(Y‘l)/'Y -1 (4) ;
lad = Tr -1 !
4 The stage characteristics are usua11y presented as adiabatic efficiency ?
versus flow coeff1c1ent ag and pressure coefficient vérsus flow 5
3 coefficient (e). Figure 3 shows typical stage characteristics for 1]
{ which the stage design point (reference condition) is at peak adiabatic ;
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Figure 3, - Typicat nondimensional stage characteristics.
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efficiency. At some low flow coefficient ¢s the stag= will stall, and
at some high flow coefficient ¢c the stage will choke. Ideally the
stage characteristics are independent of both compressor size and speed.

One option of the computer code STGSTK is either to input the stage
Characteristics naq(¢) and w(¢) or to input only the overall stage
performance Pr an nag at a design or reference point and have the
computer code calculate %he stage characteristics. If the code option is
used to input only the overall stage performance Pr and ¢?ad at a
design or reference point, the calculated stage characteristics are obtained
from representative meanline velocity diagrams at the rotor inlet and
outlet., These velocity diagrams are used to represent the overall stage
flow, pressure ratio, and adiabatic efficiency and not just blade element
performance at the midspan point.

Stacking procedure. - Once the appropriate stage characteristics are
obtained, the stage-stacking procedure involves a straightforward
calculation process. The overall compressor inlet flow conditions must be
known, and they are used as the overall inlet flow condition for the first
stage. Then, for various selected compressor speeds and flows, the
calculation process is repeated for each stage as follows:

(1) Calculate the representative meanline velocity diagram at the rotor
inlet and then the stage flow coefficient .

(2) From the stage characteristics nadle) and w(e), obtain
the stage overall adiabatic efficiency n d and pressure coefficient.

(3) Calculate the representative mean?1ne velocity diagram at the rotor
outlet and then the overall total pressure P and temperature T at the
stage outlet, and use these values for the next stage inlet P and T.
This process is repeated for each stage; and the cumulative compressor
performance, which consists of compressor overall adiabatic efficiency,
temperature ratio, and pressure ratio, is calculated. The end result is a
conpressor overall performance map of adiabatic efficiency and pressure
ratio versus flow for various speeds.

Optional Calculations

Optional calculations performed within the computer code STGSTK are
executed for three major reasons: code input selection, blade reset
conditions, and stage characteristic adjustments for real flow effects.
Concerning optional calculations for code input selection, the primary
option is whether or not stage characteristics nuq(e) and w(¢) are
input. This input option has been discussed in the section Stage

characteristics. If stage characteristics n dle) and ¢(¢) are not
input, the code will calculate them based on ghe input of overall stage
performance Pr and n g at a design or reference point. .

For blade reset con31tions, optional calculations are performed within
the STGSTK code to alter the stage characteristic (). An example of
calculated changes in the stage characteristic v(¢) because of reset of
upstream stator vanes is shown in figure 4. Details of how the code STGSTK
alters the stage characteristics for blade reset ayn of a blade with setting
angle vy, are given in appendix B. Basically the blace reset avg alters
the flow angles of the meanline representative velocity diagrams associated
with the stage. New representative velocity diagrams are calculated that
determine the new stace characteristic w(¢) for the stage.

e,
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for part-speed operating ¢ondition,

The remaining optional calculations adjust the stage characteristics for
real flow effects that are not directly modeled by one-dimensional

compressible Tlow.
available.
v(¢) for part-speed conditions.

Three of these optional real flow adjustments are
The first real flow adjustment alters the stage characteristic
This option is especially applicable
for stages that have high inlet relative Mach numbers.

Figure 5 shows the

nature of the optional stage characteristic y(¢) adjustment for part

speed.

flow coefficient ¢ 1is expanded.

At the part-speed condition, as compared wi Y1 design speed, the
pressure coefficient ¢ drops by an amount Ay

and the range of the

The second real flow adjustment option alters the stage characteristic

nad(e) for part-speed conditions.
ag part speed consists of two parts:
flow coefficient ¢,

This adjustment option for mnad(e)
(1) the expansion of the range of the
which is identical to the adjustment used for the

stage characteristic (¢) discussed in the previous paragraph, and
(2) a change in the level of ?ﬂﬁATat part speed, which is controlled by
E

values of the input variable
Input Data.

, which is discussed later in the section

The third real flow adjustment option involves alterations of rotor

deviation angle

§R under any combination of three conditions:

of f-design

flow coefficient ¢, rotative speed N, and blade setting angle yg. A

change in the rotor deviation angle
flow angle B3M.

6R Changes the rotor nutlet relative
This in turh alters the rotor outlet representative

meanline velocity diagram and changes the stage characteristic w(e).

Computer Code Outline

The computer code STGSTK consists of a main routine and eight

subroutines.

Figure 6 gives a line representation of the subroutine calls.

This section briefly summarizes the calculations within each subroutine.
Details of the calculations are given in appendix B.

The main computer routine is entitled MAIN,
routine and it calls the major subroutines.

things:

MAIN is the central control
The major subroutines do three

(1) process the input ard output data, (2) calculate parameters for

the compressor design (reference) point, and (3) perform the optional
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calculations discussed previously. A list of the subroutines; and their
primary purposes follows. :

CSINPT - read and write the input data
CSPREF - calculate design (reference) parameters

CSETA - obtain optional stage characteristic nad(¢) at_design speed

Eiaalan SUDC . ek

CSPSI - obtain optional stage characteristic v(e) at désign speed

CSPSD - perform option to alter pressure coefficient ¢ at off-design

S speeds
CSPAN = perform option to alter stage characteristic w(¢) because of
blade reset b
CSOUPT - calculate and write the output ddfa '
CPF - calculate specific heat Cp and its ratio «

Other optional calculations are located within the STGSTK code as
follows. MAIN contains an option to alter the flow coefficient ¢ at
off-design speeds. CSPSI, CSPSD, and CSPAN contain an option to alter the
rotor deviation angle &R for off-design flow, speed, and blade setting
angle, resr-ctively.

TEAPERRT AN OT . Y CRSTOF WY Y-SR

COMPUTER CODE USER INFORMATION

‘.

This section provides information for someone who wants to use the !
STGSTK code. The input data are described and an example input data set is o
given. The output data computed by STGSTK are also described. For a guide i
to the optional calculations that may be selected, the user may refer to the
section Optional Calculations presented previously.

Lo it s

Input Data

A1l input data needed to use the stage-stacking prograr are described in
this section. The input data are described in the same sequence as they are
used by the program. Except for the title card and specific-heat polynomial
coefficients CPCO, all the input format is for floating-point numbers in
fields of 10. Figure 7 shows the location of input. Except for CPCO the
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Fiqure 7. = Input vanable locatlons on cards for stage-stad(mg program
units of the input data can be selected as either all SI or all U.S.
S customary. Program subroutine CSINPT reads and prints the data.
The following is a list of the input data as they are read by subroutine
3 CSINPT. For each input variable name listed, its format, description, and
units-are included.
TTTITLE, 18A4 title card on which any alphanumeric data can be used; one
card needed
STAGEN, F10 number of stages
SPEEDN, F10 number of speed lines
CHAPTS, F10 number of points used to describe stage characteristic
PO, F10 inlet total pressure, Nfcmé (psi)
TO, F10 inlet total temperature, K (°R)
WTMOLE, F10 molecular weight
DESRPM, F10 design rotative speed, rpm
DESFLO, F10 design flow, kg/sec (1b/sec)
SPDPSI, F10 alters ¢ value for off-design speed when equal to 1.0
SPDPHI, F10 alters ¢ value for off-design speed when equal to 1.0
DRDEVG, F10 alters rotor deviation angle for btade reset when equal to
1. 0
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DRUEVN, F10

ORDEVP, F10

UNITS, F10

CPCO, E20.8

RT2, F10
RHZ, F10
RT3, F10
RH3, F10
BET2M, F10
CB2M, F10

CB2MR, F10

CB3MR, F10

RK2M, F10
RSOLM, F10
SKZM, F10
PR, F10
ETAINP, F10
PCTSPD, F10

ETARAT, F10

BLEED, F10

PHIDES, F1Q

alters rotor deviation angle for off-design speed when
gqual to 1.0

alters rotor deviation angle for off-design ¢ when equal
to 1.0

used to specify units of input; use 1.0 for S1, 0.0 for
U.S. customary

specific~-heat C, polynonijal coefficiegts in U.S.
customary units (Btu “R=1/1b ... Btu °R=/1b)

rotor inlet tip radius, cm (in.)

rotor inlet hub radius, cm (in.)

rotor outlet tip radius, cm (in.)

rotor outlet hub radius, cm {in.)

rotor inlet absolute flow angle at meanline radius, deg

change 1in rotor inlet absolute flow angle at meanline
radius, deg

change in rotor inlet relative flow angle at meaniine
radius, deg

change in rotor outlet relative flow angle at meanline
radius, deg

rotor inlet blade metal angle at meanline radius, deg

rotor blade row soligity at meanline radius

stator inlet blade metal angle at meanline radius, deg

design stage pressure ratio used to calculate PSIDES

design stage adiabatic efficiency used to calculate ETADES

value of rotative speed expressed as a decimal fraction of
design speed; design speed value or 1.0 must be the first
value for this input variable

ratio of adiabatic efficiency at design speed to adiabatic
efficiency at speed corresponding to PCTSPD; 1.0 is

normatly the first value for this input variable

bleed flow for a particular stage and speed corresponding
to PCTSPD, kg/sec (1b/sec)

stage tlow coefficient at design speed

- ekt A I
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A PSIDES, F10 stage pressure coefficient at design speed; when input PR
is not zero, PSIDES must be zero

i ETADES, F10 stage adiabatic efficiency at design speed; when input
| ETAINP is not zero, ETADES must be zero
¥
SPEEDF, F10 decimal fraction of design speed for a particular speed line ;
}
b
| FLOWIN, F10 value of lowest flow for speed-line designated by %
‘ SPEEDF, kg/sec (1b/sec) ?
;' DFLOW, F10 change in flow for speed line designated by SPEEDF,

kg/sec (1b/sec)

FLOWFI, F10 value of highest flow for speed 11ne designated by
SPEEDF, kg/sec (1b/sec)

Example Input Data Set

The example program data set listed in this section is for the NASA Rt
Lewis two-stage fan having the low-aspect-ratio, first-stage rotor blading E
of reference 5. The fan design information is used for the input data. SI 3
units are used except for the Cp polynomial coefficients. :

NASA TWO STAGE FAN, LOW Rl AR, TP-1493 SI INPUT 1
i. ?. ?. i0.135 %88.17 28.97 16042.8 33.248 ]
. . . . . 1. 3
0.23746571E 00 0.21561999E-04 . -0.87791479E-07 CP VS T 0000-1700 R j
0.13991136E-09 -0.78056154E-13 0.15042604E-16 A
25.420 23.960 }
9.891 13.604

24.628 23.566
12.088 14.696

.0 .0

.0 .0

.0 .0 ]

.0 .0

56,15 55.46 :

1.48 1.57

36.10 36.15 ]

1.5906 1.5087

L8471 8690 !

1. .9 .8 .7 .5 :

16 1.017 1.029 1.017 1.023 ;

: o} :

.31 .35 .38 .42 .43 .44 .45 .46 !

.0 g

.0

.40 42 . 4% .45 .46 .68 .51 .53

.0

.0 i

1. 2. 2 35.

.9 27. 5 32.

8 21. 5 28 . !

.7 17. 5 24%. .

5 1. 5 18. . i
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OF POOR QUAL\ g
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{ Output Data

[

A1l output data generated by the stage-stacking program are described in
this section. The output data consist of two types:

(1) Intermediate output for changes in the stage characteristics because
of blade reset and off-design flow conditions

(2) Final output for the predicted compressor performance along the
selected speed lines 14

v T g RO TR

The program's MAIN routine writes the intermediate output. Subroutine
CSOUPT writes the final output. The units of the output data are either all >
SI or all U.S. customary depending on the value of the input parameter {
UNITS. For SI output, UNITS equals 1.0; for U.S. customary output, UNITS
equals 0.0.

The following is a list of the output data in the same order as they are
written by the program. For each output variable lis.ed, its ¢.scription ,
and units are included. E; ]

RPN TG RV IS T T TR, W e

PHIREF stage flow coefficient at design flow, speed; and blade
setting angles i
i
PSIREF stage pressure coefficient at design flow, speed, and blade

setting angles

DPHIA change in flow coefficient PHIREF because of rotor- or
stator-blade reset

DPSIA change in pressure coefficient PSIREF because of rotor- or
stator-blade reset

FLOCAL calculated flow for a stage at design speeo 1f blade reset
is specified, kg/sec (1b/sez)

BET2M rotor inlet absolute flow angle at design speed and flow
and specified blade reset, deg

BET3MR rotor autlet relative flow angie at design speed and flow
and specified blade reset, deg

RINCM rotor incidence angle at design speed and flow and
specified blade reset, deg

RDFM rotor diffusion factor at design speed and flow and ¥
specified blade reset, deg !

SINCM stator incidence angle at design speed and flow and
specified blade reset, deg

DPSIS change in pressure coefficient PSIREF because of off-design
speed effects

PHI calculated stage fiow coefficient for selected speeds with {
blade reset effects included !

11
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PSI calculated stage pressure coefficient for selected speegs
===with blade reset effects included

ETA calculated stage adiabatic efficiency for selected speéds

TAU stage temperature rise¢ coefficient

PR stage pressure ratio

C-ETA compressor cumulative adiabatic efficiency

EXPERIMENTAL DATA COMPARED WITH CODE PREDICTIONS

The example calculations by the stage-stacking code discussed in this
section are of two typés: (1) calculations to predict overall compressor
performance, and (2) calculations to predict flow reduction by inlet vane
reset. The example calculations illustrate the procedure used for the

stage-stacking code. The code's predictions are compared with experimental
test data.

Two-Stage Fan Performance

These calculations were performed for the two-stage fan of reference 5,
which has a design pressure ratio of 2.4 and an inlet tip speed of 429
m/sec. The previous section Example Input Data Set lists the input data
set. These input data select the following program calculation options:

(1) stage characteristics naq{¢) and w(e) will be calculated from

a reference design-point stage pressure Pr and adiabatic efficiency

nads, (2) v(¢) will be altered for off-design speed, and (3) rotor

deviation will be adjusted for off-design speed and flow. Appendix C lists
all the program output data. Stage performance and cumulative compressor
predicted performance are listed for various flows at five selected speeds.

In figure § the overall fan performance calculated by the stage-stacking
program is compared with the experimental measured performance reported in
reference 5. At design speed for any given pressure ratio the measured flow
is greater than the calculated flow. This occurs because thé calculated
performance at design speed was forced through the fan's design point, and
the measured data indicated that the fan performed at a higher flow than its
intended design flow. For the off-design part speeds the discrepancies
between the calculated and experimental data are similar but less severe.
This would tend to support the credibility of the program to predict overall
compressor performance at part-speed, off-design flow. No Judgment can be
made from these fan data on the program's ability to account for vane reset
since the fan was tested with no inlet guide vanes and with fixed stators.

Single-Stage Performance with Variable Inlet Guide Vanes

When an inlet guide vane (IGV) is reset to increase the ahsolute flow
angle By at the following rotor inlet, the corrected flow at the rotor

12
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Solid symbols denote design point
Open symbols denote experimental data

9 — olld lines denote calculation
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Figure 8. - Comparison of calculated performance by stage-stacking
code to experimental data for NASA two-stage fan of reference 5.
inlet will be reduced. Also, the stage pressure ratio Pr will decrease,

and this may cause the corrected flow ai the stage exit to decrease.
Corrected-flow reduction at the stage exit will depend on the amcunt of 1GV
reset, the design speed, and the stage performance.

Calculations are performed for each of the three single-stage
compressors with variable inlet guide vanes for which experimental data were
reported in references 6 to 8. For these stages, the design rotor inlet tip
speeds are 347, 457, and 427 m/sec, and the measured stage pressure ratios
at peak stage efficiency are 1,42, 1.72, and 1.52, respectively. For each
stage a comparison of the calculated to the experimental overall performance
data at various IGV setting angles is shown in figures 9 to 11. Figure 12
shows the corrected-flow reduction ratio at the stage outlet versus IGV
setting angle at peak stage efficiency for design speed and 80 percent of
design speed. The open symbols are for measured data and the lines are for
calculated output from the stage-stacking program. Figure 13, which was
derived from figure 12, shows the IGV reset angle required to reduce the
corrected flow (at the stege outlet) by 10 percent versus rotor inlet tip
design speed for 100 and 80 percent of design speed.

Agreement between the calculated and measured IGV reset for a given flow
reduction and tip speed is better at design speed than at 80 percent of
design speed. However, for both speeds the trends of the calculated and
measur+d data are very similar. This indicates that as the rotor speea goes
up, 1GY¥ reset must be increased for a given flow reduction ratio W/Wy.

This influence of rotor speed on the vane-reset flow reduction retationship
was previously discussed in reference Y.
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Figure 11, - Comparison of calculated to experimental performance data for the
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CONCLUDING REMARKS

A computer code for predicting off-design performance for multistage
axial-flow compressors has been discussed in this report. The meanline
stage-stacking method used has the following properties:

(1) It is a one-dimensional, compressible flow model with fast
convergence.

(2) Overall stage performance is represented by meanline velocity
diagrams at the rotor inlet and outlet.

(3) Options are included to calculate the stage characteristics and to
adjust them for blade reset and real flow erfects.

(4) Experimental test cata can be applied directly to correlations of
model real fliow conditions.

(5) Accurate off-design predictions can be made for a limited range of
compressors.

Exanple calculations compared with experimental data for the stage-
stacking code reported herein give the following indications:




s
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(1) The code's calculation options to alter stage characteristics and
rotor deviation angles for off-design conditions resulted in a performance
prediction for a two-stage, 2.4-pressure-ratio fan that compared well with
experimentai data.

(2) The code's calculations to alter stage characteristics and rotor
deviation angles due to blade reset resulted in a flow reduction prediction
with inlet-guide-vane reset for three single-stage compressors that compared

satisfactorily with experimental data trends.

Lewis Research Center
National Aeronautics and Space Administration

Cleveland, Ohio, October 8, 1981

18




.. APPENDIX A
SYMBOLS

The following is a list of symbols defined as used in the text and

figures of this report. Only basic SI units for these symbols are given.
The user information section of the report defines the computer program
: input and output data with appropriate SI and U.S. customary units as
t{ required by the program. i
o A annulus area, mé f
] Cp specific heat at constant pressure, J/kg K é
€1, .. »C6 coefficients for Cp polynomial, JK-1/kg ... JK-S/kg g
9 Df aiffusion factor ;
i incidence angle, deg
E N rotative speed, rpm
p total pressure, N/m2 ,
Pr pressure ratio ;
S R gas constant, J/kg K ;
T total temperature, K ]
r temperature ratio j
t static temperature, K “E
U wheel speed, m/sec ;
v velocity, m/sec f
W flow, kg/sec ]
8 flow angle, deg
Y ratio of specific heats =
Y0 blade setting angle i
aYQ blade reset ;
8 deviation angle, deg }
Nad adiabatic efficiency 1
K blade metal angle, deg ‘
p static density, kg/m3 5

19
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- o blade solidity
! ¢ flow coefficient
g ¥ pressure coefficient
%' Subscripts:
? c choke
d design condition =
g H highest value
- h hub
E - i indicates ¢, N, or «yq
) L lowest vaiue
M meanline
N speed
R “rotor
' S ==== _ stator
| S stall
T tangential
t tip
1 Z axial
¢ flow coefficient
2 rotor inlet
3 rotor outlet
Superscript:
() relative to rotor
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APPENDIX B

t ' COUE CALCULATION DETAILS

)
: Details of calculations within the cod

Generally a routine's calculations are discussed wi
tions common to several routines and program

discussed in separate subsections for

] :
; routine. However, program op
options within the main routine are

figure 14.
? Main Routine

; computer code major subroutines.
) subroutine calls from MAI

y MAIN
call CSINPT
\ CSINPT

Read and write
input data

MAIN
Calculate meaniine
U, R, etc

!

CSPREF CPF
Calculate design stage Update C, and ¥
parameters J’ for each gtage

L

Are stage CSETA
stdq No Calculate stage

Mg, input at - 7
’ g versus ¢
deskn SPV d design speed

] CPF
| Updste C and v
CSPSI ] for each stage

Calculate stage
¢ versus @

at design speed

Option to aiter
rotor deviation
tor otf-design

@ vilue

the option. Routines and program options
by the program. A guide to this sequence

The main computer code routine is entitled MA
A description of the sequence of

N and brief descriptions of the calculations within

e routines are discussed.
tpin a subsection for the

are discussed in the sequence used
is the calculation flow chart of

IN, and it calls all of the

CPF
Update Crp
and y fo
Should CSPsb each stage
Alter stage ¢ |
y be altered values at
for off-design off-design
speed ™1 Option to atter
rotor deviation

tor off-design
speeds

CPF
Update C,
and y fop

each stage

Is
there blade
reset?

Caicutate stage @
and ¢ values
with reset [:

Option to alter
rotor deviation
for blade reset

MAIN

Write design Option to alter
stage parameters stage @ values
and fables ot stage ) at off<design
charadteristics at T7| speeds
selected speeds

!

CSOUPT CPF
Caiculateand write  F1 ypdate ¢
slage and compressor and v !

performance at

selected speeds edch stage

tnd
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oL each subroutine called from MAIN will be used to discuss the overall program
' structure. Other major items performed within MAIN are alse discussed.

? MAIN first calls subroutine CSINPT. The primary purpose of subroutine

| CSINPT is to read and write the input data required to run the computer

: code. After calling CSINPT, MAIN calculates several parameters associated
4

with the rotor inlet and outlet for each stage. Among these parameters av.
the rotor inlet and outlet meanline radii, which are calculated from

' 1/2
a R, = R2 A2 (B1)
v M TN\2T T Tn -
. 2 52 1/2 (62)
* M T \3T T Zn ' \
& Symbols are defined in appendix A. At these meanline radii, representative
)

meanline velocity diagrams will be calculated for each stage.
MAIN next calls subroutine CSPREF, which calculates design (réference)
; velocity diagrams at the meanline radii for each stage. The design velocity
) diagrams are based on the design values of speed, flow, and blade setting
angles. CSPREF also calculates the design values of (reference) flow
{ coefficient ¢4, pressure coefficient wq, and adiabatic efficiency 1

Nad,d for each stage from the following general expressions: ﬁ
V :
Z2M i

¢ = (B3)
2T = ~ e

C T T
- pnad(23 2 (84) !
3
U3T g
orly-1)1v _ 4
Mad = Tr =1 (85)

The values of C, and y are a function of static temperature and are
obtained from sugroutine CPF, whenever needed, by all subroutines throughout
the calculation procedure.

If the stage characteristic naq(e) at design speed is not input,

MAIN calls subroutine CSETA to obtain n,4(¢) for the stage at design

speed. If the stage characteristic w(¢? at design speed is not input,

MAIN calls subroutine CSPSI to obtain y(g) for the stage at design

speed. Also, MAIN has an optional call to subroutine CSPSB, which alters
the pressure coefficient values for off-design speeds. If a rotor or stator
is reset, MAIN calls subroutine CSPAN, which alters the stage

characteristic w(¢) affected by the reset. Within MAIN there is an
optional calculation that alters the fiow coefficient ¢ values for

of f~-design speeds. Within subroutines CSPSI, CSPSD, and CSPAN there is an
optional calcutation that alters rotor deviation angle for off-design values
of flow, speed, and blade setting angle, respectively.

MAIN writes the intermediate output data, which consists primarily of
the following: (1) design values for each stage ¢, ¥, and nag and
specified flow angles, (2) changes in design values of stage ¢ and ¥
because of blade reset, and (3) tabulated stage characteristics of w(e)
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and nadle) at specified speeds. These stage characteristics are used
to calculate the compressor performance map.

The final subroutine called by MAIN is CSOUPT. Subroutine CSOURT reads
the selected speeds and flows at which compressor performance is desired.
At the selected speed and flow conditions CSOUPT calculates and writes
individual stage and cumulative compressor performance parameters.

Subroutine CSINPT

The primary purpose of subroutine CSINPT is to read and write the input
data that the program requires. The main text of this report has a section
entitled Input Data that contains the information that a user needs to
prepare an input data set for this program. This input data section
explains the input data format, purpose, and units. CSINPT is coded with an
option to enable the units of the input to be either all SI or all U.S.
customary. The write statements within CSINPT do not contain units and are
therefore applicable to both SI or U.S. customary input data. CSINPT writes
the input in the same units in which the