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SUMMARY

This report is the second part of a two-part report documenting
the development and subsequent application of a computer program for the
design of axial-flow turbines. The Part | report (NREC Report No. 1147-1)
describes the computer program itseif and the analysis procedure upon
which it is based. This Part If report is éoncerned with the application
of the computer program to the analysis of turbine design requirements.

The report presents the results of a general investigation of
the effects of changes in the meridional velocity distributions specified
at stator and rotor exits. These results are intended to provide future
users of the program with some guidance in choosing suitable values of
this new analysis variable. The report also presents the results of a
specific investigation of the geometry and design-point performance of
six multistage turbines which satisfy a selected design requirement. The
six turbines consist of five-, four-, and three-stage versions of an lIp
spool at each of two maximum tip diameters. The performance predictions
show a 6.0 per cent drop in total-to-total efficiency as the number of
stages is reduced from five to three at the larger tip diameter, and a
L,1 per cent drop for the same reduction at the smaller tip diameter.

For the two most highly loaded designs, the total-to-total efficiency of
the smaller spool was 2.4 per cent higher than that of the original tip

diameter design.



INTRODUCT ION

Under Contract No. NAS3-9418 for NASA-Lewis Research Center,
Northern Research and Engineering Corporation developed a computer pro-
gram for the analysis of the geometry and design-point performance of
axial-flow turbines. During the development of the program and its sub-
sequent use fTor particular design specifications, it became clear that
for some design requirements, the resultant solution of the design prob-
lem was extremely sensitive to two of the analysis variables which had
to be selected by the program user. These two analysis variables were
the radial variation of stator exit tangential velocity and the varia-
tion of power output function with streamline number. Flow conditions
at stator exit are controlled by the first of these variables; the second
is the major factor influencing the solution at rotor exit. While the
choice of these variables for a stream-filament analysis of a turbine
design-point requirement appeared logical and acceptable, experience
with the computer program has shown that considerable skill and experi-
ence are required in order to obtain satisfactory design solutions.

A modified computer program, designated Program TD2, has been
developed to overcome these deficiencies in the original program. This
has been accomplished by deleting the specification of stator exit tan-
gential velocity distributions and stage power output distributions, and
substituting in their place options to specify distributions of meridio-
nal velocity at stator and/or rotor exits. In this manner, the variable
which has in the past exhibited the greatest variation may be limited by
the turbine designer in advance to a reasonable range of values. Thus,
the computation of designs for which there is no acceptable solution in
terms of blading angles has been largely eliminated.

A full description of the resulting revisions in the analysis
and the detailed Fortran coding of the program has been presented in the
Part 1 report (NREC Report No. 1147-1). This Part I] report has two
major objectives. First, it is intended to provide guidance to future
users of the program in selecting suitable values of the new input

analysis variables. At stator exit design stations, a range of



meridional velocity gradients corresponding approximately to constant
section, free vortex, and solid body stator angle distributions are
considered. At rotor exit design stations, the effects of these same
gradients on the radial variation of work output, rotor exit angle,
and velocity ratio are discussed., Second, the report illustrates the
suggested use of the program for a design analysis and performance
optimization of a multistage turbine. Six alternative versions of

the turbine were established by employing a conservative number of
stages and two lower numbers of stages at each of two maximum tip
diameters. All six versions of the turbine maintain the same hub con-
tour, Thus, the results provide a means of evaluating the likely trade-
off of efficiency with annulus height over a range of individual stage

loadings.

Report Arrangement

The report is divided Into three main sections. The first
section presents the results of a general investigation of the effects
of varying the distribution of meridional velocity specified at a
stator or rotor exit. The secand section contains the performance
predictions for the six alternative versions of a multistage turbine.
The annulus dimensions chosen for each design are presented first.
Next, the effects on predicted efficiency of work split between the
stages, specified meridional velocity gradients, and stage mean reactions
are discussed. Finally, the predicted variation of optimum efficiency
with maximum tip diameter and number of stages is presented. The last
section of the report consists of tabulated velocity triangle data

and the full computer output for each of the six final designs.



THE EFFECTS OF CHANGES IN MERIDIONAL VELOC!ITY GRADIENTS

Introduction

The increased design freedom of the rotational flow approach to
turbine design, while overcoming the arbitrary restrictions of conven-
tional free-vortex design procedure, necessari]§ leads to increased de-
mands on the judgment of the designer. As a result of the wide range of
designs specifiable with the previous version of the program, intract-
able cases often arose; for many of the possible choices of input vari-
ables there proved to be, in fact, no valid solution for the flow field
at a design station. Thus, whenever a design was to be executed, it was
necessary to devote considerable effort to merely achieving usable results.

The present revision of the set of input variables has resulted
in a version of the program essentially free from this prospect of fail-
ure. Nevertheless, in exercising the new capability, some decisions must
still be made as to the relative desirability of various nonconstant dis-
tributions of through-flow velocity.

In the absence of any directly relevant experimental data, the
choice of meridional velocity distributions for a particular design re-
quirement must be based on an analytical investigation of the aerodynamic
and mechanical acceptability of a range of alternative designs. In this
section, the results of such an investigation are presented with the in-
tent of providing some guidance for future users of the program.

The total-pressure-loss assumptions employed in the calculations
may exert considerable influence on the variation of flow conditions and
performance with specified velocity gradient. These assumptions are ac-
cordingly reviewed in the first part of this section. Next, the varia-
tion of stator exit parameters for a range of meridional velocity gradi-
ents are discussed. The section concludes by considering the correspond-

ing variations at stage exit design stations.

Total-Pressure-Loss Assumptions

The recommended values of the input constants defining the loss

correlation given in Reference 1 have been used without exception in all



the calculations described in this report. For convenience, the resulting

correlation is repeated here:

}7,_6{40'3@~1Lw/5ﬁ,,) _ Vi - ] s & -
Y-o,(,+ O»gc-‘:‘s/ﬁm -[0.055‘+o.15(-\7;; 0.(9) ff Vi =z 0.6

=t Bl - don A [\ Y, 315] - jéﬁ
)4 Get b 0. 05 ¢ 0.157255 (%) i F <06

where the suffices 4 and ¢¢ denote inlet and exit conditions relative
to a stator or a rotor section. Throughout the analysis no additional
loss factors were specified. Hence, no attempt is made to account for
penatties imposed by tip clearance or aspect ratio effects. Finally, it
must be recognized that any loss correlation derived from over-all stage
efficiency data will be subject to question when applied locally on a
streamiine basis. Nevertheless, experience with the current correlation
has reinforced the belief that both the radial variations of loss at each
design station and the over-all efficiency trends in a family of designs
will be predicted with acceptable accuracy so long as extreme designs

subject to separation or shock losses are avoided.

Stator Exit Flow Parameters

The primary analysis variable governing flow conditions at sta-
tor exit design stations is a specification of the radial gradient of
meridional velocity as a function of radius, along with the tangential
velocity at the mean streamline. The secondary option of specifying flow
angle as a function of radius has been retained without modification ex-
actly as in the prior version; thus, it does not require further descrip-
tion here.

For the initial investigation, it was decided to consider only
linear distributions of meridional velocity. Thus, a single value of
meridional velocity gradient was specified at an arbitrary radius within
the annulus.

Results from three such runs have been compared.in Figure 1.

The actual gradients specified were 40O, 0, and -400 fps per ft; annulus



dimensions and other design requirements correspond to the first stage of

a four-stage version of the 1p spool. (This design is discussed at greater
length in the second section of this report.) Equal tangential velocities
of 1035 fps were specified at the mean streamline for each of the three
alternative meridional velocity gradients. |In general, the stage may be
considered typical except for the presence at stator inlet of a signifi-
cant positive gradient of total pressure with radius, due to specifica-
tion of constant work output for the preceding rotor of the hp spool.

The computed tangential and meridional velocity distributions,
which have been normalized by their mean streamline values, behave in the
familiar manner already reported in Reference 2. The specified 18 per
cent change with respect to the constant distribution in hub and casing
meridional velocity level produces an average of only a 3 per cent change
in the corresponding tangential velocities. As a result, it is the me-
ridional velocities which determine the variations of stator exit and
rotor inlet blade angles; at both hub and casing, the angles are lowered
where the meridional velocities are high. Consequently, the negative
gradient yields the most constant distribution of rotor inlet angle with
radius; the 21 deg rotor inlet twist required by the positive gradient is
reduced to only 8 deg when the negative gradient is imposed.

The same trend is exhibited by the absclute stator angle dis-
tributions. However, the magnitude of the chosen negative gradient ex-
ceeds that required for a constant stator angle design. Furthermore, it
would probably be necessary to specify more than a single value of meridio-
nal velocity gradient to obtain a strictly constant distribution. Were
this required, however, the simplest alternative would, of course, be to
specify the desired distribution directly, using the alternative stator
exit input option.-

The same set of parameters has been plotted in Figure 2 for the
final stage of the four-stage lp spool. The primary difference here lies
in the increased annulus height due to the 22 deg flare at the ocuter
casing. Thus, the hub meridional velocities for the same positive and
negative gradients differ in this instance by 57 per cent of the meanline
vaiue. Once again the corresponding tangential velocities exhibit little

variation, differing by only & per cent at hub and tip between the two



extreme gradients. As can be seen from the similar shapes of the three
tangential velocity distributions, the majority of even this small change
is due to displacement of the mean streamline toward the hub as the me-
ridional velocity gradient is decreased.

A final comment should be made regarding the crossing of the
normalized tangential velocity distribution, observed in Figure 1, which
does not appear-in the results for the final stator. The reason for this
point of difference lies primarily in the differing stator inlet condi-
tions to the two rows. Because of the fixed inlet total pressure profile
to the first stator assumed in the Ip spool analysis, tip tangential ve-
locity must increase as the tip meridional velocity decreases. The final
stator, on the other hand, follows a rotor designed by the specified me-
ridional velocity gradient technique; the stator inlet total pressures
for the three designs therefore vary in a manner reflecting the stator

“inlet meridional velocity variation (set equal to that at stator exit).
As a result no additional tilting of the tangential velocity distributions
is required to satisfy radial quilibrium and each follows an approxi-

mately free-vortex variation.

Rotor Exit Flow,Parameters

The effects of varying the specified gradient of meridional ve-
locity at a rotor exit design station have been illustrated in Figures 3
and 4 for the two stages discussed earlier (first and last stages of a
four~stage Ip spool). Both stages were designed for approximately zero
exit swirl; work output of the first stage is approximately 75 per cent
of that of the final stage.

With regard to the rotor exit blading angles, it will be seen
that a significant reduction in twist may be achieved by manipulation of
the velocity gradient. In the case of the final rotor, for example, when
the negative gradient is specified, hub and casing values of blade exit
angle differ by 25 deg. This variation is reduced to less than 3 deg
when a‘positive gradient of meridional velocity is substituted. The

positive gradient achieves this reduction at a rotor exit design station



simply by eliminating the effect of the radially increasing blade speed
on the rotor blading angles.

Although reduction of rotor exit twist is often a desirable ob-
jective, consideration of the remaining curves presented in Figures 3 and
L4 show that it cannot be achieved, at least for these designs, without
decidedly undesirable side effects. The-low hub meridional velocities
required by the positive gradient greatly reduce the absolute velocities
at rotor hub exit. Hence, the row velocity ratio of the final stage is
increased from 1.23 obtained with negative gradient to 1.75. At the same
time, the magnitude of the rotor hub exit angie has been increased by more
than 10 deg, from ~-49 deg to -60. The net result of these changes is, of
course, to significantly increase the rotor hub total-pressure-loss co-
efficient.

The final parameter shown in Figures-3 and &4, the radial varia-
tion of total temperature drop normalized with respect to the mean stream-
line value, presents at first sight a relatively confusiﬁg'picture. For
the first-stage rotor, the positive.gradient yields a hub total tempera-
ture drop 93.5 per cent of the meanline value, as opposed to 91 per cent
for the negative gradient. |In the case of the final stage, the situation
-is reversed with the positive gradient associated with the lowest total
temperature drop, 85 per cent of the meanline value, as against 94.5 per
cent for the negative.

This behavior may be explained qualitatively as the result of
two opposing trends. When hub meridional velocities are locally high,
the correlated value of loss coefficient will be low. Hence, the achiev~
able work output will tend to be high. -However, in a stage of near-zero
exit tangential velocity, the requirement of radial equilibrium-is for
approximately constant static pressure across the annulus; hence, the high
hub meridional velocity will require a locally high value of total pres-
sure, reducing the available hub total pressure~ratio across the stage.
Hence, the achievable hub work output will tend to be low. 1t is there-
fore necessary to determine which of these two effects will predominate
in a given case before any conclusion can be reached on the effect of ve-

locity gradient on hub total temperature drop.



Considering now the first-stage rotor, it will be seen that the
relatively small increase in velocity ratio with the positive gradient
proved less important than the associated increase in total pressure
ratio, and thus a 3.5 per cent greater hub work output was achieved. In
the case of the final rotor, the much greater increase in hub velocity
ratio predominated, and consequently it was necessary to unload the hub
of the positive gradient design.

The complexitity of this situation is not at all unexpected; in
fact, it forms the.basis of the need for the present program revision,
since with the prior version it was necessary to estimate a work output
distribution a priori, by attempting to assess the relative. importance
of the two opposing trends described above. Figures 3 and 4 illustrate
the difficulty associated with specifying a work distribution to obtain
a design; relatively small changes of the stage total temperature drop
distribution have accompanied considerable chariges in the other design
parameters. The major advantage of the present version of the computer
program lies in the ability to control the most relevant vériable, namely
the meridional velocity, directly rather than indirectly through the in-

termediary of a power output distribution.
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PERFORMANCE PREDICTIONS FOR A MULTISTAGE,
TWIN-SPOOL TURBINE

Introduction

Design requirements for a multistage twin-spool turbine were
specified by NASA for use in demonstrating the capabilities of the re-

vised computer program. They are as follows:

Inlet Total Temperature 2410 deg R
inlet Total Pressure 3b2.4 psia
Inlet Flow Angle 0 deg
Inlet Mass Flow 111.9 lbm/sec
Specific Gas Constant 53.35 ft 1bf/1bm deg R
High Pressure Spoot:
Power Qutput 24,530 hp
Rotational Speed 10,800 rpm
Low Pressure Spool:
Power Qutput 20,110 hp
Rotational Speed Lohe rpm

In addition, coolant flows to the first three hp rows of 1.9,
1.9, and 1.8 1bm/sec at 1400 deg R were specified, and a schedule of
specific heat variation from 0.288 Btu/ibm deg R at hp inlet to 0.262
Btu/1bm deg R at 1lp exit was provided.

The geometry and performance of a total of six turbines satis=
fying the above design requirement were to be predicted. Three were to
have a maximum tip diameter of 43.2 in at exit from the lp spool, while
the remaining three were to have a reduced maximum tip diameter. Within
each of these two groups, a number of stages consistent with conserva-
tive aerodynamics and two lower numbers of stages were to be considered.

This section presents the results of this investigation.

Annulus Definition

Hub and tip diameters for the larger maximum tip diameter de-

signs were established by NASA and may be summarized as follows:



hp Exit/

hp Inlet Ip Inlet lp Exit
Root Diameter, in 28.0 28.2 29.0
Casing Diameter, in 30.2 32.2 h3.2

Based on the results of preliminary calculations, a design consisting of
two hp stages and five lp stages was chosen to represent the most con-
servatively loaded turbine. Since it did not appear advisable to-attempt
a single-stage hp spool, the more highly loaded designs were obtained by
two reductions in the number of Ip stages. The three designs at the origi-
nal tip diameter thus consist of identical hp configurations with either
three-, four-, or five-stage versions of the Ip spool.

To define the streamline angles of inclination at each calcu-
lation point throughout the machine, the axial spacings between the inter-
row design stations are required. For the conservative design, equal
spacings of 1.5 in were assumed, thereby limiting the maximum streamline
slope angle at the tip to 20 deg. The hub and tip diameters were assumed
to vary linearly with axial distance between the values tabulated above.
For the four- and three-stage 1p spool designs, slightly larger design
station spacings of 1.7 and 2.0 in, respectively, were chosen, reflecting
the anticipated decrease in optimum pitch/chord ratio as blade deflection
increases. The resulting tip flare angle of the most highly loaded de-
sign was therefore 25 deg, an acceptable value.

In generating annulus dimensions for the three reduced tip di-
ameter lp spools, two approaches are available. First, the Ip exit an-
nulus could be maintained at its original value by sufficiently reducing
the hub diameter. Alternatively, the hub contour could be held constant
and the exit annulus area allowed to decrease. The first option was
judged undesirable on two counts. First, hub loadings of the three- and
four-stage 1p spools are already high at the original hub diameter, so
any additional reduction in wheel speed would lead to excessive perfor-
mance deterioration. Second, the effects of reduced tip diameter at con-
stant exit annulus area have already been adequately studied with the prior
version of the program, and hence such an investigation would only dupli=-
cate prior efforts. |t was therefore decided to adopt the second alterna-

tive of employing the identical hub Tine for all six turbines.
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An lp spool exit tip diameter of 37.4 in was finally selected.
This value was chosen so as to halve both the exit annulus area and the
tip flare angle. Identical design station axial locations were employed
for the corresponding original and reduced tip diameter versions of the
Ip spool. The six resulting annulus configurations have been shown
schematically in Figures 5 and 6, accompanied by a summary of the per-

formance parameters eventually obtained for each.

Optimization Procedure

With the design requirements and annulus dimensions preselected,
only three analysis variables remain to be chosen by the designer. These
are the following:

1. Work split between the stages

2. Row exit meridional velocity gradients

3. Stator exit meanline tangential velocities (and, hence,

meanline reaction) .
Each of these parameters was accordingly varied independently of the others,
and optimum values derived for each of the six designs, using the criterion
of predicted total-to-static efficiency. Final designs were then exe-
cuted, based on a consideration of both the calculated optimum values and

the requirements of good design practice.

Variation of Efficiency With
Stage Work Split

included with the design requirements originally furnished by
NASA was a specification of the fractions of over-all spool work pro-
duced by each Ip stage. These had been chosen to maintain equal mean-
ling staée loadings, defined as _Bgiybp‘A];/UF for the five stages. As
a result the ratio of first-to-last stage work output was approximately
0.75.

To determine whether constant meanline stage loading in fact
produced optimum spool performance, a series of four-stage, original tip
diameter spool designs was investigated. The ratio of first~to-last
stage work output was varied from 0.5h4 t6 1.44; work outputs of the in-

termediary stages were linearly interpolated between the values established
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for the first and last stages. To permit a valid comparison between the
various spools, meanline stage exit swirls throughout the machine were
maintained at zero., Similarly, all row exit meridional velocity gradi-
ents were set equal to zero in the input data.

Results of these runs are presented in Figure 7. The optimum
total-to~-total efficiency of 86.87 per cent was obtained when the work
output of the first stage was 13 per cent greater than that of the fourth.
However, over the wide range of work output ratios from 0.95 to 1.40, less
than a 0.1 per cent deterioration in total efficiency is indicated. At
the constant stage loading point (work ratio = 0.75), the predicted per-
formance decrement has bequn to increase more rapidly and amounts to ap-
proximately 0.5 per cent. Hence, selection of the stage work split for
an optimized design does not appear highly critical. However, results
for the four-stage spool show that choice of slightly decreasing stage
enthalpy drops is preferable to use of a constant stage loading design
criterion. This approach was accordingly adopted for the four-stage
spools.

The lower pair of curves in Figure 7 presents the results of a
similar investigation on the three-stage lp spool at original tip diame~-
ter. Because of larger mean stage work output for this design, .the
achievable range of work ocutput ratios was limited by the occcurrence of
sonic conditions at stator exit. Over the entire range investigated,
however, the efficiency increases at a modest rate as the loading of
the first stage is increased. Hence, in choosing an optimum work spiit
for the three-stage spool, the designer must weigh a“0.3 per. cent pre~
dicted efficiency improvement against the disadvantages of specifying high
Mach number biading for the stator of the first lp stage. As a conse-
quence, constant stage enthalpy drops (work ratio = 1.0) were specified

for the three-stage spools.

Variation of Efficiency With Meridional
Velocity Gradients

To investigate the influence of meridional velocity distribu-

tion on predicted spool efficiency, a series of ten alternative designs
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based on the three-stage versions of the Ip spool were analyzed. Four
of these runs specified equal velocity gradients of 0, -200, -L40O, and
-600 fps/ft at both stator and rotor exits. The remaining six designs ap-
plied the same gradients to stator or rotor exits only, while maintaining
radially constant meridional velocity for the rotors or stators, respec-
tively. The predicted variation of total-to-total and total-to-static
efficiency is presented in Figure 8.

Optimum total-to-static efficiency of 80.65 per cent was pre-
dicted when a meridional velocity gradient of -200 fps/ft was imposed at
“ rotor exits only. None of the other combinations of stator and/or rotor
veloclty gradients provéd superior, on the basis of calcq1ated static
efficiency, to the datum constant-meridional-velocity design. 'A slight
ITmprovement In total efficiency could be achieved by the use of very large
rotor exit meridiconal velocity variation; an optimum was found with the
-600 fps/ft gradient. However, the large resuiting spool exit gradient of
absolute velocity led to a more than 0.2 per cent decrease in static ef~
ficiency. Since the rotor exit twist also increases (as shown in Figures
3 and &) as the gradient becomes larger, the optimum static efficiency
point (stator gradient = 0, rotor gradient = -200 fps/ft) was selected

for the final designs.

Varijation of Efficiency With
Mean Stage Reaction

Previous investigations using the current loss correlation have
shown that mean stage reaction, conventionalily defined as the ratio of
static-to-total temperature drop across the rotor at the mean streamline
is a significant factor in the performance -level predicted for a design.
Hence,.a series of designs ranging from impulse to full reaction were
analyzed for the three-stage, original tip diameter spocol. Calculated
efficiencies and spool exit absolute flow angles have been plotted versus
the average stage reaction of the three stages in Figure 9.

When stage reaction fails below about 0.4, spool efficiency
drops rapidly because of the unfavorable decelerations experienced near

the rotor hub sections. If, on the other hand, reactions above 0.6 are
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specified, performance again deteriorates significanfly due to the exces=~
sive deflections required in the stator rows and the elevated level of.
spool exit Mach number. Hence, optimum total and static efficiencies
occurred at'average stage meanline reactions of 0.56 and 0.36, respec~
tively. On the basis of these results, a reaction of 0.41 was selected
for the final design. This permitted the first two stages to operate
near peak total efficiency while using a lower reaction for the third
stage so as to 1imit the spool exit swirl angle. _As can be seen from

the symbols representing final design values, a net increase in static
efficiency was achieved.

Similar investigations were undertaken for both the original
and reduced tip diameter versions of the four~ and five-stage lp spools.
In all cases, the inlet tangential velocity to the rotors of the final
stages was fixed so as to avoid undesirable tevels of spool exit swirl.
Results of these computations are presented in Figures 10 and 11, re-
spectively. Optimum performance was in all cases predicted for -the 50
per cent meanline reaction designs. The original tip diameter spools
proved more sensitive to the choice of meanline reaction than those exe-
cuted with the reduced annulus configuration. This occurs since the
lower meridional velocity levels.in the larger annulus resulf in greater
stator row Qe]ocity ratio changes and hence greater increases in stator
loss as the rotor- inlet tangential velocity level is reduced to achieve

high reaction designs.

Variation of Efficiency With Maximum Tip
Diameter and Number of Stages

Full details of the thermodynamic and velocity triangle data
calcuilated for the six final designs have been tabulated at hub, mean, and
tip radii in Tables | through V11, The computer output from which these
tables were constructed is reprodiuced.in appendices to this report. Ap-
pendix | contains the output for the common hp spool used for ali six lp
designs. Appendices || and |11 present the Gutput obtained for the origi-

nal and reduced tip diameter lp spools, respectively.
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Because of the manner in which the tip diameter reduction was
effected, the primary point of contrast between the designs lies in the
higher meridional velocity levels in the later stages of the reduced di-
ameter spools. As a consequence, signhificant reductions in stator and
rotor blading angles were achieved. This may be seen in the following
tabulation of stage loading and flow factor, defined as the ratio of av-

erage meanline meridional velocity to average blade speed.

Stage
] 2 3 b 5

Five-Stage Original:

Stage Loading 1.5204 1.4072  1.3053 1.2131 1.1285
~ Flow Facter 0.7503 0.6014 0.5287 0.4936 0.4864
Five~Stage Reduced:

Stage lLoading 1.5619 1.4999 14411 1.3851 1.3316

Flow Factor 0.9022 0.8708 0.8726 G.9034 0.9735

Four-Stage Original:
Stage Loading
Flow Factor

.9256 1.7358 1.5199 1.3314
. 7403 0.5904 0.5275 0.5103

o —

Four-Stage Reduced:
Stage Loading
Flow Factor

[

.0534L 1.8787 1.7172 1.5677
.9197 0.9036 0.9286 1.0065

)

Three=Stage Original:
Stage Loading
Flow Factor

4389 2.1479 1.8966
.7102 0.57h4 0.5625

QN

Th}ee-Stage Reduced:
Stage Loading 2.5497 2.3835 2.2288
Flow Factor 0.9282 0.9438 1.0872

Hence, in terms of the Smith correlation of achiesvable turbine efficiency
(Ref 3) which is based on stage loading and flow factor, each stage of a
reduced tip diameter design would be plotted at a slightly higher level
of loading and at a higher value of stage flow factor than for the cor-
responding stage from a design using the original outside diameter. Thus,
in conjunction with the range of stage loading lTevels achieved by varying
the number of 1p stages, a fairly wide range of points on the efficiency
carpet has been covered.

The variation of 1p spool total-to-total and total-to-static ef-
ficiency with number of stages and maximum tip diameter has been plotted
for the final, optimized designs in Figure 12. Figure 13 shcws the

corresponding variations in spool exit absolute flow angle and Mach
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‘number. Use of four rather than five stages at the original tip diameter
led to a loss of 2 per cent in total efficiency. An additional four
points were lost when three stages were employed.

The reduced tip diameter spools- showed superior total-to-total
efficiencies over the entire range investigated. However, the achiev-
able improvement was relatively insignificant for the five-stage spools,
amounting to only 0.5 per cent. As the number of stages is reduced, the
advantage of the smaller spools became larger, reaching 2.5 per cent for
the three-stage designs. Hence, depending on achievable diffuser perfor-
.mance, the reduced annulus height designs become increasingly attractive

as stage loadings are increased.

Concluding Remarks

The predicted variations of total-to-total efficiency with
stage loading can be considered reliable. 'The computed relation between
the performance of the original and reduced annulus height designs is,
however, more open to question. As was stated earlier, the predicted
values are directly dependent on the loss correlation assumed in the
analysis. Since the reduced designs would almost certainly have sig—
nificantly higher relative rotor tip clearance and lower aspect ratio,
some loss in efficiency beyond that predicted by the correlation would
be anticipated. However, until such time as experimental data become
available from stages designed using the current analysis procedure, the
loss correlation recommended and used in the program can be considered
satisfactory.

During the investigation of the effect on predicted performance
of changes in the analysis variables, only relatively small changes in ef~
ficiency were predicted over a wide range of stage work splits and me-
ridional velocity gradients. Whereas the .actual performance of a blade
row is undoubtedly affected by the over-all design of the row, a purely
stream~filament analysis with loss assumptions derived ultimately from a
meanline performance correlation cannot fully predict the actual perfor-
mance differences of designs having the same annulus geometry and mean-
line reaction. Thus although specification of a meridional velocity gradi-

ent at a row exit will modify the radial distribution of local flow angle
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and velocity ratio and hence -lead to a redistribution of losses across
the annulus, the mean values of angle and velocity ratio, and hence the
over-all loss level 6f the row, will remain relatively constant. Simi-
larly, variation of the work split between the stages will not signifi-
cantly alter the average stage loading of the spool. Thus, the observed
efficiency variation when these parameters are varied may be somewhat
smaller than that which would be expected in practice. Choice of these
analysis variables should accordingly incliude careful consideration of
the over-all desirability of the resulting design rather than merely the
predicted mass-averaged efficiency. Particularly in the area of select~
ing rotor exit meridional velocity gradients, experimental data derived

from stage testing would be of considerable value to the designer.
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CONCLUSTONS

Performance predictions for a series of multistage turbines having the
same over-all design requirement have shown a 6.0 per cent drop in
total-to-total efficiency for a reduction from five to three lp stages
at a constant maximum tip diameter of 43.2 in, as against only a 4.1
per cent reduction over the same range when a tip diameter of 37.4 in
is employed. Values of total-to-static efficiency were approximately
2.0 per cent lower than corresponding total-to-total values for the
designs at the higher tip diameter; for the reduced diameter spools,
the difference amounted to 6.0 per cent. Hence, the advantages of
reduced annulus height become increasingly significant as the indi-
vidual stage 1oadin§s are increased, amounting to 2.5 per cent in
total-to-total efficiency for the most highly loaded spools.

In a study of the effects of changes in the specified gradients of
meridional velocity, it was established that desired variations in
blading geometry may be rapidly obtained in & manner fully consistent
with chosen assumptions regarding the radial distribution of total

pressure loss. Although the revised program no longer requires

specification of interfilament mixing to obtain valid solutions in

a multistage design analysis, it should be recognized that arbitrary
omission of this effect may result in designs which empioy greater
radial variation of work than that required in the actual stage en-
vironment. Thus, an effort should be made to derive a realistic
correlation of the intensity of interfilament mixing with the flow
conditions at a design statiocn.

An investigation of the effects of varying the .stage work splits and
row exit meridional velocity gradients, using the recommended form of
the loss correlation, indicated relatively little variation in mass~
averaged turbine efficiency over a wide range of values of these analy-
sts variables. Predicted values of efficiency for a given design re-
quirement depended.primarily on.the chosen:annulus configuration.and’
stage mean reactions, Hence, it would be desirable to review the

form of the correlation using experimental data from stages designed
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using the specified velocity gradient approach. Since the correlation
is now applied on an iterative basis, it would be possible to include
parameters related to the over-all flow field at a design station in

assessing the performance levels of the individual stream filaments.
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TABLE | - VELOCITY TRIANGLE DATA FOR

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed {fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

TWO-STAGE HP SPOOL

STAGE 1

Hub

14.025
14.050

72.3
13.8
-72.0
3.3

1494
450
1367
L2k

1322
1324

332.28
257.58
251.30
/200.51

2393.1
2252.4
2238.8
2119.2

0.286
0.329

0.124
0.129

Mean

14,706
14,866

72.4
-2.0
=71.1
5.4

1439
437
1435
470

- 1386
1401

333.28
263.45
257. 74
201.64

2393.1
2262.9
2249.5
2119.2

0.297
0.305

0.120
0.108

23

Casing

15.350
15.600

71.9
-16.4
=71.4

1390
455
149k
486

1447
1470

334.04
269.30
263.60
202.08

2393.1
2273.5
2260.6
2119.2

0.307
0.305

0.116
¢.101



TABLE | - VELOCITY TRIANGLE DATA FOR

TWO-STAGE HP SPOOL. (CONTINUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage "Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed {fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)

Stator ExIt
Rotor Relative Intet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 2

1554

1389
L85

1327
1329

194, 71
143.49
140. 34
108.23

2108.2
1957.4
1961.0
1838.0

0.273
0.385

0.101
0.118

Mean

14.998
15.202

69.8
-2.0
-66.9
6.0

1488
516
1493
595

LR L
1433

196.45
148.73
146,34
108.86

2108.2
1970.3
1974.2

1838.0 -

0.316
0.346

0.097
0.084

24

Casing

15.850
16.100

69. 1
-17.6
-65.5

6.4

1429
[

1596
685

1494
1517

197.39
153.89
151.93
110.69

2108.2
1984. 4
1988.9
1838.0

0.340
0.339

0.094
0.067



TABLE Il - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL (ORIGINAL MAXTMUM TIP DIAMETER)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator ExIt
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
+Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature {deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 1

Hub

14. 140
14.180

60.2
31.3
—5507
-13.5

1015
591
831
4381

573
575

107.07
95.98
94.73
87.84

1838.0
1788.5
1789.8
1756.2

0.711

0.069
0. 1h2

Mean

15.437
15,698

59.7
24,3
-60.2
-15.8

988
552
879
459

626
636

108.46
97.37
96.08
87.60

1838.0
1789.2
1790.2
1749.1

0.603
0.628

0.089
0. 130

Casing

16,650
17.200

59.5
15.3
-64.3
-16.7

950
521
915
L3k

675
697

108.99
98. 50
97.17
87.31

1838.0
1792.2
1793.0
1745.5

0.721
0.569

0.115
0.126
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TABLE 11 - VELOCITY TRIANGLE DATA FOR FI1VE-STAGE LP
SPOOL_(ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED)

STAGE 2
Hub Mean Casing

Station Radius (ins)

Stator Exit 14,220 16.073 17.750

Stage Exit 14,260 16.289 18.300
Angles (deq) - .

Stater Exit £6.0 63.8 62.3

Rotor Relative Inlet 39.8 21.7 1.5

Rotor Relative Exit ~-59.1 -6l b -68.9

Stage Exit “15.4 -17.9 -17.8
Velocities (fps)

Stator Exit 1003 908 836

Rotor Relative Inlet 531 L28 Los

Rotor Relative Exit 308 869 916

Stage Exit 431 Loo 364
Blade Speed {fps)

Rotor Inlet 577 652 720

Rotor Exit 578 660 742
Total Pressure (psia)

Stator Exit 86.34 86.41 86.33

Rotor Relative Inlet 76.43 77.66 78.91

Rotor Relative Exit 75.30 76.74 77.89

Stage Exit 69.4L7 69.22 68.92
Total Temperature (deg R)

Stator Exit 1756.2 1749.1 1745.5

Rotor Relative inlet 1703.2 o 1702.8 1706.5

Rotor Relative Exit 1704, 2 1703.7 1707. 4

Stage Exit 1669.8 1659.8 1655. 4
Velocity Ratio

Stator 0.480 0.506 0.519

Rotor 0.657 0.503 0.445
loss Coefficient X

Stator 0.1H1 0.106 0.102

Rotor 0.157 0.114 0.114



TABLE Il ~ VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL (ORIGINAL MAXIMUM TiP DIAMETER) (CONTINUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative I[nlet
Rotor Relative Exit
Stage Exit

Velocities {fps)
Stator Exit
" Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative inlet
Rotor Relative Exit
Stage Exit

Total Temperature {deg R)

Stator Exit

Rotor Relative Inlet

Rotor Relative Exit
Stage Exit

VYelocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 3

Hub

14.300
14,340

€8.1
41.8
-60.2
-16.0

976
489
802
45

580
581

68.22
60.11
59.20
54,33

1669.8
1617.2
1617.8
1582.7

0.441
0.609

0.118
0.149

16.725
16.877

65.3

15.3
-66.
-19.1

857
377
880

376

678
684

68.32
61.49
60.73
54.09

1659.8
1616.1
1616.8
1569.5

0.467
0.428

0.107
0.105

27

Casing

18.850
19.400

63.4
-13.3
-71.5
-18.3

774
373
938
329

764
787

.68.24
62.88
61.94
53.79

1655.3
1621.4
1622.4
1564.9

0.470
0.398

0.098
0.115



TABLE i1 - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL (ORIGINAL MAXIMUM T1P DIAMETER) (CONT INUED)

Station Radius {ins}
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE &

Hub

14.380
14,420

68.8
41.9
-60.2
-16.4

959
Lé6

810
419

583
585

53.30
L6, 7k
46,02
41,95

1582.7
1530.3
1530.5
149k 4

0.432
0.575

0.122
0.137

28

Casing

19.950
20.500

63.0
-27.6
-73.0
-18.1

727
386
971
314

809
831

53.32
L9.66
48.77
L1.42

1564.9
1536.7
1537.7
1474.0

0.453
0.398

0.093
0.118
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TABLE Il = VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) (CONT INUED)

'STAGE 5
Hub Mean Casing

Station Radius {ins)

Stator Exit 14,460 18.073 21.050

Stage Exit 14.500 18.065 21.600
Angles (deg)

Stator Exit 69.9 66.0 63.3

Rotor Relative Inlet L7.0 6.8 -30.8

Rotor Relative Exit -55.4 -65.9 -72.7

Stage Exit -2.9 -9.7 =7.1
Velocities (fps)

Stator Exit 1026 850 745

Rotor Relative inlet 516 354 403

Rotor Relative Exit 740 871 : 960

Stage Exit 421 366 30hL
Blade Speed. (fps)

Rotor Inlet 586 733 853

Rotor Exit 588 732 876
Total Pressure (psia)

Stator Exit 40,97 41,12 L1.03

Rotor Relative Inlet 35,04 36.48 37.94

Rotor Relative Exit 34,42 36.00 37.21

Stage Exit 31.90 31.63 31.37
Total Temperature (deg R) .

Stator Exit hoh 4 1478.2 14741

Rotor Relative Inlet 1435.1 1433.2 1hiy, 5

Rotor Relative Exit 14348 1433.1 Thhs. 2

Stage Exit 1406.5 1385.5 1382.0
Yelocity Ratio

Stator 0.408 0.438 0.422

Rotor 0.697 0.407 0.420

Loss Coefficient
Stator . 0.126 0.107 0.089
Rotor 0.166 0.092 0.116



TABLE !Il -~ VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP

SPOOL (ORIGINAL MAXTMUM TIP DIAMETER)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure {psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 1

Hub

14,150
14.200

65.2

45,7
-60.
-27.4

1201
722
939
523

574
576

106. 41
91.70
89.19
80.60

1838.0

1771.0
1772.8
1728.2

0.401
0.768

0008]
0.224

Mean

15.516
15,84l

w On
FoF
O WM

~6
-29.

1148

991
502

629
642

107.90
93.29
90.91
80.50

1838.0
1772.5
1773.7
1720.1

0.520
0.651

0.095
0.191

30

Casing

16.788
17.475

6. |
31.3
-68.0
-31.5

1088
578
1027
L72

681
709

108. 33
9k b7
92.22
80.26

1838.0
1776.3
1777.0
1715.9

0.639
0.563

0.125
0.171
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TABLE 111 - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP
SPOOL (ORIGINAL MAXTMUM TIP DIAMETER) (CONTINUED)

STAGE 2
Hub Mean Casing
Station Radius (ins)
Stator Exit 14,250 16.318 18.163
Stage Exit 14.300 ; 16.585 18.850
Angles (deg)

Stator Exit 68.9 £6.9 65.7
Rotor Relative Inlet 49,3 33.6 14,1
Rotor Relative Exit L7.1 20.3 -11.5
Stage Exit =30. -33.1 -33.6

Velocities (fps)
Stator Exit 1124 1009 gz
Rotor Relative Inlet 621 L82 Lis
Rotor Relative Exit 929 995 1038

Stage Exit L9o LN Lo8 -

.Blade Speed (fps)
Rotor Inlet 578 662 736
Rotor Exit 580 672 76k

Total Pressure (psia)
Stator Exit 78.44 78.77- 78.81
Rotor Relative Inlet 67.46 68.81 70.09
Rotor Relative Exit 65.64 67.42 68. 64
Stage Exit 58.77 58.65 58.35
Total Temperature (deg R)
Stator Exit 1728.2 1720.1 1715.9
Rotor Relative Inlet 1663.7 1662,5 1665.9
Rotor Relative Exit 1665.1 1663.6 1666.9
Stage Exit 1618.9 1605.5 1599.3
Velocity Ratio -

Stator - 0.466 0.498 0.511
Rotor 0.668 0.485 0. 400

Loss Coefficient
Stator 0.140 0.136 0.13L

Rotor 0.211 0. 143 0.139



TABLE 111 - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP

SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)

Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
; Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 3

Hub,

14,350
14.400

69.4
k7.1
-63.6
~31.9

1043
539
9h3
kgl

582
584

57.22
Lo, 44
L8.28
k2.71

1618.9

1559.6
1560.5
1512.0

0.470
0.571

0. 149
0.165

Mean

17.139
17.326

66.6
20.3
-69.0
-34.0

905
390
1017
Bl

695
702

57.52
50.87
49,92
42.55

1605.5
1556.0

1556.9
1494, 1

0.504
0.383

0. 140
0.118

32

Casing

19.538
20.225

6.8
-11.5
-73.6
-33.6

811
373
1068
379

792
820

57.51
52.27
51.11
h2.23

1599.3
1560.9
1562.1
1487.2

0.503
0.349

0.128
0.130



TABLE 111 - VELOCITY TRIANGLE DATA FOR FOQUR~-STAGE LP

SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED)

Station Radius (ins)

Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative
Rotor Relative
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative
Rotor Relative
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

inlet
Exit

Inlet
Exit

Total Pressure (psia)

Stator Exit
Rotor Relative
Rotor Relative
Stage Exit

Total Temperature
Stator Exit
Rotor Relative
Rotor Relative
Stage Exit

Velocity Ratio
Stator
Rotor

l.oss Coefficient
Stator
Rotor

Inlet
Exit
(deg R)

Inlet
Exit

STAGE 4

Hub

14.450
14,500

70.7
52.0
=57.2
-11.5

1122
501
305
445

586
588

41.30
3k4.60
339 7LI-
30.78

1512.0
1hldy, 6
144k 6
1410.3

0.440
0.747

0.154
0.211

Mean

17.994
18.072

67.3
20.2
-66.7
-18.5

938
393
934
396

730
733

41.63
36.04
35.44
30.57

1494, 1
1439.6
1440.0
1385.4

0.473
0.421

0.137
0.109

33

Casing

20.913
21.600

65.1
-17.8
-73.0
~16.7

825
386
1015
329

8L8
876

41.61
37.43
36.63
30.29

1487.2
1447.2
1448.2
1377.9

0.459
0.381

0.119
0.124
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TABLE 1V ~ VELOCITY TRIANGLE DATA FOR THREE-STAGE LP
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER)

STAGE 1
Hub Mean Casing

Station Radius (ins) ,

Stator Exit 14.167 15.648 17.017

Stage Exit 14,233 16.087 17.933
Angles (deg)

Stator Fxit 69.1 68.3 68.1

Rotor Relative Inlet 55.4 Lo,8 43.3

Rotor Relative Exit ~65.0 -68.5 -71.9

Stage Exit -40.9 ~h3. 4 -b5,5
Velocities (fps)

Stator Exit 1378 1297 1216

Rotor Relative Inlet 867 750 648

Rotor Relative Exit 1070 1122 1157

Stage Exit 599 573 533
Blade Speed (fps)

Rotor Inlet 574 634 690

Rotor Exit 577 652 727
Total Pressure (psia)

Stator Exit 105.47 107.12 107.49

Rotor Relative Inlet 87.53 89.33 90.57

Rotor Relative Exit 82.98 _ 85.21 86.83

Stage Exit 72.69 72.80 72,64
Total Temperature (deg R)

Stator Exit 1838.0 1838.0 1838.0

Rotor Relative Inlet 1754.5 1756.6 1761.1

Rotor Relative Exit 1757.3 1758.2 1761.7

Stage Exit 1699. 4 1689.6 1684.0
Velocity Ratio

Stator 0.346 0.462 0.583

Rotor 0.810 0.668 0.560
Loss Coefficient

Stator 0. 097 0.107 0.139

Rotor 0.331 0.271 0.234
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TABLE IV - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED)

STAGE 2
Hub Mean Casing

Station Radius (ins)

Stator Exit 14.300 16. 734 18.850

Stage Exit 14,367 17.083 19.767
Angles (deg)

Stator Exit 72.4 70.5 69.7

Rotor Relative Inlet 59.4 L6.9 30.3

Rotor Relative Exit -66.2 -70.8 -7h.7

Stage Exit -43.0 -46. 4 -47.7
Velocities (fps)

Stator Exit 1313 1160 1053

Rotor Relative Inlet 780 572 Lto

Rotor Relative Exit 1080 1160 1198

Stage Exit 596 558 489
Blade Speed (fps)

Rotor Inlet E80 678 764

Rotor Exit £82 693 801
Total Pressure (psia)

Stator Exit 69.25 70.05 70.33

Rotor Relative Inlet 56.94 58.53 59.93

Rotor Relative Exit 53.82 56.32 57.75

Stage Exit 46.37 Lé,.5h 46,27
Total Temperature (deg R)

Stator Exit 1699.4 1689.6 1684.0

Rotor Relative Inlet 1617.3 1614.5 1617.2

Rotor Relative Exit 1619.3 1616.0 1618.2

Stage Exit 1558.5 1538. 7 1528.,7
Velocity Ratio

Stator 0.456 0.494 0.506

Rotor 0.722 0.493 0.376
Loss Coefficient

Stator 0.188 0.185 0.184

Rotor 0.315 0.194 0.181



TABLE IV - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP

SPOOL {ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED)

Station Radius (ins)
Stator Exit
Stage. Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)

Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

lLoss Coefficient
Stator
Rotor

STAGE 3

1450

511

585
588

43.56
33.99
32.02
28.47

1558. 4
1462.3
1462.9
1418.7

0.411
0.985

0.191
0.406

Mean

17.891
18.097

70.9
L6.9
-68.0

-32.3

1221
290
1069
482

725
734

44,50
35.62
34.33
28.49

1538.7
1453.3
1454, 0
1384.7

0.457
0.552

0.181
0.191

36

Casing

20.683
21.600

69.6

23.6
-73.6
-33.

1082
Ll
Tk
ki2



TABLE V - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)

Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 1

Hub

14,140
14,180

56.8
27.4
-50. 1
~-11.1

1039
642
896
586

573
575

107.19
96.29
95.07
88, 14

1838.0
1789.5
1790.0
1756.3

0.059
0.112

Mean

15.295
15.423

56.3
22.0
-53.9
-13.4

1023
614
938
569

620
625

108.66

97.60
96.33
87.92

1838.0
1789. 4
1789.9
1749. 2

0.579
0.655

0.063
0.105

37

Casing

16.360
16.620

55.6
15.5
-57.0
-14.5

998
591
970
551

663
674

109. 45
98.66
97.38
87.67

1838.0
1791.0

1791.4
1744, 7

0.63k4
0.609

0.077
0.099



TABLE V - VELQCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL {(REDUCED MAXIMUM T!P DIAMETER) (CONTINUED})

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Reiative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)

Stator Exit
Rotor Relative lnlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

lLoss Coefficient
Stator
Rotor

STAGE 2

Hub

14,220
14,260

58.3
29.9
-51.2
-13.6

1052
638
922
59k

577
578

86.84
77.20
76.09
69.84

1756.4
1705.2
1705.7
1669.2

0.557
0.693

0.087
0.11%&

Mean

15.614
15.732

55.8

17.9
-5h.9
~14.

982
581
960
572

633
638

86.80
78.10

77.13
69.60

1749.2
1703.4
1703.9

-1660.2

0.580
0.606

0.085
0.092

38

Casing

16.880
17. 140

WA OO O
= w00

928
557
993
549

684
695

86.70
79.00
78.07
69.33

1744, 7
1704, 4
1704.9
1654.5

0.594
0,561

0.082
0.083
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TABLE V ~ VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED}

STAGE 3
Hub Mean Casing

Station Radius (ins)

Stator Exit 14L. 300 15.936 17. 400

Stage Exit 4. 340 16. 044 17.660
Angles (deg)

Stator Exit 57.3 sh. Ly 51.9

Rotor Relative Inlet 27.6 13.2 -0.3

Rotor Relative Exit -50.9 -55.0 -58.4

Stage Exit -14.6 -15.9 ~16.4
Velocities (fps)

Stator Exit 1035 956 898

Rotor Relative Inlet 630 574 559

Rotor Relative Exit 952 99h 1031

Stage Exit 621 595 568
Blade Speed (fps) :

Rotor inlet 580 646 705

Rotor Exit 581 650 716
Total Pressure (psia)

Stator Exit 68.77 68.71 68.59

Rotor Relative Inlet 61.03 61.92 62.82

Rotor Relative Exit 60.15 61.16 £2.07

Stage Exit 54,71 ch L7 5h.21
Total Temperature (deg R)

Stator Exit 1669.2 1660.2 1654.5

Rotor Relative Inlet 1619.5 1617.0 1618.1

Rotor Relative Exit 1619.9 1617.5 1618.7

Stage Exit 1581.1 1570.2 1563.6
Velocity Ratio

Stator 0.574 0.598 0.612:

Rotor 0.662 0.577 0.542
Loss Coefficient

Stator 0.090 0.085 0.081

Rotor 0.102 0.081 0.075



TABLE V - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DNAMETER) (CONTINUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative kniet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Biade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE: 4

Hub

14.380
14.420

5.5

211 1
-49.7
-15.2

1028
639

997
668

583
585

53.82
L47.68
L6.99
42.29

1581.1
1532.9
1533.3
1492.1

0. 604
0.642

0.091
0.090

53.76
48.55
h7.94
L2.05

1570.2
1529.8
1530.3
1479.3

0.632
0.565

0.085
0.071

L0

Casing

17.920
18.180

ko
-6.5
-57.8
-16.8

881
586
1080
607

727
737

53.63
49.43
48.81
Li.80

1563.6
1531.3
1531.9
1471.7

0.645
0.543

0.079
0.068
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TABLE V - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED)

STAGE 5

Station Radius (ins)

Stator Exit 14,460 16.59]1 18. 440

Stage Exit 14, 500 16.678 18. 700
Angles (deg)

Stator Exit 54.6 50.6 Ly b4

Rotor Relative Inlet 26.1 9.1 -5.8

Rotor Relative Exit =L, 5 -50.1 -gh. 6

Stage Exit -8.9 -10.8 -11.7
Velocities (fps)

Stator Exit 1103 1003 935

Rotor Relative Inlet 711 6lL6 642 -

Rotor Relative Exit 997 1050 1096

Stage Exit 720 §87 65L
Blade Speed (fps)

Rotor Inlet 586 673 748

Rotor Exit 588 676 758
Total Pressure (psia)

Stator Exit L1.49 41,43 41.30

Rotor Relative Inlet 36.02 36.83 37.64

Rotor Relative Exit 35.46 36.34 37.15

Stage Exit 32.16 31.91 31.65
Total Temperature (deg R)

Stator Exit 1ho2. 1 1479.3 1471.7

Rotor Relative Inlet 1438.5 1434,9 1436.9

Rotor Relative Exit i438.8 1435.3 1437.4

Stage Exit 1402.5 1387.3 1378.5
Velocity Ratio

Stator 0.606 0.636 0.649

Rotor 0.713 0.616 - 0.585
Loss Coefficient

Stator 0.088 0.082 0.076

Rotor 0.091 0.070 0.065



JABLE VI - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps),
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
" Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature {deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 1

Hub

14.150
14.200

61.3
Lo, 1
~5h.7
-23.7

1213
761
1022
6l

57h
576

106.69
92,40

90.15
81.19

1838.0
1773.2
1774.0
1727.8

0.420
0.745

0.067
0.163

Mean

15.337
15.501

60.5
34.6
=57.9
~25.6

75
705
1064
630

622
628

108.25
93.87
91.72
81.13

1838.0
1773.8
17744
1720.4

0.506
0.663

0.073
0. 144

b2

Casins

16.425
16.750

29.7
- 28,5
-60.5
-26.7

1136
659
1096
611

666
679

109.10
95.03

92.99
80.98

1838.0
1775.8
1776.1
1715.3

0.552
0,601

0.077
0.128



TABLE VI - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONT]NUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage - Exit

Total Temperature (deg R)

Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
"Rotor

Loss Coefficient
Stator
Rotor

STAGE 2

Hub

14.250
14.300

60.4
36.8
~55.2
~26.2

1157
715
1073
683

578
580

79.41
68.88

67.28
59.58

1727.8
1667.0
1667.7
1616.8

0.556
0.666

0.108
0.134

Mean

15.737
15.890

58.1
25.9
-58.2
-26.9

1078
635
1108
657

638
6l

79.57
69.82
68.49
59. L4

1720.4
1664.6
1665.2
1606. 1

0.584
0.573

0.108
0.105

43

Casing

17.075
17.400

56.3
14.9
-60.8
-27.1

1018

591
1136
628

692
705°

79.60
70.72
69.49
59.22

1715.3
1664.9
1665. 4
1598.9

0.600
0.521

0.105
0.093
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TABLE VI = VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED)

STAGE 3
Hub Mean Casing

Station Radius {ins)

Stator Exit i4.350 16,140 17.725

Stage Exit 4. 400 16.284L 18.050
Angles (deg)

Stator Exit 57.3 U 51.9

Rotor Relative Inlet 29.8 i5.5 2.0

Rotor Relative Exit -5k, ~57.3 -60.1

Stage Exit -26.6 -26,8 -26.6
Velocities {fps)

Stator Exit 1092 1008 946

Rotor Relative Inlet 679 612 590

Rotor Relative Exit 1130 1163 1191

Stage Exit 741 706 671
Blade Speed (fps)

Rotor Inlet 582 654 719

Rotor Exit 584 660 732
Total Pressure (psia)

Stator Exit 58.23 58.32 58.28

Rotor Relative Iniet 50.93 51.82 52.69

Rotor Relative Exit L9.90 50.95 51.84

Stage Exit 43,47 43,29 43,07
Total Temperature (deg R)

Stator Exit ]6]6.8 1606. 1 1598.9

Rotor Relative inlet 1562.6 1558.5 i558.4

Rotor Relative EXit 1563.3 1559.2 1559.1

Stage Exit 1508.6 1495, 1 1486. 4
Velocity Ratio

Stator 0.626 0.652 0,664

Rotor 0.601 0.526 0.495
Loss Coefficient

Stator 0.117 0.112 0.106

Rotor 0.101 0. 081 0.076
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TABLE VI - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED)

STAGE &
Hub Mean Casing

Station Radius (ins)

Stator Exit 14.450 16.555 18.375

Stage Exit 14.500 16.681 18. 700
Angles (deg)

Stator Exit 56,4 52.8 49.9

Rotor Relative Inlet 31.6 16.3 2.1

Rotor Relative Exit -46.7 -51.6 -55.6

Stage Exit -14.6 -16.0 -16.6
Velocities (fps)

Stator Exit 1189 1085 1012

Rotor Relative Inlet 773 686 659

Rotor Relative Exit 1070 = 1120 1161

Stage Exit 759 726 692
Blade Speed (fps)

Rotor inlet 586 671 . 745

Rotor Exit 588 676 758
Total Pressure (psia)

Stator Exit 42,29 L2.36 42,30

Rotor Relative Inlet 36.00 36.82 37.61

Rotor Relative Exit 35.25 36.20 37.02

Stage Exit : 31.37 31.16 30.93
Total Temperature (deg R)

Stator Exit 1508.6 1495, 1 1486.4

Rotor Relative Inlet - 1447.2 14421 1442.0

Rotor Relative Exit k7.7 1442.6 1442,7

Stage Exit 1404, 2 1387.2 1376.4
Velocity Ratio

Stator 0.623 “0.651 0.662

Rotor 0.722 0.612 0.567
Loss Coefficient .

Stator 0.112 0.105 0.098

Rotor 0.107 0.081 0.072



TABLE VIl - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER)

Station,ﬁéﬁius {ins)
Stator Exit
Stage Exit

Angles {deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Bldde Speed (fps)
Rotor Inlet
Rotor Exit

Totdl Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 1

Hub

14167
14.233

65.0

hg.5
-58.7
-34.3

1398
910
1154
726

574
577

105.98
88.31
8L4.50
73.78

1838.0
1756.3
1757.5
1698.2

0.370
0.789

0.077
0.231

Mean

15.407
15.631

6h.0
L'J‘I'-S
-61.4

-35.9

1338
825
1196
710

625
634

107.34L
89.95
86.45
73.92

1838.0
17574
1758.2
1689. 9

0.446
0.690

0.079
0.196

L6

Casing

16.533
16.967

63.1
39.1
-63.7
-36.9

1284

755
1227
688

670
688

108.63
91.21
88.01

73.90

1838.0
1759.6
1759.9
1683.8

0.483
0.615

0.080
0.170



TABLE V11 - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg) -
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities (fps)
Stator Exit
Rotor Relative Injet
Rotor Relative Exit
Stage Exit

Blade Speed (fps)
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative [nlet
Rotor Relative Exit
Stage Exit

Velocity Ratio
Stator
Rotor

Loss Ceefficient
Stator
Rotor

STAGE 2

63.7

1343
862

1257
822

580
582

71.16

59.08
56.64

h7.97

1698.2
1620.2
1621.3
1553.6

0. 5k1
0.686

0. 134
0.177

Mean

15.946
16.156

61.5
36.9
-60.8
-36.7

1242
743
1290
787

6L7
655

71.62
60. 14
58.20
48.01

1689.9
1616.8
1617.7
1539.7

0.572
0.576

0. 134
0.132

L7

Casing

17.400
17.833

59.9

1168
666
1313

749

705
723

71.86
61.09
59.38
47.88

1683.8
1616.0
1616.6

1529,7

0.589
0.508



TABLE V11 - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP

SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONT INUED)

Station Radius (ins)
Stator Exit
Stage Exit

Angles (deg)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Velocities {fps)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Blade Speed (fps}
Rotor Inlet
Rotor Exit

Total Pressure (psia)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit

Total Temperature (deg R)
Stator Exit
Rotor Relative Inlet
Rotor Relative Exit
Stage Exit )

Velocity Ratio
Stator
Rotor

Loss Coefficient
Stator
Rotor

STAGE 3

Hub

14,433
14,500

62.1
L7.0
-48.8
-21.5

1529
1048
1191

843

585
588

45.82
36.06
3h.45
29.83

1553.6
1460.9
1461.6
1407.6

0.537
0.880

0.126
0.191

Mean

16.509
16. 688

29.2

-23.2

L8

Casing

18.267
18.700

57.0
- 25.7
-56.8
-23.8

1293
790
1284

778

741
758

46,38
37.80
36.70
29.58

1529.7
1451.4
1451.7
1372.2

oo
i

0.115
0.111
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FIGURE 1 - EFFECT OF MERIDIONAL VELOCITY GRADIENT ON STATOR EXIT
CONDITIONS (FIRST STAGE OF FOUR~STAGE LP SPOOL)
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FIGURE 2 - EFFECT OF MERIDIONAL VELOCITY GRADIENT ON STATOR
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APPENDIX |

COMPUTER QUTPUT FOR THE HIGH-PRESSURE SPOOL

This appendix presents the computer output for the common hp
spool employed by all six of the final turbine designs. A printout of
the input data specified for the case appears on the first four pages,

followed immediately by the results of the design analysis for the spool.



#¢ PROGRAM TD2 = AERDDYNAMIC CALCULATIONS FOR THE DESTON OF AXIAL TURRINES ##

KP SPOOL OF NASA wULTISTAGE TwINSFODL TuRSINE

®ss GENERAL INPUY DATA sas

HUMBER OF SPOOLS = 1
RUKEER OF SETS OF ANALYSIS VARIABLES = 1
NUMBER OF STREAMLIKES = 9

Gas CONSTANT = 53,35000 LEF FT/LEM UZ8 R
INLET MASS FLOW = 111,90000 LEN/SEC

@ TABULAR INLET SPEGIFICATIONS &
RADIAL TOTAL ToTAL ADSOLUTE
COORDINATE  TEMPERATURE  PRESSURE - FLOM ANGLE
(3T1) t0Ea R) (P31) {DEB)

183000 2810000 Ta240000 0+000



ase SpQOL INPUT DATA fap

@4 DESIGN REQUIREMENTS #o

ROTATIVE SPEED & 1080040 RAPM
POWER quTPUT & 24530,00 HP

®e ANALYS1S VARTABLES 93

NUMGgR QF STAQES @ 2

@ PONERQUTPYT SPLIT &

#RACTION OF
STAGE NUMBER  SPOoL POMER OUTPUT

1 +«49000
2 51000

9 SPECIFICSHEAT SPECIFICATION @

OESION STATION NUMBER SPECIFIC MEAT
(BTU/LEN DEB R)

+26800
120800
20200
» 28200
oRT800

[ R 2N N

@ ANNULUS SPECIFICATION ¢

STATION NUNBER Axyady, POSYTION RUB RADIUS CASING RADIUS
1IN um tINY
1 0.0000 13.9750 14,8500
2 1.5000 14+0000 18,1000
3 340000 1400280 15.3%00
% 4,5000 1420500 I8, A000
5 6,000 1420750 15,8500
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& 7420V 1491000 16,1000
7 9,000n 1401809 16,0500

@ CpQLANT SCHEODULE ®

FRACTION oF TOTAL
BLADE ROW NUNBER INLET MASS eLOM  TEMPERATURE
tbEg R}
1 +01698 1a04.00
2 01598 1408400
3 ,0160% 1400,00
¢ 0,00000 1400.00

@ BLADE=ROW EXIT CONDITIONS &

STATOR 1
WERIDTONAL
RADIAL VELOCITY
POSITION QRADIENT
[FLH tPER  SEC)
146900 Qa00

WHMIRL VELOCITY AT THE WEAN STREAMLINE s  1370s7000 FEET PER SEC

foToR 1
SOLUTION COMPUTED For RADIALLY CONSTANT WpRk QUTPUT
STATOR 2
WERIDIONAL
RADIAL VELOCITY
POSITION GRADIENT
{IN} tPER SEc}
400000000 000

WHIAL VELOCITY AT THE MEan STREANLINE o  1398.6000 FEET PER $EC

RGTOR 2

SOLUTION COMPUTED FoR RADIALLY CONSTANT WoRk CUTPUT

# BASIC INTZRRAL LOSS CORRELATION ¢
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TAM(INLET ANGLE) & TAN(EXIY ANGLE) t 493000000 @ 15725500 ® (¥ RATIO)®® 3.40) 1IF (VY MATIO) JLT» (62000000
[ ]

TIKES®
+50000000 ¢  L80000000 & COS(ERIT ANALE) t 005200000 & 15000000 S{{V RATIO)= 4001} IF (Y RATIO) «8Es 40000000

THE PRESSURESLOSS COEFFICIENT CONPUTED N THIS MANNER MAy NOT ExCLED & LINIT 0F  2,00000000



STREAMLINE
NUpMBER

DO D AP WD -

STREAMLINE
NUKBER

BEYPRD N

RalIal
POSITION
[#8. 1]

1440090
EIILIL]
14,2817
14,4207
14,5585
14+5953
140831)
143080
15,1000

sTaTic
PRESSURE
PS1)

33849123
A34.%123
33449323
A34.9123
3349123
33609122
3349323
334.9123
33429122

MaSS«FLOW  MERIpIONAL

FUNCTION
(LBM/SEC)

000000
13.94750
27,97500
41,%625¢
5%,95000
49293750
83,92500
97e9)1250

111,90000

STaTIC

TEMPEHRATURE

(oEe /)

2397,35
2397,39
2397,35
2397,28
2397,3%
2397,3%
2397.3%
2397438
2397,38

©2% guTPUT QF SPOOL ODESIGN ANALYSIS d4e

VELOCITY
(FP5)

421145
42Tal45
427,140
427,145
427,145
4274145
4274145
4274143
437,145

STHREAMLINE

5LOPE
ANOLE
(DEG}

2955
20049
34134
42208
5274
64332
72383
Bak2t
Dokt

¢s STATOR INLET 1 #¢

AXIal
YELOCITY
tFPS)

427,086
426,872
426 507
425,994
425,337
424,539
423,504
422535
421,334

STREAMLINE
CURYATURE
{PER tN)

0e00000
0e0g000
000000
0+00000
Cego000
0ep000
Qe00000
s pa000
Qe00000

HHIRAL
YELOCITY
{FPs)

0e¢000
04000
0.000
0q000
Qe000

ABSOLUTE
VELOCITY
(rP3}

427,145
4274148
:zr,;as
27, 145
42T 145
4274145
4274148
427e48
427,148

ABSOLUTE
MACH
KUMgER

»18380
+18280
»18380
»19280
18380
«18380
110280
+18380
10300

we STATOR 1 WIXEp AND/OR COOLED GUANTITIES W&

STREANLINE
NUNgER

ADSOLUTE
TOTAL

PRESSURE
[S.13¢)

Je2.4000
Je248005

ABSDLUTE
TOTAL
TeMPEAATURE
IDEA Ry

2393,1e
239335

ABSOLUTE
TOTAL

PRESSURE
{Psl)

42,4000
342,4000
342,4000
'382,4000
3424000
“342,4000
3424000
134254000
342, 4000

ABSQLUTE
TOTAL
TeMPERATURE
(pEd R)

2410400
. 241000
2alg,00
2410,00
‘2410,00
2410400
241000
2410400
24ld,00

69

ANSOLUTE
FLOY
ANGLE
{oEa}

De000
0000



TREARLINE
WUNBER

D AR LN e

STREANLINE
AKUKBER

B O P

RAD1AL
POSITION
tINY

14,0250
1441993
14,3748
1445296
147059
148700
15.0219
15,191%
15:35¢0

sTaTIg
PRESSURE
1143 8]

280,897
282,%33)
2540918
255,587
25T p208
25043977
a59., 717
2860+9%62
2624 224%

HASS=pLO¥
FUNCTTON
{LBN/SEG)

0.00000
14e224T2
20,8494
42.07418
56,8987
112399
B543482)
99,57302

113,79774

5TaTic
TEMPERATURE
(DEQ R)

223813
2241435
22hh 22
2245,97
2249.60
2252.12
2254 ,55
22%6,088
225%,11

MERTOIGNAL
YELOCITY
{FPS)

437,094
437.09
437,094
437,09
437,094
43T.0%
43T.094
437 pok
4371094

STREAMLINE
SLOPE
ANBLE
IpES)

955
24074
34175
4,239
5,327
64380
Te420
BobaT
9,482

GO UL

Ja2s k008
42,4000
42,4000
J42,4009
Jsgdbogy
42,4004
Jh2.400p

293,14
2393,14
239314
2193,14
£393.1a
2393,14
2393.14

'@® STATOR EXIT = ROTQR INLET § ©o

A%1aL
VELOCITY
(FPS)

437,034
435,808
436 424
435,888
435,207
434,287
431,434
432 353
631,147

STREAML INE
CURVATURE
(PER 1N}

00000
« 00000
200600
+ 30000
*+00000
=s00000
=e00000
= 30000
=s00000

MHIRL _
YeLOCITY
{FP5}

1428,782
1413482
1398,728
1384448y
1370700
13574358
13444419
133) 882
1319.6%¢

BLADE
VELOCITY
{FP5)

13219825
13384252
13540413
1370324
13864000
140] eady
1436,728
14318901
1446,703

ABSOLUTE
VELOCITY
IPPs)

14%44146
1479482,
$1465,433
1451,839
1838,704
14254997
1413.088
14%01,75)
13904162

RELATIVE
VELOCITY
tFPS)

439,95
843,521
439,335
4374324
4374365
4394334
443,435
448,378
4554183

ABSOLUTE

RELATIVE
MACH
KUMBER

L0039
19728
+19539
19438
019428
219504
19659
119885
20177

e ROTOR 1 MINED AND/OR COGLED QUANTITIES *°

BYREAMLINE
HuxgER

YT R Yy

As30LUTE
TOTalL

PRESSURE
-3¢

332.2780

33249838
N

ARSOLUTE
TOTAL
TEHPERATURE
(DES Ry

i:;o.ss
2 5.83
237483

RELATIVE
ToTaL,

#RESSURE
trs1)

!::nglls
2 923
260,9687

RELATIVE
TOTAL
‘TEMPERATURE
(ke /)
2236,06

2238,80
2241430

ABSOLUTE
ToTaL
PRESSURE
tPs1)
332.2768
132,5536
33z,8116
333,0%23
333,2773
333,488
331,5855
333 8708
238 ,0449

RELATIVE
TOTAL

PRESSURE
(13 4]

287 ,5758
259,049
26045185
261490840
26,4473
264,9096
2066,3721
26T,8358
209,3017

A8S0LUTE
TOTAL
TEMPERATURE
to€a R)
2393414
2393014
2393,14
23%3.14
2393414
2393414
2393414
2393,14
239314

MELATIVE
TOTAL
TeEEPERATURE
fnEs A1)

22%2,27
2254.9%
228748y
228923
226207
2ab5.5]
FELIN T
2270082
2273449

70

ABSOLUTE
FLOW
ANALE
{DEG}

T2.992
T2.827
72,671
T2.524
7243858
Te.254
T2010)
TZ,01%
T1.907

RELATIVE
FLOW
ANGLE
HEQY

13,752
9172

5. 798
1488p
=Ze033

- =5, T8
- AT
»130015
)by4)d



lYl:.NLlNE
NUNGER

O BB RS WN

STREANLINE
NUNEER

L L Bl b DX L

RADIAL
ROSITION
{IN)

1440500
J4a2043
14,4712
1448728
1443659
1:-05:&

*239%
{50‘210
iSed000

$TaTlc
PRESSURE
(L83 §]

195,5982
19845988
ie%,5997
1958007
19545020
195,6038
19546080
1956067
195,6068

STREAMLINE
UNBER

O WA -

HaASSFLOY
FUNCTION
(LBN/SEC)

0s000200
14048105
28,%2739
43438386
8784537
T230690
86, Te044
101023000
11569158

STaATIC
TEMPERATURE
(DEG R)

210648
2105.4%
210467
2104,06
2103,57
203,19
102,80
2102,69
210240

STATOR
REacTION

»28508

2087}
29148
_e2%a2}

-l 1R kg

HERTDIONAL
YELOCITY
(FPS)

4234323
4394378
48] 408
A6 408
467.519
:;a-aus

.3
sl
402s4TH

STREAML INE
SLOPE
ANGLE
DEQ)

+«95%
24143
3,218
4,371
Se43)
6,469
T.4823
B.40p
Fhe2

ROTOR
ALAcTION

32920

+30804

33349823
333.2772
31344880
333,685%
333,8708
3440449

2378, 8)
2376.0%
2316403
2376,83
2376,8)
237683

#e SYAQE EXIY

AXLaL
VELOCITY

{FPS)
423,254
437,060
450,687
459,148
465,418
469994
413,167
475,107
475,910

STREAMLINE
CURVETURE
tPeR 1Ny

=+00000
=+ 00000
-y 00000
we 00000
«00000
+00000
«00000
» 20000
« 00000

WHIRL
YeLOGCITY
1FP5)

245443
30503
5,810
400000
4).08%8
4Te304
Shed

53.13:
554939

ALADE .
V{LOC]TV
tFFS)

1324,181
13444588
13644069
1382+8a89
1a401+079
TS EN.1.7Y

T 18364262

1453.39%
1470265

201.5403
283.,0104
20444797
265,9492

87,4202
HEWTEN

AUSOLUTE
YELOCITY
(FPSY

4244028
450443
452,80
4624222
69,87y
4754365
- 479,808
483,308
4884708

RELATIVE
¥ELOCITY
1rP5)

13684938
1385 ,59%
1403,057
1419,815
1438,487
1850483
1445,728
14804227
1494,1358

&» STAAE | PERFORMANCE %4

2243,92
2246436
2249.20
2251,85
2254,51
2257.10

ADSOLUTE
HACH
HNUMBER
19401
120156
20720

21140
21499

22242

RELATIVE
MACH
NUMGER

B2541

83410
'ﬁOzéx

ABSOLUTE

TOTAL
PRESSURE
ips)

2005074
290.9018
201,2102
20144514
20146438
20179682
2019206
20240145
20208313

HELATIVE
ToTal

PRESSURE
PSI)

:gl 303:
3,417
HFEHH
256.217)
287,7438
259,2400
b, 7122
202,1639
243,3974

ARSOLUTE

TOTaL
TEMPERATURE
(pEs R)

2119419
2119+1%
211,19
211919
2119419
le:'lz
L]
g{%’.f‘
2119+19

RELITIVE

TEHPERAYURE
(DEG R}

2238,78
zzﬂan
22440
zzﬁe.?a
2249,3)
2252,2%
e
237.02
2260483

STATOR ROTOR
PRESSURE PRESSURE 3TATOR ROTOR RQTOR STAGE
LOSS 1088 BLADE RO  BLADE ROW ISENTROPI¢ ISINTROPIC
cOEFFICIENT cuzrr!ct:HT EFFIcIeNcY EFFICIENCY E*FIcleENgY FFFICIENCY
12439 112889 ¥e668 91211 194091 +48508
12304 +1209p 0727 1772 «34290 «80819
32180 +11330 90787 22184 «94423 MTITH
13087 #1111 /98029 J2404 194807 9239

71

ABSOLUTE
FLOW
ANOLE
(0EG)

2,308
3974
4,818
4.979%
54383
ST
[ TT-LA]
LT
bseT04

RELATIVE
FLOW
ANGLE
{UEG)

«71,982
«T1:524
'715201
«71.123
aT1ea72
oT],08%
oT1le149
wlled56
wT1e802



TabtR

BN P N

. P A

pRADIAL
PosiiTan
N

140790
1443129
14,5470
147749
1449980
152160
154318
1504325
1548300

. a29e90

229954
«30213
0472
20729

HASS'FLDH FERIDIONAL

FUReTION
lLBHfSEC}

0400000
14068732
29,3483
#4,06195
50474927
73,436508
28,1239

102481121
117449853

304060
30200
30224
030291
PETCLT

11963
+11068
11782
011704
211635

llﬂTSé
«10532
«10334
1018

Rt H

+90873

0978
91004

@ MASS=RVERAGED QUANTITIES o

STATOR BLADEaROW EFFIGCIENCY
ROTOR BLADE.ROW EFFICIENCY

STAGE WORK

STAGE TOTAL EFF{clENCY
STAGE STATIC EFFICIENCY
STAGE BLADE~ 70 JEv=sPEED RATIO

90861
92539

92110
.92570
«9ogs
+93095
193151

3427 BTV PER LEK

+90592
86064
«208%%

0 STATOR 2 MIKEQ AND/OR COOLED QUANTITIES @

IFPSI

516,176
SI64176
516,176
5164176
816¢176
:lﬁ.l;&
lﬁtl (-]
518,176
516,176

STREAHMLINE
NURBgR

OO =P AP DN

APSOLUTE
TOVAL

PRESSURE
tPSI)

200.507s
200.90%8
20)+2102
20144514
20] +6438
20147982
2019208
20240148
202.001%

ABSOLUTE
TOTaL
TeMpeRa TuRE
(DEG Ry

2108,17
2108,1

FH Y
2108.17

210817
2108.17

@8 STATOR gXIT = ROYOR ENLET 2 eg

1
VELﬁciyV

{FPs)

516,105
%15.830
515,383
514,717
$13,4903
512,932
511481

510454

509,1%3

WHIRL
V¢L0cIT?
{¥FPS}

465,878
144779

1‘30'016
14124593
13954600
1379,069
13624989
13474232
13924039

ABSOLUTE
VELOCTITY
(FPS)

1354,102
15374056
1520324
1503.947
14874998
16724504
1457458
140p,024
1426,875

ABSOLUTE
MACH
HUKggR

o TALAT
oTa264
. 12399
«T155%
2 70T
#99939
09169
+58a22
07897

« 94557
+ 54580
« 94583
294567
+194583)

ABSOLUTE
ToTAL
PRESSURE
[1:34 §)
194,714
1952623
195 7280
19601125
175+4474
196,7368
196,9885
197,2065
197,3%38

Aw30n
0951
9808
a940
11

ABSOLUTE

TOTAL
TENPERATURE
kg R)

210017
2108417
2108,17
2108417
2108417
2108,17
2108417
2108417
2108,17

72

ABSOLUTE
FLON
ANOLE

(DEG}

Tob04
10+3%0
70,181
69,979
8%.788
49,598
89,419
494247
49,082



STREANLINE
HUKBER

it

G DN PRy

-1 B R R L L

static
PRESSURE
tPS1Y

1374813
138,9846

T 1403457

1410918
1‘2-9483
1480141

1452782
14be350])

47,3898

podiH4bn
{IN)

141900
JAedgad
146845
1449571
15.2020
154410
156697
15.8091
16,1000

STaTIC
TENPERATURE
(OEG R}

1937,123
1940,86
1944048
147,99
951437
lsseitz
1957 T4
195007i
198344

My SSTFLOW
FUNCTION
(LBM/SEC)

000000
18,08740
29437503
44,06262
58,75021
13443779
68,1a5837

192,61295
117,50052

STREAML INE
SLOPE STREAML INE
ANGLE CURVATURE
{pEG) (FER 1N}
£ 955 0400000
2.100 0400000
3,217 0400000
44309 0e00000
54379 0400000
6,427 0+00000
T.486 ¢+00000
8,488 0000000
9,482 0400000
aa

STREAMLINE
HU

“Fes

DO~ NF W -

“IDION
ELOCIT
(FPFS)

“Babil
518,550
5484058
569,747
592,235
813,971
635,78%
657,937
88,603

BLADE
YELOCITY
(FPS)

1326,537
13494049
1371021
13924502
llla-sag
1434418
14354 ,38s
J4T4e08
1493.827

RELATIVE
YELDCITY
{24 1)

53¢ ,653
228,525
519.537
515.551

16¢468
5191107
524,205
53t 4555
S4ge9

AELATIVE
MACH
NUMBER

,25509
+25050
RATAL
W2ASTT
« 24552
124856
JE4B78
125208
25623

ROTCR 2 MIXED AND/OR COOLED QUANTITIES e+

ARSOLUTE
TOTat
PRESSURE
tPs1)
19447134
195+2623
1957240
19641135
1960447
19627386
19649085
19742065
1473936

VgLOclkf
(FPs}

aBh 49T
517,604
543,762
585,517
585,288
603 :1.T]
50924

« 790

ABSOLUTE RELATIVE
TOTaL TOTaL
TEWPERATURE PRESSURE
{DEG R) 1233
2108,17 143,4878
2108417 144¢818g
2100417 1*5.1289
2108417 14744314
2108.17 148,727y
2108417 150+0189
2108417 1513092
2108,17 152,6000
2108,.17 153,893
*9 oTAqE EXIT 2 99
WHIR HSOLUTE
VtLuc:§v °£Luc:Tv
IFPS) {FPS)
274198 485,373
394813 5204069
494039 5484258
Sheals 5724719
61,687 595,450
68,239 617.5%4
594559 639,579
71,978 6] ,064
734887 404,58y

057.525

RELATIVE
TOTAL
TEMPERATURE
{pEG R)
1957,37
195002
1963.60
1966,48
1970426
1973.70
1977.20
1980,75
1984,36

ABSOLUTE
MACH
. RUKpgR

+ 23768
+ 25506
25904
«28320
+29252
«30354

RELATIVE
107

oTal
PRESSURE
{PSI]

143,4878

1474314
148.7271
150,0189
1513092
152.6000
153,8932

ABSOLUTE
TDTUL
PRESSURE
[12:34]
108,2258
108,793
1¢9,2293
109,5756
109,6639
110.1073
110.3232
110,5164
110.6912

RELATIVE
TOTaL
TEMPERATURE
f0ES R}

1947 ,37
1969.42
196346
1966,6
1970

197 Jn%ﬁ
197720
1980,7%
198438

ABSOLVUTE

TUTAk
TEkPER, TURE
10EQ 'R)

1837498
1837,%¢
1837,9¢
1037,98
1837,%8
187,98
1831,9¢8
1831,98
1837,9%

73

RELATIVE
FLOW
ANGLE

(DEG)

15,109

214998
6,129
10,125
=13.982
17,426

ABSOLUTE
FLOW
ANGLE
(DEGH

3,213
4376
5133
3,602
6,036
64260
6,362
LT3
5,392



STREAMLINE
NUNBER

C-F BT A 21

STaTlc
PRESSURE
[1233)

04,2412
1642021
toss118]
10349895
103,817
103¢6016
1033430
103+0412
1026959

STHEAMLIME

AUHYeR

OO AN

STa¥lg
TEMPERATURE
(0EG R)

182085
181832
1816413
1614, la
1812,21
1910.27
1808,.24
1806,15
1803,92

STATCR
REACTION

« 2726
w2885
conBQ
«20734
»31557
32282
.33936
033497
«33999

STREAMLINE
SL.OPE
ANGLE
(0EG)

1,241
3327
5,256
Ta087T
8,764
16.421
11.986
13,488
Th,521

ROTOR
REACTION

38493
.::lo;
6y

,351&9
+38586
«2418]
033946
+33856
«313891

STREAML INE
CURVATURE
(PER N}

«Hotbd
» 02397
203998
«055801
(06926
+08254
2095B4
+10830
«12028

BLADE
VELOCITY
IFP5)

1328,0%3
13574618
138440172
1a0%e112
1432,75p
lass.zal
1475,838
1497,513
1517,389

#s STAGE 2 PERFORMANGE ®&

STATaR
PRESSU!E

10114
19006
+09%04
«098¢6
« 09713
09824
09539
0094357
+09377

ROTOR
PRESSURE

117
110551
o700y
«0%006
084 g
0796
207498
007092
20689y

@ »aSS~AVERAGED QUANTITIER »

STATOR BLADE=ROW EFFICIENCY
ROTOR BLADE«ROM EFFICIENCY

STAQE WORK
STAGE TOYAL EFFICIENCY

RELATIVE RELATIVE RELATIVE
RELATIVE MACH ToTaL T0Tal
VELOGITY NUMBER PRESSURE  TEMPERATURE
tFPSY tpsD) {DEG R
1388,977 L8072 140,3369 1969 ,9%
1416345 P02 14149500 1964400
1442440, «To788 143,461 1967428
18674995 «T2018 144,9223 1570404
1493,32) JT3380 145, 3440 194,16
12:5.591 .;;3.? |4; JTATH 1:;1.7&
1548232 [ 149.1423 1981443
1570.023 :17255 150.5339 19858,)6
1598,308 , 78590 151,9257 1988,5
$TaTor ROTQR RoTOR sTa0
Los LOS55 gkabE Ro¥  gLADE ROW !Ssatnoplc !SEuTnuPlc
cﬂEFFIcIEHY COEFFICIENT EFF1eTENSY EFFICIENCY EFFICIENCY EFFICIENCY
»92554 «9238¢ 295214 30533
2925%) « 73290 #5577 .99911
.Ugbg% +73946 . 95829 .9135
+92667 » 4437 +%6007 «915%)
92707 + 748235 196149 .91324
«92733 95377 «J6266 -auo
92764 .95a83 +9837) 9222)
+927%% 195767 196470 192403
92824 . ,Vhpas 76569 Jaasy
192696
LT
75¢253 BTU PER LEN
93387
+85015

STAGE STATIC EFFICIENCY
STAGE BLADE= TO JET=sPEED RATIO

47294

74

RELATIVE
FLAOW
ANGLE
{CEG)

«59,568
«88,556
ELT ALY
a5T2310
66,880
abh 504
w85, 198
05,029
«$5,919



#%8 SPOOL PERFORMANCE SUMMARY (MASS=AVERAGED QUANTITIES) ®#o

- STAGE
STATGR ROTOR STAGE STAGE BLADE= TO
STAGE BLADE=ROW  ELADE=ROW STAGE ToT,L STATIC 'JET=SPEED
NUMggR EFFICIENCY EFFICIENCY WORK EFFIclENCY EFFICIENGY RyT10
(BTU/LBM)
1 «9088% *92539 73e827 «90892 26064 580894
2 920696 *94543 78253 093167 «85818 267290
SPOOL WORk = 148+579 BTU PER LEN
SPOQL PONER = 24530,00 WP
SPOOL_TOTAL= TO }orlL.Pnﬁssun[ RATIO = 33,1203
SPOOL TOTaL= TO STATIC=PREZSURE RAATI0 = 3430191
SPOOL TOTAL FFFICIENCY w» 92574
SPOOL -STATIC EFFICIENCY = «8877)
[ ]

5SPOOL BLADE~ TO JET=sPEED RATIO +4004]

75
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APPENDIX [

COMPUTER_OQUTPUT FOR THE ORIGINAL TIP DIAMETER
LOW-PRESSURE SPOOL

The three alternative versions of the low-pressure spool employ- .
ing the original maximum tip diameter at spool exit are presented in this
appendix. The computer output for the five-stage design begins on the fol-
lowing page; the four- and three-stage versions will be found on pages 93
and 107, respectively. yln all cases, spool inlet distributidﬁs of total
pressure, total temperature, and absolute flow angle were obtained di-

rectly from the computer output for the hp spool.



¥ PROGRAM TDZ = AERODYNAMIG GALCULATIONS FOR THE DESIGN OF aARIAL TURBINES @g

CPTIMIZED FIVE STAGE VERSION OF NASA Lp SPOOL AT ORIGINAL TIP DIAMETER

@ss GENERAL INPUYT DATA

NUMBER OF SPOOLS =
NUHHEH OF SETS OF ANALYSIS VARIADLES =
NUMBER OF STREAMLINEG =

Gag CONSTANT = &
INLET MASS FLOW = 11

1
1
9

3,35000 LHF FT/LEM DEG R |
Te+50000 LAM/SEC

* TABULAR INLET SPECIFICATEIONS »

RACIAL
COORDINATE
{IN}

14.1000
1404040
146805 -
14.95)1
1S.2020
15.4410
15,6697
15,8891
16.1000

. TO1AL
TEMPERATURE
(bEe R

1637,98
1837,98
1837,96
1837,98
1837,98
1837,98
1837,9%
1837,95
1837,9%

. TOTAL
PRESSURE
tPsS])

108,2258
106,7913
109,2293
1n?,.5756
:n9caﬁl;
110,107

1%0.3232
110,516%
110,691

ABSOLUTE
FLOY ANGLE
{DEG}

3213
62276
Sel53
5802
5036
6e260
8.382
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#&e S5poOL INPUT DATA ®se

®¢ UESTQAN REQUIREMENTS #e

ROTATIVE SPEED = ab46e0 RPH
POWER oUTPUT = 20:110,U0 HP

#8 ANALYSTS VARTASLES #s

NUMBER OF STAQES = 5

# POWER=QUTPUT SaLitT +

FRACTIUN OF
STAGE NUWgER  SPQQL POWER OUTPUT

«20000
20000
+£20000
w2ovagn
«20000

LU LT

® SPECIFICLMEAT SPECIFICATION o'

DESIGN STATION NUNBER SPECIFIC MEAT
{BTU/LER DEG R}

«27500
+27500
+27300
«27300
«£7100
«27100
26800
28800
«26500
«26500
»26200

=OOINTUNFWN -

s

* ANNULUS SFECIFICLTION »

78


http:20110.00

STATLON NUMBER AxIaL POSITION
(IN)

T«5000
S,0000
10.5000
12,0000
13,5000
15,0000
16,5000
18,0000
19,5000 -
10 2140008
11 2245000
12 24,0000
13 25,5000

D D O N B LD

¢ BLADE=ROW EXIT CONRITIONS &

STATOR 1
MERIDIONAL
RADLAL vELOCITY
POSITION GRADEENT
(N (PER  SEC)
15.5000 0400

WHIRL VELOCITY AT THE MEAN STREAMLINE =

RQTOR 1
VERIDIONAL
RaplaL yELOCITY
POSITICN GRADIENT
(IN) (PER SEC}
19+5000 =200+00
STATOR @
MERIDIONAL
RADIAL VELOCITY
POSITION GRADEENT
(IN) {PER SEC}
14,0000 000

WHIRL VELOCITY AT THE MEAN STREAMLINE &

RQTOR 2
VERIDIONAL
RADJAL vELOCITY
POSITIGN GRADIENTY
tIN) [PER SEC)

16.0000 »200400

HuB RabDlus

LIy

1440750
1441000
1421400
14:1800
1442200
142600
14,3000
14,3400
143400
1454200
144600
14.5000
1445490

CASING RADIUS
1M}

15,8500
1641000
1646500

« 17,2000 -

17,7500
18,3000
18,8500
19,4000
19,9500
20,5000
2140500
21,6000
22,1500

84900000  FEET FER SEC

slre0000 FEET PER SEC
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STATOR 3
MEAIDIONAL
RADIAL VELGCITY
POSITION GRADIENT
_UIH) (PER  SEC)
1645000 . 0e0p

AHIRL VELGCITY AT THE MEAN STREANLINE o

ROTOR 3
YERIDTONAL
RADIAL VELOCITY
POSITION QRADLENT
1IN} tPER  SEC)
1645000 =200.00
STATOR 4
MERIDIONAL
RADLAL vELOCITY
POSITION ORADIENT
(IN) (PER  SEQ)
170000 9400

wHIRL VELOCITY AT THE SEAN STREAMLINE o

ROTOR &
HERIDIONAL
RADIAL vELNCITY
POSITION GRADIENT
tINY [PER SEC)
1740090 «200.00
STATOR 5
NERIDIONAL
RADEAL yELOCITY
POSITION ORADLENT
tIN) #ER  SEC)
1745000 [ % 1]

®¥HIRL YELOCITY AT THE XEAN STREAMLINE =

ROTOR 5
. MERIBIONAL
. RADIAL vELOCITY
POSITION aRARTFNT

7Tes0000 FEET PER SEC

7410000 FEETY #ER SEC

71420000 FEET PER SEC
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iny PER SEC)
17,5000 -200,00

@ PaSIC INTERNAL L0SS CORRELATION <.

TAMCINLET aNGLE} + TAK(EXIT ANGLE) { 203000000 & 15725800 & (v RATION®® 3,400 [F (¥ AATION oLT, +40000000

U +08500000 *  «15000000 *f1V RATION= 4ep0)} IF (V RATIOl .0f,

STIMESe
+60060000 .* +800000n0 * COS(EXIT ANGLE)

+60000000

Tug PRESSURE-LOSS COEFFICIENT COMPUTED IN THIS MaNNER MAY NOT EXCEED A LIMIT OF 2400000000
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*8% QUTPUT OF SPOOL DESTON ANALYSIS =%e

ve STATOR INLET 1 #%

ABSOLUTE AHSOLUTE AUSCLUTE ABSOLUTE
STREAHLINE liabIal MaSS+FLON  MERIDIONAL AKTal WHERL ABSOLUTE HACKH TOTaL TOTaL FLOv
NUMpER PCSETION FuNcTION VELOEITY YELQQITY YeLOgITY VeLOCITY NUMBgR PRESSURE TEMPERLATURE ANOLE
310 (LHM/SEC) (FPS) {FPS}) {FPS) " (FPS) (PS1} {pEG R) (pEB)
1 1%+ 1000 Da00000 4B, 389 484,035 264999 485,101 L2377 109.2191 1837,98 3,212
2 Leebna¥ 1468729 918,309 S17.838 39,387 519.0803 «25493 108,7843 183798 4,376
3 |4 BHEE 29,3148} 545.93) 543,634 48,948 48412y 26898 1092240 1837,98 52154
4+ jeeTh]a ib. 0015 569,9%) 565,058 564252 572.*6 28122 109,5742 1831,96 5,503
5 Ib.2p22 56, 74929 592,353 585,492 6]1.%903 595,579 29258 109,862) 1837,9% 8,038
6 1904412 T3.43664 6144145 Sob.u1d 66,276 617.71) +3p362 1la.1984 1837 ,98 Gedbyg
7 156698 Bb, 12400 635,969 622,093 69,617 539,758 + 31463 11043248 1837,9% 8,382
a |5+8892 10248]1236 656134 637,962 T2e06y 662,048 . (32578 110.5182 1837,%¢ Gah2)
9 1641000 117,49873 689,778 857,791 73,728 &84,758 | 33717 110,692% 183798 8,392
STREAMLIME
STREAMLINE sTaTie $TaTic SLOPE STREAMLINE
NUNBER PHESSUAE TErFERATURE ANGLE CURVATURE
PS1) (BEG R) foEG) {FER IN)
1 lo*»2392 1820,487 1+24] sQubeh
2 - 1o%.2002 1818, 34 3,328 +02398
3 lo%a1160 181614 54258 *04000
4 103,987+ 1514, 14 Te069 »05503
5 10348,50 16812420 B.T88 26920
6 103:5994 1810,25 100422 «08265
7 10303406 1808, 24 11,987 0950
] 10340388 1806,13 13.488 +10830
9 10246935 1803,91 14,931 »12028

% STATOR EXIT » ROTOR INLET 1 #e

A ABSOLUTE ABSOLUTE ABSOLUTE ABSOLUTE
STREANL INE PADLAL NASS»FLON SERIDIONAL AXIAL WHIAL ABSOLUTE MACH TOTAL TOTaAL FLOW
hUMBER PGSITION FUNCFION VELOCITY VELOpITY VELOCITY YELOCITY RUMpER PRESSURE  TEWPERRTURE 4NGLE
{in) Lar’sec) tFPS) FPS) (FPSY IFPS] (951) (oEG Ay tHED
1 [4e1400 0e00000 So4ebb2 504,482 AB0a302 1014700 «5p536 1070680 1837,9¢ T LIY
2 jhe k78S 14068744 Sohe 662 502,423 875,62, 1000s84g +5p328 107.5635 1837.9¢ Saulge
3 14sBo2t 79437489 So8.662 | _ Sn1.4T7 | REB.3BR  1084.18y «Snnny 107.9441 1837, 9% 83,958



L o-agr e

STREAMLINE
NUNgER

O U R e

STREaMLIRE
NUMBER

PN RN R ) T

STREAMLINE
KUMBER

- 0Nl N

1+1227
124356
1547455
16+0502
31643515
16,6500

STallc
PRESSURE
(PS1y

60,8377
Sia1809
Gi.6943
9z.1787
92.6357
93.0673
30475k
§3.462]
A 2294

RAULAL
PeSITION
tin)

14«1Bgo
L4 eSbab
14¢945]
15.3226
19,6981
15,0726
16,4471
1%.8226
172000

sTATIC
PRESSURE

IPST)

84,9291
84,5301
Ba Y404
B&,550%
Bas5612
BaeET1
Ba 5812
8% 5905

44406233
5B,74578
13.43722
Al 12467
102281211
117,49956

sTaTic
Te¥PERATURE
(DEG R}

1763,19
1763,78
1764 .79
1765,84
1767,12
176,45
1769,73
1771413
1T72,46

MASS=FLOW
FUNGT 108
(LRH/SEC)

V00000
14,58673
2937345
44,0601
58,74692
13,43366
A8,12039

l02.80712

117.4938%

STalIC
TEMPFHATURE
OEG R)

173%,25
1737,30
1735, 7%
1 734,58
1733,86
1732.95
1732,39
!131.98

S04 .562
S04e5662
S0k 662
5p4.662
boa662
504,662

STREAML INE
SLOPE
ANGLE
{DEG)

1,928
4,015
[ TY]
8,813
1l.141
*13431
15,69
17,923
200138

KERIDIGHAL
VELOCITY
(FP%)

457,817
b1 .407
455,066
B, TS5
b2, 516
*36,274
430,032
423,714
#]7.404

STREAALINE
SLOPE
ANGLE
tDE®)

1,524
3,897
6y242
8,568
10882
13,190
15,497
17,811

a96,708
495,152
“9p, 660
485,858
480,171
473,815

STREAMLINE
CURVATURE
{PER [N}

+Q0000
+08000
+00000
«00000
00000
«00000
+00000
00000
«00000

859274
R494 009
8384134
827.030
B15.809
Bg4,488

BLAVE
YeLOCITY
{FP3)

573,292
586,495
600,158
413.133
325,863
&£38,387
450 TAg
662,954
6754057

#3 STAGE EXIT

AKIAL
VELOCITY
{FPS)

467,651
460,340
452,368
443,766
434 559
424 785
414,397
403,463
391,966

STREAML INE
CURVATURE
{PER IN)

. 00000
=4 00000
-~ 00000
=+00000
=+00000
=+00000
-400000
=,00000

WHIRL
VELOCITY
(FP5)

111,875
=11Ta103
=120+453
=122+29%
~122,976
122,729
=-121.58p
=11%.963
=117+289

BLAUE
VELOCITY
tFPS)

574,914
590,507
£05+933
621¢229
6364463
651 ¢64R
684,832
£82,055

9964511
287,666
978,341
968,846
959,285
949,878

RELATIVE
VELOCITY
(FP5)

590,T1p
981,617
571,516
561,488
551,79
542,754
5340567
$52T4303
520,998

ASSOLUTE
. VELOcITY
tFPS}

4814008
78,035
474,738
465,140
459,286
453,208
446,916
4,399
433,647

RELATIVE
VELOCITY
(FPs)

430,983
das, 754
8574159
B68,47y
818,958
888,818
893,153
907,004

49593
+49135
248653
48162
47669
HT1T4

RELATIVE
MACH
HUMBER

L29420

«26203
+2588p

ABSOLUTE
MACH
HNUMBER

+ 24091
»23855
«23600
+23328
223040
L2274
L22428
22103
J21766

RELATIVE
MACH
NUKBER

. #5522

108,2328
10844550
108,6316
106,7763
108,8956
108,9924

RELATIVE
ToTaL
PRg SSURE
{PS1}

95,9769
96,3792
96,1390
T ,0870
97,3734
97,6661
97,9501
98,5787
98,5037

ABSOLUTE
TOTAL

PRESSURE
iPsI}

87,8431
87,7479
87,7283
BT ,6449
a7 5984
87,5292
87,4577
87,3838
B7,3pT+

RELATIVE
ToTAL

PRESSURE
(P31}

94,7265
95,1064
95,4555
95,719
96,0831
98,3725
96, 6498
96,5148

1837.98
1837,9%
1837,95
1837.%6
183T.%6
1837 ,96

RELATIVE
TOTAL
TENPERATURE
(pEG A)

1768,53
1788 .33
1788 42
1788,Ta
1789,23
178984
179055
1791-32
179218

ABSOLUTE
TOTAL
TEMPERATURE
{pES A

1156,18
1753,.88
1151.97
e
I
.§1‘7:37
1747 ,00
1746,16
1745446

RELATIVE
TOTAL
TEMPERATURE
(DEG R}

1789,77
1789,50
1718%9,.51
1139.75
1790418
z;:o:};
1191 ,4p
11922146

83

59.87g
53,749
59,644
59,567
59.520
59,502

RELATIVE
FLOW
ARGLE

|IDEGY

31,323
29,835
28,141
26,269
24,250
224143
19.943
174658
15,279

ABSOLUTE
FLOW
ANGLE
(nEG)

w]3,454
=14.272
=14+910
154407
~15,89]
=16,116
=16,364
«16,546
»16,689

RELATIVE
FLOW
ANGLE
tED)

55,748
«56,9%4
50,087
«59,17g
5221
=6le254
ab2 276
-63.292



STREAMLINE
WUMBER

L-X- T SR NN TR

8445994

STREAHLINE

HUMBER

0 P S N

RAULAL
PCSITION
[§1:41

14s2200
1eaTg74
151769
15.0315%
1640734
165087
10,9269
173416
1T+7500

1131, 70

5TaToR

REACTION

«A7807
«51433
154573
STATT
60302
+63139
+660332
»89915
«T2104

MaSS+FLOM MERIDIONAL

FULCTION
(LHK/SEC)

0s 00000
14,687T48
2¥.31492
44,06230
5H,Te984
73.43730
86,12876

102+81222
11749968

20,130

ROTOR
REACTION

+Tlo8E
«58827
«Bh8Te
+h4653
262778
261065
259518
36137
256915

~,00300

#97,357

*» STAGE 1 PERFORMANCE =&

STATOR
PRESSURE

«06946
« 072385
«0Tda]
+082135
+0HRYS
09459
+10133
s1lgtpB
«11%33

ROTOR
PRESSURr

14166
«13899
0130058
1321}
»}304]
«12817
*1265)
«12572
« 12585

& MASS~AVERAGED QUANTITIES »

STATOR HLADE=ROW EFFICIENCY

ROTOR BLADE=ROW EFFICIENCY

YELOCIFY
{FPS}

“pTe 03]
4pT.63]
407,634
407,631
497631
497,631
407,63)
407463}
ApTaB3%

STAGE WORK

STAGE TUTAL EFFICIENCY
STAGE STATIC EFFTCIENCY
STAGE BLADE= TO JET=SPEEp RATIgQ

4% STATOR EXIT = ROTOR INLET 2 #o

ak1aL
VELOCITY
(FPS)

4T yatd
A06,5%
o0e,952
402,648
99,732
396,249
392,235
387,717

WHIRL
YELOCITY
LFPS)

F16e%3T
B86.T04
A59.509
RI4,39)
8114000
789,057
768,338
T4B 563

15,391 L45947 97,1681 T3793500
STaTokr ROTOR ROTOR STAGE
Qs ghAOE #oW  BLADE ROM [SENTROPIC ISENTROPIC
cOEFFIcIENT cOEFFIcIENT EFFIclemcy EFFICIENCY EFFICIENCY EFFICIENCY
«940n92 88262 «F2097 287493
+93737 +HBaDG « 92304 #B7588
+93395 88989 »92528 «B7677
+«93016 +89362 «92737 2877%0
3259 +89701 32917 «87748
32123 »B999g 3058 «B7738
71631 To1? 33387 +8765p
23112 «99371 +93218 +27508
79580 290443 »93211 81298
W92491
+89574
24,194 BYU PER LBH
87521
+T8113
«50002
ABSULUTE ABSCLUTE ABSOLUTE
ABSOLUTE MACH TOTAL TOTaAL
veiLogrty NUMgER PRESSURE  TEMPERATURE
(FP5} -{PSI}) {DEG R)
10034005 «21073 G6,3046 175620
975,914 49670 8g,39]4 1753.%¢
9514272 »48393 86,4028 1751.99
92B.64p T4 T221 86,4116 175041
307.581 +46]134 ab.togg 1749,09
BB4}129 45121 86,39 1747,97
geat}is ] 86,3616 1747200
552.‘#3 43273 84,3572 1748,18
83K.993 #2422 86,3269 1745, 8%

3Bz 115

729878

8l

84,308

ABSOLUTE
FLONW
ANGLE

(DEG)

64,028
65,367
64,772
64,240
83,762
43,338
62,958
620621
82:329



STREAMLINE
NUMBER

VR~ NS W -

STREANL INE
NUMGER

LOSPNF W0 -

STREAMLINE
NUHZER

D@~ P W e

STATIC
PRESSUHE
tPSI}

Te,41d3
73.5058
hlt2
Taabb]2
7540490
Te 5894
759894
76,3545
76,6874

Rablal
POSITION
t{Ix)

14+2Ep0
157749
15,2833
tb-7873
16.2885
16+ 7887
17.2898
17,7928
183800

STalig
PRESSLRE
(PSI)

67,2489
&7,76p3
87,2720
87,2034
67,2544
67,3048
ET.3]41
72220
6743305

sTatlc
TEMPERATURE
(VEG R)

14b2 6]
1684,23

* 1885,7%

1687, 33
1488,82
1590427
16491,68
1493, 00
1694,33

MpSS=FLOW
FUNCTION
{LER/SEC)

0200000
1468638
29,37277
44,0595
584745%3
73.43192
88,1)830

102, 8g468
11749107

sTaTic
TEWPERATURE
tDEG R

1656,13
1853,3y
1551,.0%
164%,30
1647 ,598
1686 9%
1646 ,29
1645,83
1645 .59

STREAML INE
SLOPE
ANGLE
[DEG)

1,524
4,097
5,572
B,966 _
11.298
13.571
15,797
17,982
20,136

MERTD1OMAL
VELGCITY
(FPS)

415,38)
406,800
w8 328
aBg.%27
381,573
373230
364,688
356,501
348, g4l

SThEAMLINE
SLOPE
ANGLE
{DEG)

1,526
1,85¢
6,241
B562
10,871
13,175
15,482
17.800
204136

STREAMLIKE
CURVATURE
tPER IN)

=4 00000
= G0000
=, 00000
=+00000
=+ 00000
=200000
=+ 00000
~+ 00000
~«00000

BLADE
YgLocITY
tFPS5)

876,535
596,297
615,334
633764
651408
6694 165
6864288
703,097
719653

e STAGE EXIT

AXTAL
VELOLITY
{FP3)

419,234
405,858
395,965
385,58y
374,726
363.e1)
35] (04T
339 ,a35
g, 774

STREAML INE
CURY,TURE
{PER IN)

¢,00000
«00000
+00000
«0npog
200000
«JooUg
«000090
+00000
Q0000

WHIRL
Yetociiy
IFP5)

“114034
«119.009
=121,482
-121:%12
~12ne67p
=118e178
=114+669
=110.,276
=105+05R

8LADE
VgLOCETY
tFPS)

578,157
599,032
8174648
6404078
660,40n
5By, ab2
7004990
721239
741,955

AELATIVE
VELOCITY
tFP5}

530,754
Sg0.499
475,188
454,329
4374800
#24,897
415,808
410,170
407,759

AUSOLUTE
viLOCITY
tFPs}

430483y
423,840
416,439
‘0“-5:
*ghe
33?1199
382448y
373,168
363.558

RELATIVE
VELOCITY
{FPS5}

807,524
625,264
Hay 389
b55,963
869,292
681,75¢9
893,458
9040858
915,734

*8 STAQE 2 PERFORMANCE #¢

RELATIVE
HACH
NUNRER

227026
425473
24173
23102
222245
+21587
21116
208227
20691

ABSOLUTE
MACH
HUMBER

22085
»21746
21380
20786
20566
20125
19665
19189
« 18496

RELATIVE
MaCH
NUMBgR

41398
Jh2as
+#3198
#3969
JHh6T2
45328
+ 45942
48530
27093

RELATIVE
TOTAL

PRESSURE
tPSIT

76,4285
16,1425
77,0514
77,3574
TT.8627
77,9667
78,2770
78,5488
18,9051

AHSOLUTE
TOTaL

PRESSURE
(PSI)

69,4713
59,4145
69 3539
69,g868
69,2197
69,3477
62,0735
68,9974
£8,9197

RELATIVE
TOTAL

PRESSURE
(P51

75,2987
75,7002
T6,0T44
7644199
76,7413
77,0458
T7,.3316
776195
17,8928

RELATIVE
TOTaL
TEMPERATURE
tpEG Ry

1703,21
1702,55
1702,31
1702443
1702484
1703.47
1704,30
1705 ,3)
1706,49

ABSOLUTE
TOTAL
TEMPERATURE
ipke /)

1669,8}
1666,55
1663 83
16h)46g
1659,78
1658429
1657.07
1656 ,09
1655,35

RELATIVE
4}

TOTaL
TENPERATURE
[DEG R)

1704,19
1793,5¢
170321
1703429 -
1703,67
1704,29
1705,13
1706416
iT0T 40

85

RELATIVE
FLOW
ANOLE

(DEG)

39,833
35,526
31,989
26,488
21,70
16,834
1i.80%

6,701

14530

ABSCOLUTE
FLOW
ANGLE
(DEG)

~1%,396
~16,342
«17,056
=17:546
~174859
=18+014
=38408

=17,9%

«17+823

f
RELATIVE
FLOW

ANOLE
(QER)

«S59,0%2
«8g,523
-81,888
=63.160
«66,3Tn
65,539
=86,670
=5T+798
~80,904



86

STATOR ROTOR
R PRESSURE PRESSURE STATOR AOTOR ROTCH STAGE
STREAML TAE sTaTgr HOTOH LOSS L.N5S BLADE Ro¥  BLADE ROW  ISENTROFIC ISENTRQPIC
NUKYER REACTION REACTION  COEFFICIENT COEFFICIENT EFFICIENcY EFFICIENCY EFFICIENCY EFFICIENCY
1 «ATO5T 65726 wilo72 15730 91027 87325 %2228 «85859
2 »48778 60647 v 10972 13989 «91087 +BE654 92872 «85560
E} 49485 «5b4T4 « 10784 1269y I «89701 «23372 2874590
. «50988 »52078 210666 «]11883 291195 +»I0449 «22713 288135
5 +50600 450347 » 19554 +11363 iz + 90935 «939¢5 88608
] «51029 +48188 aloabl «11108 912% 91219 +922974 +86939
T »51383 +46534 +10358 »11038 V91333 + 91338 «93934 «89143
8 151663 +45330 v10264 +1113n 21376 291308 «93793 +89233
9 51872 144528 «10178 s 11368 91819 31148 2193553 #8921
® MASS=AVERAGED QUANTITIES »
STATOR HLADEwROW EFFICIENCY = 91236
ROTOR BLADE=-HOW EFFICIENCY = $90355
STAGE WORK = 244193 BYU PER LBM
STAGE TOTAL EFFICIENCY = +88208
STAGE STATIC EFFIGCIENCY = +79076
STAGE HBLADE= 7O JET=gREED RATIN = 52949
s STATOR gxIT = ROTOR INLET 3 #«
ABSOLUTE ABSOLUTE ABSOLUTE ABSOLUTE
STRE AMLINE RalIal Hap5S=FLOV  MERIDIONAL AXTal WHIRL eﬂsULUTE MACH T0TaL TOT,L FLOW
NUNGEH POSETION FUNgT1ON VELOCITY YELOpETY YELOCITY ELOCITY NUMggR PAESSURE  TEMPER,TURE ANOLE
LNy {LBM/SEC) IFP5) FPS} (FPS) IFPS) PSS [pEG R {DEG)
1 1%+30400 e0n0N0 3644109 363,979 b 763 164208 +509)9 68,2161 1669,.82 68107
2 1es9449 146UTAT 2544104 3634 4] B6T4 881 F410129 9064 68,2688 1666455 67,29
3 155646 29,3749 3944109 k) ,623 B34slén P pe1ed Yyl 88,3007 1663.84 66,582
s 151554 aka06202 3584109 359,510 Bg3, 749 BBz4376 +45958 68,3167 1661,61 &5,99)
s 1607240 59,74989 364,109 356,869 © 7764000 957,178 244626 68,3194 165%9,78 65,303
] 172704 Ta.43736 3644109 353,749 TSihes09 B3aephp «23495 86,3118 1658,29 e..?ag
T 179329 BE.1248) LYY Y L 350,168 T2beb04 812472 2278 68,2957 1657406 64426
8 193367 102.81230 LTS TL 346,215 Tohedgy - 792,853 41225 68,2727 1656409 63,621
9 188559 11749979 3bae309 . 361.853 6834269 TTas223 v4p238 68,2438 1655494 634429
STREAML INE RELATIVE RELATIVE RELATIVE RELATIVE
STREAHL INE sTatic sTalfe SLOPE STREAMLINE BLADE RELATIVE MACH TOTAL TOTAL FLOW
NUMBER PRESSURE TEWRERATURE ANALE CURVATURE  VeLOCITy VELOCITY NUMBER PRESSURE  TEMPERATURE akGLE
tPS1) (DEG R} {DEG) (PER N1 tFPS) {FPS} 113} {oEG Ry toED)
1 57,5607 1599,59 1,528 0,00000 879,779 488,713 25491 50,1052 1617,19 41,640
2 54,2950 1901,24 4,178 =s00000 6064051 448,452 «23279 60,4576 1618,10 38,788
k] 58,9158 1002,79 6,899 -y 00000 631 089 416,920 +21725 60,5028 1615,5%0 29,019
[3 5714557 160423 91t =efinnbn AR% N0 391 12a ?naRb A1 1heS (LALLM L] 53,477



L1 R- ]

STREAHLINE

MuwgeH

DE P F s =

STREaMLINE

hUMBER

w0 0 =k O AR St N

5949250
6063372
6047030
6140300
B1s3240

RaUlal
HCHITION
L]

143400
149854
15,8212
1542007
16,8788
17+502¢
181292
18e T0g9
194000

sTalie
PRESSURE

(FS1)

52,6355
E220476
6246599
5246710
£¢2,06829
52,893}
SEO;GEI
5247300
sa.fiea

STREAMLINE

KUMBER

LTF W PLL TR

1995.60
1607,02
1408, 39
1609,76
1611417

11e443
13,700
15,895
18,037
€0.136

MapSS5=FL0¢ RERIDIONAL

FuUncT 10N
(LAN/SEC)

000030
14.68763
2%,47525
44 ,06278
$8.75050
13.~30%3
88,1576

10251338
117.50101

sTalic
TEuPER, TURE

(DEG K}

1589 86
1565,93
1362,9
1560,64
1558, 99
1557 ,84
1557,11
1956,77
1266 82

5TaToR
REACTION

244123
+45030
+AST55
45300
40098

VeLOEITY
IFPS)

398,536
287,719
317,182
Itn 6%
356,256
345,835
335,382
324,854
14202

STREAMLINE
SLOPE
ANGLE
{pEa)

1,528
3,901
6,239
8,555
10,857
13,156
15,463
17,788
20,136

RaTOR
REACTIGN

«50943
«54311
+ 49275
+45523
+42626

aaetawa

cguas s
H1.4855
61,8280
62,1734
42,5245
62,8812

ABSOLUTE

, TOTaL

FRgSSURE
(PSIY

54,3348
54,2832
54 2p42
Sa ,15%
54,0898
5‘.3180
53,7442
53,8688
53,7921

RELATIVE
TOTaL

PRESSURE
{PST}

59,2005
59,6454
bo.nez?
60,4001
60,7340
61,0529
61.358%
61,654

6119837

ROTOR

abeus
161601}
1616,97
1618410
169,85
1621 .42

ABSCLUTE
TOTaL
TEMPER,TURE
[pEs R)

1582,67
1576,23
1574 65
157 Ag
1569,54
1567, 77
1568,41
1565 ,45
156488

RELATIVE
TATaL
TEMPERLTURE
{pEG Ry

1617,78
16167y
1818,25
1616,27
1636,75
1617,63
1618,88
1680446
1622,39

STAGE

I1SENTROPIC ISENTROPIC

92803
«93553

08118
87804
«808332
+8897g

=« 30000 aT8.490 JTTa 083 +19630
=~ (0000 7004452 367,520 19120
=4 10000 7224205 64,135 +18941
-, 00000 TAd hba 366,207 «19081
=¢00000 7644254 AT3.008 «19388
#s STAQE EXIT 3 %8
ABSOLUTE
AT1al WHIRL AUSOLUTE HACH
VeLOerTY VELOGITY YELOGITY NUHyER
(FPS) {FP5) {FP5)
39,39 114447y #14,649 «2179)
3b6 88 =12]e4]9 4064344 «21381
aTh 94 24,034 397,052 J20912
362,861} 123,467 386,938 +20393
349,88 =120486) 376,399 «19B29
324,758 316,748 Jbs.oao «17258
323,243 =~111e390 353,379 118848
339.327 -18~.919 38,377 +18p15
294,997 97,322 328,935 31358
RELATIVE
STREAML INE BLACE RELATIVE MALM
CURV,TURE  YgLOgITY VELOGIYY RUMGER
(PER IN) {FPS} tFP5)
Do000e 581,401 01,91 142142
00000 #07+568 Ba5,7p8 h3aAT
100000 6334347 Hab, 108 284553
+00000 658,87q b64. 00 +4553%
+H0600 684,25 880,411 JH6a28
+0ogon 709,607 495,800 47257
200600 7354030 104451 oBpag
00000 760 542 Yoa.514 48789
100000 788,553 938,061 «+9503
aa STAGE 3 PERFORMANGE &&
57ATOR HOTOR
PRESSURE PRESSURE STaTar ROTQR
LOSS 65% ALADE RoW  BLADE ROW
COEFFICLENT CUEFFICIENT EFFICIENGY EFFIGIENMCY EFFICIENCY EFFICIENCY
11776 + 14988 290513 08292
o11484 w1208y 190656 +89905
Jdizel $11437 +9079) « %0923
+109T0 077X +9092% 71495
10724 <1049 91071 STee

09802

87

ceLer T
154342
8,038
720
o451
=13.329

ABSOLUTE
FLOW
ANGLE
[DES)

16,4031
=1Teb2s
«16,30%
-38,803
'):nOST
=1rel2l
-;9.315
=18,T36
=18,258

RELATIVE
FLOW
ANGLE
(pEG)

=85,208
824045
b3, 682
=55,132
86,512
«57 828
ot9,099
«70,335
«T],543



$TRE
Al

STREML INE
NUNBER

VDR W

ML INE
MBER

DN -

o0 X~

faDlabl
PEs1TICN

ting

1%e 38
150|508
19,9643
16,0424
17,3988
19,0584
19,7463
1¥03350
19,9500

5TaTic
PRESSURE
tPS11

44 ,828g
4545862
LLIY LI
45,0572
47,0178
aT+8393
47,7532
4b, 0284
4942718

+8693R
aT706]
s4T0Bb
2405958

MaSS=FLOW
FURGTION
(LaM/SEC)

Q«00000
1468748
P?,3Te98
Wk 06244
55.1499;
73,4339
U3 12487

102.81236
11749783

stalye -
TeErPERATURE
tDEG R)

1514,18
151574
1517,09
1514,38
1519,467
152101
1522,41
1523,91
1525.55

61027 »10484 J1046%
+39995 vlo2e6 +1064n
239611 »10010 +11000
239TES 29772 1154

9?1216
+9126a
+91518
L1673

# MaASS=AyERAGED QUANTITIES @

STATOR BLADE-ROW £FFICIENCY
ROTOR BLADE-~ROY EFFICIENCY

STAGE WORK

STAGE TOTAL EFFICIENCY

STAGE 5TaliC EFFICIENCY

STAGE BLADE= TO JET=SPEEN RATia

«91079
91092

24e1%4
«BBRT2
+B80592
5 o55e71

#% STATOR EXIT = ROTAR INLEY 4 #s

MERTIDIONAL ARTAL WHIR|,
Veroerly YeLOITY YELOCITY
tFPS) (FRS) {FPS}
346,5p8 346,385 893,997
3ane508 185552 BaTeTay
38%,5p8 344 056 097,812
346,508 361,999 172,564
a6 509 339 456 Ta],.000
346,508 336 aB2 712,301
46,508 333,116 685,932
3464508 32%.3%1 s614aTs
346,508 325,328 638 6oy

STREAM_INE
SLOPE STREAMLINE BLADE
ANGLE CURVATURE  YgLOCITY
{DEG} {PER IN) [1.29]
1,528 t400000 583,022
A42856 e DOOOD 6164139
6,820 =g OpE00 5AT,255
9,253 400000 616,717
11,579 =4 00n%0 705,002
13.817 =+ 00000 1324159
15,98; T56,428
18,084 183,95y
20413 80084853

ABSOLUTE
VELOCITY
(FPS)

958,79
Fi8,R07
548.993
ba, T22
ulaoﬂls
Tsain
768,485
Tate738
726,553

RELATIVE
VELOCITY
(FPS}

465,585
416.784
381,898
359,510
348,373
daT.07T

354,01
151:312

JBhepTs

8¢ xTAnF EXTT 4 S&

91840
«91723
«71429
909469

BTV PEH LBM

ABSOLUTE
HACH
HUNQER

+51305
248980
L0989
5244
N S 1L
R
«*1l010
239830
,38732

RELATIVE
HACH
NUMBER

24913
22290
+E0418
»19211
«18608

131
293923
*« 33854
«93040

ABSOLUTE
10Tl

PRESSURE
s

53,3040
53.3532
43,3963
53,4105
53,4105
53,3998
£3,3803
5343542
53,3220

RELATIVE

. ToTaL
PRESSURE
PSD

46,7310
«7,106%
47,4673
47,8248
46,1525
48,5431
48,985
a9.2804
49,6600

«39857
89749
«09882
JSA0a%)

ABSOLUTE
16T,L
TEMPER A TURE
(pEG R}
1%82,48
1578424
1574 ,56
1571.89
1569 .54
156776
156641
156% 486
1564,08

RELATIVE
T0Tal
TENPERATURE
(pEG A}

1530.33
1528,448
1527,98
1528401
1528,12
152%.98
1531,7%
1833,97
1536.68

88

ABSOLUTE
FLOVW
ANGLE
{DEG}

68,82
87,828
86,93p
66,123
65,387
64,715
64,097
634520
53,004

RELATIVE
FLOW
AROLE
(DEG}

41,918
33,032
25.017
15,650
6,053
-3:377
-12.278
20,396
=2T.824



STREAML INE
RUMYER

WD R U & =

STREANL INE
MUNRER

L1 BT N RPN L

RaDEAL
PESiTION
tiny

1908309
191980
1349820
14,T16%
‘7.!670
1942162
1!.9&89
12.7207
205000

sTalic
PRESSUKE
P51}

49,5360
40,5486
40,9618
4005735
apeatdiad
4005%4
49,6029
AGeblol
400150

STREAMLINE

AUMggR

M EFURE N

MaSSeFLOW  MERINIONAL

FUNCT 10N
{LHR/SEL)

0+ 20000
14400708
29,3759
&4 ,0629)3
54, 15958
T3.43822
88,125687

102481351
117,50118

sTaTlc
TepPERATURE
(DEG R}

1483 13
1476 08
1‘72 33
llb9.&3
1.&7 T8
1466.56
1485 97
1465,97
1480,57

STaTeR
REACTION

432467
44169
4517
+45895
»A59H9
watighy
wA59H4
wAS1A
45272

VELNCITY

STREANL INE

tFPS)

4014934
ELLINT T
376,233
367,052
351.+15)
338,862
326,117
313,456
300,800

SL0PE
ANGLE
(DEG)

20438

RoTOR

REpcTIO0N

57501
»49737
an4307
w0718
+«36609
«37700
+37738
+JBa0s
239754

AXTAL
VELOCITY
{FPS)

40l.791
388,002
I73,59%
359 504
344, bTo
329,188
314,334
298,492
282,226

STRE AL IKE
CURY,TURE
{PER W)

-q00000
- 00000
-,00000
=e 00000
“+00000
00000
+00000
«00000
«00000

wHIRL
VELOCITY
(FPS}

=t18+254
=1264042
«198,320
a]126,799
=123¢004
=11T.52
~110+58¢
=102e204

«92,308

BLADE
VELGCITY
(FPS)

GAa bay
616,189
&s? 164
577.169
Tol.lﬂo
739.562
149,073
189, BTB
B31+152

ABSOLUTE
VELOCTTY
tFPS)

3B+969
408,878
397,515
385,125
32407y
358,473
A44,4257
329,698
314,458

RELATIVE
VELOCITY
{FPS)

Bo%,To2
Y37 .97s
861 933
982-931

9524315
F20.635
939,161
954,993
9714153

&9 STAGE & PERFORMANCE we

STATQR ROTOR
PRESSURE PHESSURF STa¥or
(+1.11 S5 gL‘ E Row
w2100 « 13663 +90255
e11791 »1136% 9043
alisde +10293 +7062]
11081 «09835 90827
+lo72d »09745 +91ge3
v10277 2096 21208
slons »10308 91503
+09887 «10913 291749
+0930) 31782 »92007

® MASS=AVERAGED QUANTITIES ¢

ABSOLUTE
MACH
NUMBER

+£2623
« 22116
L21529
+20ATT
«20182
+19453
«1B89]
.17895
L 17064

RELATIVE
HACH
NUMRER

3722

185326
ML
oTBA3
248945
+4995%
30920
«51034
«52700

ABSOLUTE
ToTAL

PRESSURE
iP51)

4).9534
41,9029
41,8443
41, 779%
41.71190
41,6408
41,568)p
41,4943
41,4195

RELATIVE
TOTAL

PRESSURE
(PS11

48,0177
“ .627
L] 8559
+75210%
47,5454
4748865
48,1773
48,4704
48,7689

ABSQLUTE
TOTAL
TEMPERATURE
{DEG R)

1494.36
1488,58
188424
1489,8)
1478419
1478,26
1478.9g
1474416
147402

RELATIVE
TOTAL
TEMPERSTURE
(oEG R

151p,54
1529 0a
1528 32
1525038
1529
1530483
1%32,30
\S34.7p
153T,.4%

BLIDE ﬂD' ISENTFUPIC ;s;utnoggc
tOEFFIcIENT cOEFFIclng EFFIcIENeY EFFICIENCY EFFICIENCY EFFICIENeY

9452
#9101}

«93407
«94107
294480
+ 4549
o 94448
294183
«93749
«93125
192283

«8870%
28088
+9%9033
L9837
89999
o:ﬂl;g
a
.33011
9288

89

ABSOLUTE
FLOW
ANGLE

(DEG?

=1d.400
17499
-168,937
'191‘23
=19.62p
19,514
-19,382
=18,%02
»18,111

RELATIVE
FLOW
ANGLE
(pEG)

=6 ,247
62,398
.6‘.253
«85,9)8
s67 468
48,91
«70,336
«?]1+69)
=T3.006



STATOR BLADE~ROW EFFICIENCY » 91371

ROTUR BLADE=RON EFFTCIENCY m  (9laad
STAGE WORK = 244194 :BTU PER LAM

STAGE TOTAL EFFICIENCY = (89343

STAGE STATIC EFFICIENCY » 481145

STAGE BLADE= 10 JET=SPEED RATIO a  .5770]

s& STATOR FXIT = RUTAR INLET 5 s

ULUTE
STREAMLINE Favlal MaSS=FLUN MERIDIONAL aX1al WHIRL ABSOLUTE ‘”ﬁ.tﬁ
MUMgER ¢ PLSITION FungT oM YELNCITY YELOCITY YeLogITY YELOCITY NUMgsR
. LY ILuw/SEC) tFPS) {FPS) (FPS) (FPS)
1 L4.4e0g o 00200 352015 351.8% 9634375 19es.6T3 - LYY
2 1904579 JhoBETaH 352015 351.001 9g3.8ps 969,938 «53532
3 PLIr LI 29.37495 352015 349,419 LTI LY 9p3.R38 «DpYaY
-4 17.25)8 akagb2aa 3524915 7,278 Al1e4?3 BB4,536 48749
] 1%e073¢ 58,7499 352e015 304,664 TThepon 050,289 45831
L] 1hetinle T3,43737 352.019 Ang,hé0 404519 419,928 o851 2%
7 1%.012¢ AN 1 74B5 352,015 ° 338,25¢ 710,18y 792,638 43596
2 2043414 10241232 352,015 334 028 682,374 TaT A2y L42199
9 2140500 1;7,4998¢ 352,015 330,499 856 ,63] TaS,036 0912
STHREAHL INE RELATIVE
STRE AR INE $Talic sTallg SLOPE STHEAML INE BLAUE REL&TIVE MACH
MUMGER PALSSURE  TewRpR, TURE ANGLE CURVLTURE Vgl 0g)TY VELOCITY NUNgeR
P51 tDEG R} tnEG) (PER LN} (FPS) {FPS)
1 34,1492 1415,09 1,928 9,00000 588 268 5]15,874 L2899
2 339543 1si7,18 4,351 000000 ez&-ﬂss *47,533 24722
3 I%et268 1819.93 64962 0+00008 &b, 29T 399,945 +22057
4 3941381 1821485 LT 0+00000 699,45y 694310 «2035%
] 3544612 147370 114730 2,00000 T32.751 3544423 19520
6 39,9174 142558 13,945 0.00000 784,567 352,835 219420
1 ab,2214 127,57 16,076 0400000 1954187 362,128 19917
8 36,4838 1429,76 18,135 000000 024,729 379,706 S20868
A 16.7)25 1832421 204138 0s00000 6534451  *03.302 122148
% gTAGE EXIT 8 S®
ABSOLUTE
STREAHLIKE RADIAL MaSS=FLOW MERIpLONAL AX LAk WHIRL ABSOLUTE MACH
NUNBFR PESITION FUNCTION VELOCITY YELOCETY VELOCITY VELOCTTY NUMBER
[RL) ILBM/SEC) tFPS) {FPS) (FPS) tFPS)
1 1++3900 000000 4204092 419,942 =214511 LFT T «23374

AHSOLUTE
TOTaL

PRESSURE
33§

40,9739
41.050%
*1,0939
41.1137
a1e11%0
*1.1381
s1,0%1
41,0649
41,0320

RELATIVE
TOTaL

PRESSURE
(PSI}

35,0448
35,4173
35,7767
36,1207
36,4039
36,8397
37,2002
37,5672
37,9420

ABSOLUTE
TOTal

PRESSURE
(£ 4]

31,8997

ASOLUTE
TaT,aL,
TEMPERATURE
IpEG R

1894,37
148868
1484,25
148g,8

]ATS.;

1476,24
1874 92
147419
1474 05

RELATIVE
TOTAL
TERPERRTURE
tpEd R)

435,14
1432.9¢
1431.98
1432.13
I‘JS'A’
1424,96
1437 .48
144p,62
L1444, 47

AHSCLUTE
TOTaL
TERPERATURE
{pEG Ry

1408,%n

90

ABSCLUTE
FLOW
AKGLE
(oEG)

69,934
80,776
6T,78)
66.83|
65,796
:5023‘
4,53
03:865
83,283

RELATIVE
FLOW
ANGLE
(DEG)

48,98
38,28¢
25.5;6
17.8%8

6,824
4,026
14,101
-23,050
=30 7T5

ABSOLUTE
FLOW
ANGLE

toEo)

24932



B U LA

- )1%e4153
1693098
1741908
19,0645
1893867
19.d1 29
20,6986
2140000

STREAMLINE sTallg
KUMBER PRESSURE

DDA P WA -

tRSI}

30,7085
Ju.TaT4
3y, la93
u. 7818
30,7540
07562
30.758p
300755
20e 7643

) STREAMLINE

NUMggR

OE U WA

1heb8TH2
27+ 37564
4%, 06345
58,75127
F3a43%09
RH,1269]1
102.81473
117,5p25%

sSTATIC

TEMPERATURE

(DEG R}

13%3,02-
1388 e
1361 ,12
1377 63
127531,
1373.93
1373,4¢
1373, 73
374,95

STaToR
REacTION

(848
+42155
243029
+43540
L3758
L43720
+84I045
2939
207

40w 8237
IHT.929
J75.246
364,683
3Jaba180
33).544
316.78}
301,798

STREAMUINE

SLOPE
ANGLE
toEGT

1,528
3,927
6,27y
A _SBp
10,870
13.156
15,452
17.774
204338

ROTOR
REACTION

«6369T
#5727
+ABIRS
«43702
YL
239821
+39458
o422
42014

Ap3,886 -hbelbn 407238 22688 31.8328 1398, 74
38T.598 564075 393940 «21985 3147680 1392,95
71,046 =60 480 38p.085 21238 11,7016 13088,64
54,212 «O8 4486 465,720 220453 3] 5344 1385,5¢9
337,062 «57638 350.912 +19635 . 315689 1383.31
319,559 =524458 d36. 67 «18785 3144999 1381.99
301.66] =45.115 J39.978 217905 3144335 1301.54
283,314 «35,506 3pa, 84 16994 31,3663 1381,99
RELATIVE RELATIVE RELATIVE
STREAMLINE BLAVE RELATIVE MAGH TOoTaAL TOTAL
CURVATURE  VpLoCITY VELOCTTY NUMGER PRESSURE  TEMPERATURE
[FER 1IN} tFPS) {FPS} (P5I1? (pEG R)
«00000 587,488 Tag, 144 41130 38,4205 1424,78
2000600 G2e.,394 182,0% »43567 3+,8911 1432,76
+00000 661 ,2bs 816,467 45565 35,3920 1431.93
+00000 696 %85 845,298 ~7333 3y 663) 143210
«00000 732,807 311,075 48?15 as Q973 1.33.1g
«00000 ToT.77p 895,.95) .50031 35.3166 1434,99
+00000 Bp3.293 T4 «2126¢9 35,6253 1A37.6a
$ 00000 839,205 939,346 452563 38,9240 Jang,?
s0nn06 815,75, 959,924 «D369 37,2119 1445,19
s STAGE % PERFORMANCE &¢
STATOR ROTOR .
PRESSURE PngSSUng STATOR ROToR ®oYoR STaGE
1055 055 pLADE RaW  BLADE ROW  ISENTROPIg :szn!non;c
COEFFICIENT COEFFICIENT EFFIcIENY EFFICIENCY ©EFFIGIENCY EFFICIENCY
012573 SLLIYS 901N «HT75% «9328) +85a6p
+12065 +12348 190414 «70332 « 742325 +87505
1159 210268 20653 91934 74960 893
11137 +09433 «90910 «S2645 195165 189613
210693 0%209 L1178 «Y2B5} « 95089 Jo3za
10256 +05359 071450 Jetes L4799 ,905Ae
«0982) «0%804 «91737 Haaye 194292 0498
«0938] *10521 «72039 + 71638 193582 98169
208932 «11557 +92356 670 «92502 89499
* HASS-4YERAGED QUANTITIES &
STATOR BLADFe=ROW EFFICIENCY o 91207
ROTOR BLADE-ROW EFFICIENCY ¢ «91697
STAGE WORK = 24,194 BTU PER LBM
STAGE TOTAL EFFICIENCY w 89405
STAGE STATIC EFFICIENCY = +81419
=

STASE BLADE= TQ JET=SPEED RaTIn

+59873

91

=5a2h0
=Bap32
=9,255
-9,69
w9704
-9,324
=B,506
7,142

RELATIVE
FLOW
ANGLE
toEG)

55,429
58,865

=T1e]0%
»Tp, 129



%8 SpOOL PERFORMANCE SUMMARY (MaASS=AYERAGED QUANTITIES) oee

STAGE
StatOR ROTGR STAGE STAGE BLADE= TQ
STagE BLADE=~RQW BLADE=ROW STAGE ToTat STATIC JET=SPEED
NUMBER EFFLCIENCY EFFICIENCY WORK EFFICIENCY EFFICIENCY AATIO
{8TU/LBM)
1 +92459]1 +89574 2441% 8762y + 76112 +50002
2 «91238 90355 24.193 +88204 19074 52949
E] 91079 91092 24,194 LB88T2 L80592 «554TL
4 91071 WT1648 244194 87349 81145 57701
s 91207 « 91697 28,1%s TY Blal1% - 55873
SPODL WORx »  T20.958 BTU PER LB
SPO0L PONER & 20110.12 HP
SPOOL ToTaL= To TOTAL =PRESSURF RATIn = 3480883
SPOOL TOTAL= TO STATIC-PRESSURE RATIO = Jessnle
SPQOL TOTAL EFFICIENCY = «9008S
SPOOL STATIC EFFICIENCY = «80388
SPOOL BLADE~ TO JET=SPEED RATIND = 25988


http:20110.12

#d PROGRAM TD2 = AERODYNAMIC CALCULATIONS FoR THE DESJON OF AKIAL TURBINES 1@

OPTIMLZED FOUR STAGE VERSION OF NASA LP

*2s GENERAL INPUT

HUMBER OF SPOOLS
NUMBER OF SETS OF ANALYSIS VARIABLEg
MUMBER OF STREAMLINES

Gas CONSTANT
INLET HASS FLOW

SPOGL AT ORIGINAL TIP DIAMEYER

NnATA @88
»* 1
= 1
= 9

= 53,35000 LBF FT/LBM DEQ R
= Jl7.50000 LBM/SEC

# TABULAR INLET SPECIFICATIONS e

RAD JAL TOTAL TavAL ABSOLUTE
COCRDINATE  TEMPERATURE  PRESSURL FLOW ANGLE
tIN} (DEg R} (PSIt (DEG)

14,1000 183796 1082258 3.213
14,4048 1837,%6 1n8,79)3 44376
1406865 1B37,96 109,229 5+153
14,9511 1837,98 109.5756 5e892
15+2020 1837,96 169.8619 64036
1544810 1837,96 110,1073 Ge2ho
15,6697 1837,96 110,3232 64382
15,8891 1B37,96 110,516¢ 64421

i6.1000 1837,98 110,69)2 5352

93



#%% Soa0L INPUT DATA %es

#¢ DESION REQUIREMENTS se

ROTATIVE SPEED = 464640 RPM
PawER QUTPUT = 2011090 HP

48 ANALYSIS VARIAALES %

HUMBER OF STAGEs = &

# POwgR=pUTPUT SPLIT #

FRACTION OF
STAGE NUNBER  SPooL POXER ouTpuT

26200
«25500
+24500
«23%00

e

@ SPECIFIc-MEAT SPEcIFICATION »

DESIGN STATION NUMBER SPECIFIC HEAT
- (BTU/LEH DEG R}

7500
«£75090
«£7200
27200
426900
26900
«€6600
R6600
+26200

VOA PN S W

* ANNULUS SPECIFTCATION ¢

STATION NUMARER AXIaL POSITION HyB pADIUE
. (1N (1N}

CASING RADIYS™
(Ii}

9k



1 79000 1448750
2 940000 1441400
3 1047000 1441500
b 12,4090 1442000
5 14,1000 142500
L] 15,8000 1423000
7 1745000 1423500
] 19,2009 14.4000
9 20,9000 1424500
19 2246000 14,5000
IR 24,3000 1445500
* HLADE«ROW EXIT CoNDITIUNS &
STATOR )

WERIDIONAL

RADIAL VELDCITY

POSITION GRADIENT

(R IPER  SEC)

155000 0400

WriaL VELOCITY AT THE MEAN STREAMLINE =

Ral1oR 1
MERIDIONAL
HADIAL VELOCITY
POSITION GRADIENT
(INY {PER SEC)
15.5000 =200,09¢
STATOR &
MERIGIONAL
RADIAL VELOCITY
POSITION GRADIENT
tiny {PER SEC)
140000 0400

WHIRAL YELOCITY AT THE MEAN STREANLINE w

AOTOR 2
. NERIDIONAL
RADIAL vELOCITY
POSITION GRADIENT
(1IN (PER  SEC)
1800000 “200000
STATOR 3

wERTATONAT

15.8500
16,1060
16,7875
17,4750
ie,1625
18,8500
19,5375
20,2250
20,9125
21,5000
22,2875

10310000 FEET PER SECG

92440000 FEET PER SEC

95


http:10I0*.b0

96

RADIAL VELOCITY
POSITION GRADIENT
(1N (PFER  SEC)
16.5000 0200

wrIRL VELOCITY AT THE HEAN STREAM_ INE = B827+000¢ FEET PER SEC

ROTOR 2
vERIDIONAL
RADIAL VELOCITY
POSITION GRADIENT
tiny (PER SEC)
165000 =20000
STATOR &
FERIDIOMNAL
RADIAL VELOCITY
POSITION GRADIENT
{IN) (PER SEC)
17«0000 004

Whig), VELOCITY AT THE MEAN STREAMLINE & B62s0000 FEET PER SEC

ROTOR &

WERIDIONAL

RADIAL vELOCITY

POSIT10N AQRADIENT

-1IN} tPER  SEC)

1740000 “200.00

+ BASIC INTERNAL LOSS CORRELATION #
Tah{INLET ANGLE} + TAN{EXIT ANGLE} [ 403000000 ¢ 15725500 « (v RATIOI®* 3,601 IF {V RATIO} oL7s .60000000
¥ 2 amaw - *TIHES®

«00000000 *  +B0900000 * COS(EALY ANGLE) U «g5500000 ¢ 15000000 A({V RATIO)= «500)} IF [V RATIO} GEs +80000000

THE PRESSURE~LOSS COEFFICIENT COMPUTED IN THIS ManNER MAY NOT EXCEED A LINIT OF 2400000000



STRE AML INE
NUNGER

RaDIal
PCSITI0M
1INy

141000

4enqbl
;«:5898
14¢955)
15,2060
174448
1346725
1508577
191000

WD E N e

STREAML INE
HUKBER

slaTic
PRESSURE
(PST)

los=2986
lo%e2513
Tg4al51L
1p2+9586
1pde 7945
103.52392
193.2326
10248744
10244639

O @ =0 A e

STREAMLINE
hUnggR

RADIAL
Pe5ITiON
[P L}

1421500
1445050
1%.8500

LA

HpSS=FLON
FUNCTION
[LAN/SEC)

0-00200
4,66870s
%9‘47~51
Gh 6180
54, Ta%11
73,43642
48, 12374
102+81100
11 7.49829

sTaTic

TEMPERATURE

{NEG R}

1621413
1818,55
186,28
1014,17
1812,09
1809,97
1807.76
1805,41
18p2,90

MpSS=FLOW
FungTION
(LBN/SEC}

0:00009

14,68737
29,37474

*30 guUTPYT OF SPOOL DESTGN AMALYSIS eka

MERIDIONAL
VeLOCITY
{FPS)

480,667
915,534
Shé 243
569,630
593,577
:17.209
%)

seh.587
695,800

STHEAMLINE
SLOPE
AMELE

tOEG)

14320
2.562
54630
Te569
Feh02 -
11,147
12,812
144406
15,936

KERIDIONAL
VELOCITY
(FR5)

903,997

503.997
593,997

*&¢ STATOR INLET 1 «*

aXlat
VELOptTY
LFPs)

48p,539
514,538
S&p,.n1H
564,667
588 602
605,566
625,188
644,658
564,252

STREAMLINE
CURYATURE
(PER IN)

Y TLLY
«0rH80
24754
06511}
«paLT72
209752
11261
12708
34092

WHIRL
YeLOcliTy
(FPS!

26479
39%.219
ansiﬁ
564215
61,969
66,473
0%,¥83
T2+589
r‘nqsl

AUSOLUTE
VerLogrTy
(FPS)

4314413
517,023
LR
bT2,397
598,803
629,779
A T8
869,533
b?;.&o;

@% STATOR EXIT = ROTOR INLET 1 os

AXTAL
VELOGITY
(FP5)

Sp3, 779
5024476
500,152

WHIRL
YELOCITY
(FPS)

1090114
10774008
10624511

ABS0LUTE
VELOCITY
(FPS}

1200+984
11894097
1175,98s

ABSOLUTE
MACH
HUMgeR

23592
+25355
L2684
cas!ﬂ‘
29219
30515
131721
«32953
34221

ARSOLUTE
HACH
NUMBER

«60327
+5%696
+5%000

ABSOLUTE
ToTal

PRESSURE
123 8]

108.3:31
108, T874
1092267
109,578
109, 8682
110,1118
1103272
11005195
110469289

ABSALUTE
TaTal

PRESSURE
P51}

106 ,4009

1069429
107,3528

ABSOLUTE
TOTaL
TEMPER,TURE
{DEG R}

1R37,96
1837,98
1837,98
1837.9
1837 98
1837 .98
183798
1837.9%
183798

ABSOLUTE
TOTal
TEMPERATURE
IhEs M)

1837,%

18379
16837.9%

97

ABSOLUTE
FLOW
ANGLE
(DEG)

1,213
4,382
5.16

s.ea

B,041
6,263
8,383
Ged2)
de3%2

ABSOLUTE
FLOYW
ANGLE

{DEQ)

65,197

844988
84,792



o~ rch e

STREANLINE
NUMpER

R R W

ATREAML INE
NUK@gR

WD P U W

ATREAMLINE
NUMBER

0 = UN D L O e

19,1485
15+5162
1248401
15.]592
104747
16,7875

stalic
PALSSURE
(PSTY,

8»,0927
Ba,%590
BS,689]
Hbekgl2
87,0812
877124
8843057
LLFCITY
943924

ReDlal
PES1TION
LIN)

1%+2000
14,6159
15,0299
15+4218
15.8442
192499
19.6561
17s06a0
17150

STATIC
PRESSURE
(PSI)

7649463
76,9911
77,0353
Tie0785
T7.120%
TTe1607
T7:1993
112342

a%,06212
68, 74549
73,.43686
e8,12423
102481161
11749098

STATIC
TewRPERATURE
{DEG R)

1733,21
1735,.28
1737.,53
1739.%0
1742,32
1744,75
1747,18
1749 6]
115200

HpSS=FLOH
FungTIoN
(LBM/SEC)

0+0p000
14,68773
29,37547
44,00320
58,7507+
T3+43857
88,12641
102.81414
11757188

5TaTic
1ENPERATURE
(NEG R}

1708,07
1705,87
1704,11
1702.71
1701.%2
1700.,77
1700414
19971

503,997
503,997
£D3.997
503.297
503,997
503,997

STHE AMIL TNE
SLOPE
ANGLE
3113

1,685
4,022
7.082
94677

12.218

14,715

17,175

19,608

22.019

MEHIDIONAL
VELOGITY
(FPS)

aba, 716
57,768
450,909
444,089
437,313
#30455]
423,78]
416,982
419132

STREAMLINE
SLOPE
ANGLE
1DEG}

1.685
4,213
6,432
9,369
14,413
16,935
194447

496 k26
492,58]
AB7 4067
481,521
474,771
a6T 235

STREAML INE
CURVLATURE
IPER 1N}

« 00000
+00000
QD000
00000
«0GO00
+$0000
+ 20000
+00000
«00000

10874024
1031+000
lol4.633
99T+%92
981,125
64,119

. BLADE
VELOCITY
IFPS)

573,897
588,09
602079
6154726
629,089
642,219
6554160
667,957
680532

*8 gTAGE EXIT

AXIsL
VeLOgITY
{FPS)

464 515
456,495
4a7 699
438,166
42l .98
417,001
405,405
293,144
289,217

STREAHL INE
CURV,TURE
(PER IN)

0.00000
+00000
+00008
+0g0d0
«00000
00000
+00099
00N

WHIRL
YELOcITy
tFPS)

—240.436
=24ke 069
wp4d a5
=247 g
=240, 464
nad4e57p
-241,738
=237,954
=233s12p

BLADE
VELOCITY
(FP5}

575,725
592,627
809,333
825,702
642,388
458,828
675,306
LY AN T Y

11624021
1147,595
11324913
1118¢034
11034005
10B7,959

RELATIVE
VELOCITY
{FPS}

721,595
T02.175
682,659
563355
644628
LEL T
Q09546
593,372
578,283

-
-
]

ABSOLUTE
YELOCITY
{FPS)

523.23;
519,051
514,935
508304
591,985
495,165
487 887
48ge10¢0
4714756

RELATIVE
veLogr Ty
{FP5}

439,191
954,262
967,435
V794641
9902806
1000759
1010228
1019.019

358259
+5T496
+56771
+55937
95147
+54357

RELATIVE
WACH
NUMGER

+3bzad
»35251
4249
«33258
« 32257
«31375
»30498
29667
28893

ABSOLUTE
MACH
KUMBeR

«2bap?
« 26233
L259%3
+25714
«254p2
«25064
+28699
«24308
. 23887

RELATIVE
HACH
HUMgER

#5144
+51595

107,.¢632
107.89%88
100.0744
108,1993
108,2803
108,3275

HELATIVE
TOoTaL

PRESSURE
123 ¢

9).6971
92,1688
92,5825
7249523
93,2907
93,6062
93,9044
94,1897
Fa, 4574

ABSOLUTE
ToTaL

PRESSURE
(PSI}

Hgebp21
85,5945
89,5740
80,5423
86,5012
80,4822
6p,396¢
Bg.3325
80,2610

RELATIYE
ToTaL

PRESSURE
{PSI}

89,1848
89,6772
9n,1226
98,507
9n.9122
91,2696
9146067
91.9229

1837,9%
1837,9¢
1B37.9%
182790
1837.,9¢
1837,98

RELATIVE
TOTAL
TEMPERATURE
IpEs /)

1771,02
1771,08
177,37
1171.86
1772.5p
1773,27
177447
1775,18
1776,29

ABSOLUTE
TOTAL
Te#PERATURE
(pEe )

1728417
725,65
1721,51
172148
1720.;2
1718, 77
1717 ,82
1716.45
1Ti5.87

RELATIVE
TOTAL
TEMPERATURE
tpEG R)

1772 ,84

17189y

98

84,615
LITLLx]
64,339
[ TTY-L %]
Gh, |TT
Gagla5

RELATIVE
FLOW
ANGLE
{pEB)

aS T
b, 215
42,632
40762
19,232
37,279
35.450
I3.410
31.252

ABSALUTE
FLOW
ANGLE
{pEG)

~2T4360
=26,1%9
~28 869
wpPabag
2%, %4
~3043%2
~30,807
~31,185
=31.513

RELATIVE
FLOW
ANGLE
tDEG:

=80,354
=6],401
62,394
53,353
6,292
«85,223
=66,151
=LT.nAN



STAEANLINE
NUMpgR

D0 L e

Treet12 599,53 22,019 0006 FofS06  303T.088 VE3506  93.2150 i7178.94
«% STAGE 1 PERFORMANCE e
STATOR ROTOR
PRESSURE PRESSYRE STaVoR ROTQR RaToR STAGE
STREAML INE STaTQR ROTOR 1,055 LOSS gLADE Row BLAOE RO¥ ISENTROPIC JSENTROPIC
AUMggst ReacTION REACFION  cOEFFICIEMT COEFFICIENT EFFICYENeY EFFICIENCY gFFIcIENCY EFFICIENCY
1 w4085 2 THBAZ 0877 «22422 -93507 2B81pa8 +8880% +83%0p
2 434680 « 72583 «0R336 «21526 29232973 2836829 + 89267 «0835%6
3 Ty 270548 08640 20869 » 33001 84602 «B9T2S 84798
4 449259 67714 «09005 19864 92779 «852337 «90160 285182
5 «52005 62074 +DI852 19127 192431 JBE01Y 95063 185493
] 54795 62619 elood? w18483 »92004 «H6646 «90%32 <5718
7 57683 260237 10696 «1787¢ 91472 «B87213 71260 +8585q
] 60701 258230 v11547 w1T402 9084 «B87499 «91535 285679
¥ «63863 «56304 212506 017200 290134 +88g62 91728 +B8579
. © MaSS=AVERAGED QUANTITIES e
STATOR BLADE=ROW EFFICIENCY = »92213
ROTQR BLADE=ro¥ EFFICIENCY 2 «B85862
STAGE WORK = 32.056 BTW PER LM
STAGE TUTAL EFFICIENCY = 85212
STAGE STATIC EFFICIENCY = ¢T5354
STAGE HLADE= TO JET-SPEED RATlo w *43533
@9 STATOR ERIT = ROTQR INLET 2 ##
ABSOLUTE ABSOLUTE ABSOLUTE
RapIaL MpSS=FLOM  NMERIQIONaL AllaL HHIAL euSOLurE HACH TOT,L TOTaL
LETRELIN FUNgTTON YELOCITY VeLOgITY VELOCITY ELOCITY HUMggR PRESSURE  TEMPER,TURE
LINY {LBN/SEC) tFes) (FRS} (FPSY tFPS) {PST) [DEG R)
142509 o.000G00 404481 404,308 LosBedns 1123.72s +58003 18,4397 1728,18
147983 1468734 404+48] 403,215 10124828 10904608 2562345 78,5807 172558
153279 29,37464 LITYYL Y] 801,237 LETTLETY 1060+605 +54665 18,6523 172351
15.8243 44,06202 404,401 ave,aT3 5] .274 1033.645 - 53728 78,7197 1721.8%
163175 58,74936 S04, 48] 394,999 9244000 19084653 251908 78,7674 1TR0412
1647934 73,4367y 408,481 390,878 896,605 985,442 150680 78,7987 1T18,77
172583 88,12403 404 448] 66, 14y ata.129 834720 49534 78,8156 171762
175141 102481137 404,448) 38p,034 8524113 Y43.p4p + 48453 18,8293 1716465
1841835 117.4987} 404e48] 374,578 830453 F23.793 oATa2? 18,8131 171588

99

AL ]
=88.012

ABSOLUTE
FLOW
ANOLE
(DEG)

68,911
68,292
67,Tal
6T.27)
86,854
s:.A:z
bby

0!031*
%701



STREAMI. INE
NUMBEH

OE UL -

STREAMLINE
HUMyER-

0 @R NP LR -

STREAMLINE
WUNBER

MO~ NP N e

STATIC
PREISURHE
iPsSI)

#3.0270
€3,9331
64 . T243
Eb.e232
46, D4t
BhebobT
6741140
6745760
87,9949

Ravial
PebITron
(1)

1443060
|4eME )T
15 4586
15,0215
36.534$
170147
1767105
12ty
18,8509

STaTIg
PRESSURE
(PSI)

56,2751
5643209
£6,3751
5044219
SGeabST
Ehe504]
56,5433
5645771
5646076

STaTig
TEHPERATURE
{DEG R}

1635 47
1634 ,33
1640,89
1643, 24
1645, 42
1647 47
1649,43
1651.33
1653,22

Ma5S«FLON
FUNGT 108
(LBM/SECH

r Ge0p000
14468774
29,37544
&4 06371
58.75099%
1a+43869
Gfa) 2643

102+91416
117,.5¢1%

5Talic
TEMPERATURE
[DEG W)

1431 ,03
1597 ,28
1494,23
159188
1590, 06
158B,72
1587,78
1%87,20
1586,%

STREAMLINE
SLOPE
ANGLE
1pEG)

F:1
%534
7261
9,888
12,420
14,993
179
19,688
22,019

MERIpIONAL
VELOCITY
[FPS1

4224984
A134209
*03,Taq
398 292
38s49p2
3754532
b6 143
3564496
347,150

STREAMLINE
SLOPE
ANGLE
(HEG)

1,685
4,208
4,845
9,378
11.89¢
144409
186,926
194459
22,09

STREAMLINE
CURVATURE
[PER 1N)

=e00000
=30000¢
=-«00000
=, 00000
«o00000
=+00000
~«0000¢
=,00000
«+00000

BLADE
VELOCITY
{FP5)

877,752
599,983
62] 4256
&a],T42
661,577
680.872
899,719
7184199
736,380

** STAGE EXIT

ax1aL
VELOcITY
IFP5)

422,801
#1243
4g0, 063
38% gz2
aT6,636
3&3.150
350,291
336,320
321,829

STREAMLINE
CURY A TURE
{PER IN)

L0040
0000
«00000
+00000
+0g0000
+00000
00000
0000
+00000

WHIRL
VeELDCITY
[5.03]

247417
-250.973
-251,749
-p49 594
~2454078
=238+99%
*33)0468
~222+959
w213,87

BLADE
VeLoclTy
LFPS)

sT9,779
503,382
626,59
649,576
6724817
6954211
T18,052
741038
Toha254

RELATIVE
YELOCITY
IFPS)

625,579
577,967
541,09
509,297
©B2,152
#59,36]
40719
4264072
%15 ,295

ABSOLUTE
VELOCITY
tFPS}

489,908
483,524
«75,798
456,65]
°56a304
445487
433,17y
420.545
647,533

RELATIVE
VELOCITY
(FPS)

928,853
749,051
966,689
981,421
998960
19084780
1017,667
1027868
10374525

#& STAGE 2 PERFORMINGE #¢

RELATTVE
KACH
NUMBER

«32033
L2907
27883
L2h226
24012
23624
022652
«21687
_ e21321

ASS0LUTE
MACH
NUHBER

«25510
25207
J24328
,26369

RELATIVE
MACH
HNUMBeR

48367

M:1YIT)

RELATIVE
TOTaL

PRESSURE
tPST}

67 4624
67 ,B154
601542
68 4835
68,8067
69,1267
59,4458
69,7660
10.08%0

ABSOLUTE
TOTAL

PRESSURE
1RSI}

58,7728
58,7659
S8 ,7432
55'7033
58,6503
58,5865
58,5148
SB.4357
58,3530

RELATIVE
TOTAL

PRESSURE
(PS1)

65,4388
66,1596
66,6307
67,0477
AT,4188
57,7510
68,0708
68,3652
68,8429

RELAYIVE
TOTAL
TEMPERATURE
(pEc M)

1663 .74
1662,88
1662,39
1662 28
1642 48
16062498
1663,69
1664464
1665 ,88

ABSQLUTE
TOTaL
TEHPERATURE
(pE6 M)

1618,85
1614.6]
1611 ,04
1608 3
1605.52
1603:43
16017y
1600.33
159929

RELATIVE
TITaL
TEMPERATURE
{pEG A}

1645,08
i664,15
1863,61
1863 ,43
16623,58
1663,98
1664 ,67
1668.63
1686408

100

RELATIVE
{DEG)

49,336
A5 675
41,852
37,815
33,599
2%.120
24.36%
19.37)
14,055

ABSOLUTE
FLOX
ANGLE
(pEG?

=3p4311
*31e340
=32,130
w32 684
33,052
=322%9
=334457
=23+542
33,556

RELATIVE
FLOW
AKGLE
(DEG}

62,920
wbh 247
=65 489
=66 ,604
=67.682
-6B.728
=69,75]1
=700 76T
=T1+. M0



STREAMLINE
NUNMBER

OO~ UN SN e

STAEAMLINE
NUMBER

L e

STREAHLINE

NUMBER

G E T

RaDfak,
PC5LTION
[ ()]

1443504
1541040
15,9147
100907
17+1386
17.7636
18+3696
19+9605
1925378

STaTIC
PRLSSURE
PSI)

40,8146
47 HABG
48,3820
489320

STATQR
REACTIOR

48582
+AT593
ABA5T
49176
+A97568
150248
+504625
,5089%
81067

Ma55=FLOW
FUNETION
[LHM/SEC)

pe00d0Y
14068739
29,37419
Ake06218
58.74958
T3.43697
BB, 12435
102«81176
1374995

sTaTig

TEMPEHATURE

[DEG R)

1538,19
1540,148
1541,67
1543,35

ROTOR

REACTION

MERIOIONAL

66811
«60899
55974
51873
148459
«454627
«43307
o 1452
ehgp2l

STATOR
PRESSUKRE

elape?
«13%00
+13795
13706
» 13829
013563
«13508
13889
v13329

ROTOR
FRESSURE

21102
W1B41g
+16387
215077
o14268
«13804
13614
13049
[RELLY]

® MASS=AVERAGED GUANTITIES o

STATOR BLAPE«ROW EFFJCIENCY @

ROTOR BLADE-~ROow EFFICIENCY

VeELOCITY

LFPS)

366.593
3664593
366,593
3664593
3664593
366,593
366.593
366,593
366593

STAGE wORK

STAGE TOYAL EFFICIENCY
STAGE STATIC EFFICIENCY
STAGE BLAUEe 10 JET=gPEED RATIO

a8 STATOR EXIT - ROTQR INLET 3 sa

aXlaL
VELOeITY
(FPS}

366,435
3654391
263,518
360.939
357,743
353,993
49,74
345,018
339,854

STREAML INE

SLOPE
ANGLE
tDEG)

1,685

104076

STREAML INE
CURVATURE

(PER M)

«¢00000
=¢00000
=y 00000

HHIHL
VELOCITY
tFPS}

976,354
93154
289z,996
BSAe3T4
RETel0n
T98.2p9
TT1512
T464+53]
T2e+956

BLADE
VELDCITY
{FPSy

581,806
812,377
541,189

STATOR ROTOR ROTOR 5TAGE
LO55 BLADE RoWw  BLADE ROW ISENTROPIC SENTROPIC
COEFFICIENT cﬂeFFchrNT EFFxclsucY EFFICIENCY EFFICIENCY EFFICIENCY
+B9248 «B4204 +89876 +82235
«B92ay ¢B604S 90697 2823626
+B9248 +87515 v91525 +84789
+ 852088 «BB580 92121 85790
+B9242 189293 2504 186379
#85235 89748 2726 +86880
85228 «90000 32812 »87229
89222 «J0019 LJI2TT? 87448
+B9223 90003 292639 147539
89238
+88545
30,847 BTy PER L8K
»35860
7121
7072
ABSOLUTE ABSOLUTE ABSOLUTE
A350LUTE MACH TOTaL TOTaL
VELOGTTY NUMBER PRESSURE  TEMPLRATURE
tFPS) (1238 {pES R}
1042.90R LT 57,2231 1618,85
1901 +359 +53162 57,3426 1514483
945,315 51220 57,4273 1611,05
933:319 <9502 ST.4842 108,83
044619 47954 57,5187 1605452
78,357 46542 57,5355 1603043
8544179 «45240 57,5380 16017)
831,485 14428 57,5287 150034
810+5% 142890 57.50%2 159930
_ RELATIVE RELATIVE RELATIVE
AELATIVE MACH TOTAL TOTAL
VELOGCITY NUMBER PRESSUVRE  TEMPERATURE
tFPS) P51 (DEG A}
538,571 28612 49,4394 159,863
486,259 125915 49 8145 557,74
Aha,Tas +23599 S0,1742 1556 ,.58
+12.902 +21893 Sp.5248 1356,0n0

00000

6684597

101

ABSOLUTE
FLOW
ANSLE
{pEGE

59,428
68,889
47,859
6Ta194
6,808
68,083
654514
65,195
a4a822

RELATIVE
FLOW
AROLE
{DEQ)

4T,116

34,710
27.738



DD~

STREAMLIKE
hUMBER

DE-TPUF LN e

STREAMLIKE
NUKBER

ol @ R e

4700399
AV dhz?
50.2725
50,0184
S0.9876

ReDIaL
PCHITION
tIn)

1%+4000
19+ 148d
12,8430
10,607
173264
17s043d
1%+ 70635
1923892
20,2250

STaTic
PRESSURE
P51

40,7380
407938
4p,945]
409923
419345
439720
41,0052
4100343
410595

STReAML INE

AUMRER

W8y e

1oud, 77
1546,15
1547,55
1544 99
1550452

HaSS=FLOH
Fuvcipon
{LHR/SEC)

0400000
14064745
29,3751
44 06296
SBeT5gb]
73443827
HH,125%2

102.8135T7
1750122

5TaTie
TEMPERATURE
bE6 R1

1493,63
1488 46
1484 49
1601451
1479.31
147778
1476,78
1876433
1476 ,42

STATOR
REACTION

46975
48287
49289
+4999%
+504&2

12.816
15. 068
17.44)
19,758
224018

HEHInIONAL
YELOCITY
{FPS)

419,400
406,921
394 584
582,616
Ito.6z?
358,819
Jab.6T6
I3458]
32z, 07

STREAML INE
SLOPE
ANGLE
tnEG)

1,485
4,298
6,862
9,39
11306
1aea0s
15,N17
1945
22+019

ROTOR
REACTION

2579688
+50303
45117
41199
= 18330

=+00000
=s00000
00000
« 00000
« 00000

ARTAL
YELOGLITY
{FPS)

419,219
05,776
391,857
377 a82
362,655
347,39%
331.674
315,487
298 sg7

STREAMLINE
CURY A TURE
(PER 1IN}

200000
00000
+ 00000
+000900
+0g900
«00000
200000
+00000
=+00000

STATOR
PRESSURE

14863
o 14676
14477
«14288

£98 867 489,679 « 20657 2048708 1556404
Ten+L08% 3744800 19860 51.215% 1556458
Taae 775 367.567 +19408 51.5631 1557458
168,712 167,264 1942 51,9146 1559,00
7924128 373-062 +19T40 52,2723 156p,85
&e STABE EXI¥ g
ABSOLUTE AUSOLUTE ABSOLUTE
WHIRL AYSOLUTE HaACHM FoTal TOTAL
YELOCITY VELOCITY NUMpER PRESSURE TEMFERATURE
(FPS) (FP3) {PSI (DEG R)
=2614223 494,099 +26586 42,7121 151198
=262465R 864.329 +26105 42,6988 1506,07
=259, 344 472,266 L25489 42,6621 1501,23
-252,731 458,544 J2uTTa 42,6090 1497 3¢
n2444199 4473, R44 +23997 42,5454 194,10
=a340334 428,436 23176 4244745 1891.54
~223s404 *12.424 22317 43,3982 1489,55
=211e471 495,809 21422 42,2173 1488,09
=198 ,4387 378,528 +20486 42,2325 148717
RELATIVE RELATIVE RELATIVE
BLADE RELATIVE HMACH TOTAL TOTAL
VELOCITY veLociTy NUMBER PRESSURE TEMPERATURE
{FP5) {FPS) {PSI) {(pEGs R}
583,833 Ya43,407 50762 48,2775 1560,45
814,19 56,669 <2104 48,775] 15%58,8]
A43,959 985, 164 53204 49, 2019 1557 44
8734332 10010989 54134 49,5750 1556.89
ToZ+482 10164646 54967 49,9158 556,9]
731569 1030,348 «557a7 5042347 557247
760,746 1043,425 56463 50,5377 1556 ,52
7904188 1056¢043 «57154 5048276 1560406
A20«002 1088.27g «5T81 5141053 1562410
#s STAQE 3 PERFORMANCE #e
ROTOR
PRESSURE STATOR ROTOR ROTOR STAGE
LOSS L0SS BLADE RoM BLADE ROM ISENTROPIC ISEWTROPIC
GOEFFICIENT COEFFICIENT EFFICLENCY EFFICIENCY EFFICIENCSY EFFLCIENCY
s 16874 188552 +8T7560 91424 +BAOSA
018024 PLLELE] +89226 292307 85541
212717 «86627 +90255 92936 85601
212042 «08704 «FoR26 93217 87342
+11TR> +AARTS “F1t1 223y ABIAAL

«1ann?

102

20.272
124427

«11:505

ABSOLUTE
FILOY
ANGLE
1DEG)

=31.928
=32.715
=33,4%8
=33,803
=33,954
=34.002
=33.76]
-33.834
«33,594

RELATIVE
FLOW
ANGLE
{DES)

«63,6]15
«65, 167
w66, 549
«67.823
=69,039
=70.219
71,375
=T2:517
w73:649
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5 50672 +3637H 13737 176§ +8894R “9iife 193240 88199
7 50712 «35227 «13850 11981 «89102 «91057 «93033 aB882369
L] 250877 34777 13187 12404 69274 90759 92672 4835
9 30276 34922 vl2628 »1303% LT 02082 92151 8182
@ MASS=AVERAGED QUANTYITIES »
STATOR BLADE~RoW EFFICIENCY = +08882
ROTOR HLADE=ROW EFFICTIENCY o LTI
STABE wlRx e 29,537 BTU RER LBM
STAGE TOTAL eFFICIENCY ® «87295
STAGE STATIC EFFJCIENCY = «78358
STAGE BLADE= TO JET=SPEEp RATIGQ @ +Sa4S
9% STATOR ERIT = ROTOR INLET & #s
ABSOLUTE AHSOLUTE AHSOLUTE ABSOLUTE
STREAMLINE Fallal HaSS=FLOW  NERIpICNAL afraL WHIKL aBSOLUTE MACH Talar TOTaL FLOW
NUMgeR PCSITION FUNCTION VELOGITY VELOprTY VELOCITY VELOGTTY NUMyER PHESSURE  TEMPERLTURg ANGLE
[IN} fLuM/SECH tePS) [FP5] tFPS) 1343 tPSI} (pFa RY (pEG)
1 1544509 000000 A7n.215 370,055 10574047 1121.89) 61966 4].3009 '1511.95 70.739
F] 19+42326 14468738 3Tge215 268,529 9974349 [ULELLIYY «SE6A5 4y0a3d 1506095 59.180
3 1003397 29437475 ATpez1s 366,937 945753 10;5.532 «55972 4145375 150723 68,795
4 1fe1092 4%4062]3 3Tge)5 364,248 Fote2E Y7432 453653 4145957 149739 87,994
5 179938 54, 74?51 3IfNe2ls 380,964 a62+000 93841238 o5le25 al.6286 149,186 67.278
[ 14,7622 T31,435688 aTn,21% A57 .37 B26,798 905,897 49817 4] ,6425 1491.55 86,636
7 195015 A8, 12426 370215 A52,%26 7944753 876,751 «hB1A2 LITLLYL 1489,56 L6beQ55
] atts2)5d 102.81162 atn.215 3ab, 087 785.233 850,083 45684 4146291 1488, 65,529
9 £0.912% 117,499t a7p,21% 383,211 137,734 825,417 45295 4y ,6065 1487,19 65,053
STREAML INE RELATIVE RELATIVE RELATIVE RELATIVE
STHREAML INE STaTic STATIC SLOPE STREAMLINE BLADE RELATIVE MACH TOTAL TOTAL FLOW
NUMggR PRESSLAE TEMPERLTURE ANGLE GURVATURE YeLOCITY YELOCITY NUHgER PRESSURE TEFPER,TURE ANGLE
. P51 [pEt RI fDEGT {PER IN) (FPS) (EPS) PSI) (pEs R) 1,111
1 32.1%20 1857,45 7 3,685 «e 60000 585,86y 500,803 +313185 34,6035 144455 51,973
2 EEMLER] 1+21,08 &, 776 =, 00000 425,498 524,579 L28937 3s 9885 144],74 45,210
3 33,8216 1423,79 7,631 =, 00000 662,475 466,161 L2569D 35,3502 1adp 10 37,668
4 ED Py 1826,02 10,304 -, 00000 696,923 422 855 2£3286 35 6992 1439 45 29,29
k 349280 1428403 12.825 « 000600 T29+543 3934198 21637 36,0425 1439,63 20.151
[ 353553 1429,93 154253 =+00000 1604699 3Thepte «2068% 3643048 144055 102424
1 a5.7228 1431,85 i7.57% =,00000 T0.670 JT0.228 20247 a4,Ta%4 442,14 k]
8 36,0428 1433,8¢ 19,839 -4 00000 R19,67) 374,1% 220550 37,0788 144437 8 80
9 36,3233 1436,04 22,09 -, 20000 B4T 878 386,251 +£1196 37,4389 LA4T 24 =17,792

4% STAGE EXIT & ®s



STAEAMLINE
NuwgeR

WD =P e

STREAMLINE
NUNRER

C-X- NSt RoN TR

Rabial
PGSITIOA
CINY

1%45000
19+4]19
15,3163
1741982
1Mo g7 ?
159425
178175
V701
2145000

STaTIC
PRESSURE
P51}

29,5387
2545864
27558
295661
2745757
29,5642
2¥,5%18
29,5978
29+8024

STREAMLINE

AUMYER

L1 N- AR RN

MASS=FLOW
FUNCTICN
{LBM/SEC)

000000
1668796
29,3759]
44206380
5He75162
1343977
BU, 12772

102.8158T
117,53363

STATIC
TexPERATURE
iDES R}

1395,19
1387,27
1381419
1376,.43
§1373.02
1371,21
1369 46
1369 3¢
136%,05

STATQHR
REACTION

LLT.IY]
45526
+46500
anpes
247311
471294
47040
40561
+45859

KERKIDICNaL
YeLocITY
(FP%)

#35.580
204256
405,309
390e6)0
KELTY 13 E
3614531
3464955
332.228
317,247

STREAML INE
SLOPE
ANGLE
10EG?

1,685
4,318
3.886
o
11-913
14,009
16,914
19,445
22.01%

RoTow
REACTION

sTabb1
51927
»S2H55
Y1178
42076
239321
37899
+37858

T «380%8

ABSOLUTE ABSOLUTE ABSOLUTE
EaXIal WHIRL AHSDLUTE MACH TOTAL TOTAL
VELOpTY VELOCITY VELOCETY NUMRER PRESSURE TEMPERATURE
(FPS5) {FP5) tFPS) . L1538 (DES R)
435,392 =B8,735 444528 «246082 30.7760 1410425
419,063 =119+330 A344457 24194 A0.T349 1401466
402,38% «121,78% 423,230 +23618 Jo,66081 1394 .99
38h,452 124982 41p+]118 22925 3p.b322 1389,45
367,955 - =122.T8K 395,589 22138 3g45694 1385,35
359,158 =117:437 48p+120 «212%0 3g.5027 132,22
331.0e7 =10%.727 362,893 «20391 3pe#33° 1379,95
31342680 =100403y Jaba96y 17048 3043628 1378.52
294,106 «80,349 329,31% 18455 30,2910 13rt,92
RELATIVE RELATIVE RELATIVE
STREAMLINE BLADE RELATIVE MaCH T0Tak TOTaL
CURYATURE  VEpLOCITY VELOCITY NUMBER PRESSURE  TEMPERATURE
tPER [H) {FP5) (FP5} [$23 4 {pEG R)
+00000 87,888 8ge, 704 4681 33,7359 §444,55
«00000 aas-gﬁs :31'39‘ -4;163 34.;518 1441.97
00000 661527 959 " 34.7gb2 T
ooguoo 69;0232 915.336 .50§A5 35.0356 1&33.60
+30400 732700 TS 52297 354392 439498
»00000 1ﬁs.ua: ¥56,403 53567 35,7582 l1adg 93
+00000 803,479 976,895 JSATHL 36,0612 1442 ,69
+00000 839,304 996,357 J95682 36,3518 1445 01
»00000 875.75y 10144955 56578 36,6309 1448,17
#8 STAGE & PERFORMANCE &
STATOR ROTOR
PRESSURE PRESSURE 5TaToR ROTOR ROYOR STage
LOSS LOSS gLADE RoM  BLADE ROM ISENTROPIC ISENTROPIC
COEFFICIENT COEFFICTENT EFFJCTENCY EFFICIENCY EFFICIENCY EFFICIENCY
15415 21115 +BB54S +84870 191465 »B2439
+14988 16055 «BB&AR +87997 292795 «84699
114564 12907 88798 20175 293778 JHB468
a14126 011459 +88989 271289 94303 287695
«13603 - 110863 «59205 S91921 LF4459 06481
«12237 10787 89443 72055 «94380 88984
«l2785 «11003 +896%5 «%1888 »94093 2919
+12226 «11537 «899T2 +71453 «935%7 89163
+131056 +12367 «90268 290751 92067 +86864

# HASS=AVERAGED QUANTITIES »

10k

ABSQLUTE
FLOW
ANGLE
(OEG)

11519
=14:750
-16,839
«17.97p
=18,454
=18,538
=j8e292
~1TaTOB
«36,720

RELATIVE
FLOW
ANGLE

{CEG)

87,240
-500:27
“&2e
'ﬁi 15;5
=bba72
=66 423
70,004
71,556
=T3e03%
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STATOS BLADE-ROW EFFICIENCY 89270

ROTOR SLADE=ROW EFFICIENCY «90586

STAGE WORK @ 284428 BTU PER LAEM
STAGE TOTAL EFFICIENCY w 7537
STAGE STATIC EFFICIENCY w 79984
STAGE BLADE~ T0 JETSPEED RATL) « (1113 1)



%% 5po0L PERFORMANCE SUMMARY (HASS~AYERAGED QUANTITIES) ews

STator ROTOR
STAGE HLADE=RON  BLADE~ROM STAGE
NUMBER EFFICIENCY EFFICIENCY wORK

1pTU/LBM}
1 22213 85662 32.058
2 89228 oHE%AS 304647
3 +86AR2 »Fon)? 274637
. «89270 +ps86 28.42R
SPOoL WORK

P00 POWER

SPOOL TOTaLe TO TOTAL-PRESSUSE RATlo
SPOOL TOTAL= TO STATIC~PHEgSURE RATIN
SPOOL TOTAL EFFTCIENCY

SPOOL _STATIC EFFICIENCY

+  SPOOL BLADE* TO JET=SPEED RATIO

STAGE STAGE
ToTaL STATIC
EFFICIENCY EFFLICIENCY

* 85272 «75358
«85868 W17121
87295 + 78358
«B87537 « 79984

» 120988 BTV PER LEM

e 2011012 WP

» Ja59112

- 3, 71057

- 188912

= 84158

- «25718

STAGE
BLADE= TQ
JET=SPEED

RaTIO

243533
w7072
»50665
o546356

106
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#2 PROGRAM TD2 = AERQDYNAMIC CALCULATIONS FOR THE DESIGN OF ARIAL TURRIMES #e

OPTIMIZED THREE STABE VERSION GF NASA Le SPOOL AT ORISTNAL TIP DIAMETER

#se GEAERAL INPUT NATA S#9

HUMRER OF SPOOLS = 1
KUMBER OF SETS OF ANALYSIS VAPTABLES 1
NUMBER OF <TREAMLINES = L}

Gas CONSTANT o  53,35000 LBF FT/LBV DEQ R
INLET MASS FLOW = 117.50000 LBM/SEC

& TARULAR TWLET SPECIFICATIONS »

RADIAL TOTAL TOTAL ABSOLUTE
COOKDINKATE  TEMPERATURE  PRESSLRL FLO* ANGLE
{IN) (nEg R} tpsSI {hEG)
1441000 1837,96 108,225 3é213
14.4048 3831,96 1p8,7913 4376
Tae6685 1837,96 109.2294 G153
16,9511 1837,.96 109,575t 5582
15,2020 1837,98 109,8619 64038
15,4410 1837,96 11¢,1073 6,260
15,6697 1837 .98 114,383¢ 5,382
15,8891 1837,98 110,516¢ 6,421

16,1000 1437,98 110,691 6,392
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#88 SpoOL INPUT DaATA %ec

*8 DESION PEQUIREMFNTS »»

ROTATIVE sPEED = 464810 APM
PO%ER QuTPIT =  20110.00 HR

a8 ANALYSTS VARTAHLES ee

RUMBER QF STAgES = J

# POyER=QUTPUT SPLIT =

FRACTIUN OF
STAGE NU¥GER  SPOOL POWER QuTepyt

+33333
+33333
+33333

W e

9 SPECIFIC=HEAT SPEcIFICAlION €

DESION STATION NUMBER SPECIFIC HEAT
{BTU/LEM OFG R

27500
27500
«27100
«£7100
26700
26700
+£6200

HEWE LN e

@ ANMULUS SPECIFICATION ©

STATION NyMBER AXIAL POSITION HuB mADIUS CASING RADIUS
1M ({01 ($1%]
1 7.500¢ 1400750 15,0500
2 9,0000 14e)000 16,1000
a 11.000n 14 16AT 17 ale7



13,4282
15,0000
17,0000
19,0000
Ry 0000
#3,9008

- &ty

# BLADE=ROW EXIT CONDITIONS o

SHATeR |
FERINTONSL
RAOKAL VELOGITY
POSETION GRADTENT
[ $1,3] tPER  SEC)
- 15.0000 L-23 )

enlaL VELORETY AT THE wfhn STAEAWL INE =

HOTOR
NERInIONAL
RADIAL BELOCITY
POSITION GRADIENT
2L H {PER  SECH
iS+0000 “Z00e 0l
$TATOR 2
WERIDIONAL
RADLAL VELGCITY
POSITION QRADIENT
tin} ¢pER SEC)
1600000 000

¥HIRy YELOCITY AT THE MEAN STREAMLINE »

ROTOR 2
wERINIONAL
RaDIaL YELOCETY
POSIYION SHADIENT
[$LH tPER  SELY
1640060 “30000
57018R 3
HERINIONAL
HADLAL vitoc1Ty
POSETION ARADIENT
i tFER  SEC)

1140008 det0

The2d3a
143000
14,3067
14,4338
14,5000
14.508T

1703334
13,8500
19,7687
20,6834
21,8000
22,5167

12000000 FEET MEp SEC

16Y0e 0000 FEET PER SEC

109
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WHMIRL VELOCITY AT THE WEAN STafAMINE = 115040000 FEET PER SEC

ROTOR 3
HERINTONAL
RADIAL VELOCITY
POSITION GRADIENT
(84,1 (PER  SECY
11+0000 =200400 -~
® BASIC INTERNAL |OSS CORRELATION ®
TAMLINLEY ANGLE) + TAN{ENIT ANGLE} ( «03000000 » ,15725500 & {y RATION#® 3,60) IF (V RaTIO! +LTs 80000000
*TINESe M
260000000 *  +800p0000 ¥ COSC(EALT ANOLE) 1 +pS500000 * +15000p00 *9{Y RATION= +appl} IF IV RATIO)N O0f« 58000000

THE PRESIURAE=LOSS COEFFICIENT COMPUTED IN THIS MANNER MAY NOT EXCEED A LIMIT OF  2.0000000¢



STREAML INE
htMBeR

DD e W

STREAML INE
hUNBER

WD g N LN

STAEAML INE
nUMBER

PR R

RADIAL
PCSITION
1

14«1000
14e4093
f4etSad
149598
15+2108
315,449
15,0759
15,4928
161000

sTailc
PRESSURE
(R81)

So%ed750
1043107
104+1942
loe,0087
lod. 7608
103,4508
10340771
102.63%9
1021375

Rablal
PRSITION
M

18441667
145540
14,9285

PaSS=FLON
FUNGTION
{LHM/SECY

000900
J4+6811S
2937435
abhapb1S8T
58, T4481
73,43600
nh,12332

102,81959
117.45787

sTaTIg
TEXPERATURE
(DEG H}

1821 .46
1818,81
1816.44
1814,19
1811,93
1809,57
180706
108,37
1801 ,47

MASS=FLOM
FUNCTION
(LBR/SEC)

, 0400000
1468716
29,37433

MERIDIONA
VELOCITY
IFPS)

475,863
511974
5424179
569,399
5954516
621,879
648,448
676,118
7044840

STREAMLIN
SLOPE
ANGLE

tDgg)

14433
3.095
Sel60
8,278
10,276
12,112
13,978
15,703
17,354

NERENIONA!
VELOCITY
{FP5)

4924137
4924137
492,137

88 QUTHUT OF SPOOL DESIGN ANALYSIS eed

#e STATGR INLET | @*

t ARTAL
VELOCETY
tFps}

475,714
5104792
539,048
583,458
585,964
£07,703
829 246
650 182
472,754

E
STREAYLINE
CURVATURE
(PER IN}

01111
03554
05802
207%03
+09BB6
211767
+13559
+15271
216909

WHIRL
VeLOGITY
(FPS)

r2be52n
39004
48,4692
58174
62068
66,Tay
70,438
T3,2%
T5e402

AHSOLUTE
VELOCITY
{FPS)

16,601
9134458
ELTTEL ]
STa.154
998,74l
625,251
452,262
68p,079
ToBo862

% STATOR EXIT = ROTGR INLET 1 e

t AXTaL
VELOQITY
{FRrS2

491,863
A90, 266
AB7,369

WHIRL
VELOCITY
(FP5)

1287.5082

1265499
1244 ,0R4

AUSOLUTE
vELOG)TY
{FPS)

13T8,429

1358282
1237,887

ASO0LLTE
HACH
NUMBER

+23354
«253178
26711
«28992
29416
JoTI0
32088
t33ed2
34927

ABSOLUTE
MACH
NUMBER

59916
168813
67700

ABSOLUTE
ToTaL

PRESSURE
tPS1)

108,2190
109.7936
1092340
109,5845
RILILIIL
119,116)
11,3303
t1p,5211
110.6928

ABSOLUTE
ToTAL

PHESSURE
tPSI)

105.4T9)
106,0645
106,5194

ABSOLUTE
TOTAL
TEMPERLTURE
(DEG R}

1837,98
1837,9
T 3837.9
237,49
837,98
1837,98
18379
183798
837,98

ABSOLUTE
TOTAL
TEFPERATURE
{QEG A1)

1837.98
1837458
183794

111

ABSCLUTE
FLOW
ANGLE

{DEG}

3,213

ABSOLUTE
FLOW
ANGLE
(DEG)

69,093
68,82}
s8.407



D=

STREAMLINE
NUMBER

DDA d L

STAEAML INE
nUNBER

LR N R R NN

STREAML INE
KUKBER

O~ P N

122928
156482
15.9970
1643404
1646795
17s0167

STATIC
PRESSURE
PSIT

77,1218
78,2917
74,3493
PQe3Eb4
gleadpd
A2s1568
82¢9654
B3el245
a4, 4388

rablaL
PCSITION
1N

142334
1427041
15,1644
192.628%
{n,0870
1heSaa?
1100037
17e465%
11-933a

STATlC
PRESSURE
{PSI}

£3,3173
63,4374
68,5529
&Heb635
sdeTHI0
6HeBE%4
6Y ,9650
89,0558

a%.0614Y
54,T4465
73,43562
#4,172298
108+8101%
117.49731

sTATIC
TEVPERATURE
(DEG A}

1699,97
1703,98
1707 .97
171192
1715.4¢
1719.58
1723429
1726498
1130,82

452,137
#92,137
92,137
492,137
92,137
#92.137

STHEAMLINE
SLOPE
ANOLE
(pEG)

1.9%10
4,997
7,982
10.884
13.718
164497
19,225
21940
24,626

MaASS5=FLON MEHTIDIONAL

FuncTION
{LA"/SECY

0=00200
14 ,4HHED
29,37700
A4, 08850
58,7599
Tkt 749
AH.13099
10281949
11754799

STATiC
TEWPERATURE
{DEG #)

1672,93
1870,18
16068 32
1666,.87
1865,37
1664+36
1063, 61
1663,1%

VELOCITY
IFPS)

452,632
nih,T8E
437,046
229,374
421,739
sléelil
Aabedb]
398.157
29g.966

STREA#LINE
51,0PE
ANGLE
{DEG)

1,909
4,798
7,650
100476
13,288
164098
18,916
21,753

483,285
475,099
471,877
ags B54
456,493
447,381

STREAMLINE
CURVATURE
{RPER [N)

o0,00000
0,00000
0,00000
0400000
Q«00000
G+00000
ge00000
0400000
0,94000

1222018
1200,000
1176.,08n
1156,178
11342117
1111718

ALAOE
VELOCITY
{FP5}

574,37s
590,078
605,243
A20e024
63644
§4By5B1
4524504
475270
689,925

#3 STAQE EXIT

AXTAL
VELOCITY
{FPS)

452,381
“43,pa9
433,157
422,217
410,448
397,87
304,511
3700363
35S.414

STREANL INE
CURVATURE
(PER IN)

~ 00002
»y 04002
», 00002
~s00002
«e00Q02
»y00002
=, 00002
=-,00002

WHIRL
VELOCITY
tFPSY

372424
-1%4,151
«193,697
=391 (459
=387 ,82R8
=3634056
3774267
~37pe349
=38)29Ty

BLADE
VeLocITy
tFpsy

5TT,079
595,161
£14,9%
633,089
6524232
sT0 T84
489,397
To8,13N

1317394
1296 .,996
1276,743
1256 ,56]
1236.273
1215714

RELATIVE
VELOGETY
(FPS}

Hps 624
538,098
bok, e0n
7774558
Ta9, 794
7224888
6974972
4724177
648,154

ABSOLUTE
YELOCITY
{FPS}

599.p69
994,299
S8B,223
981 ,.03%
872,952
S64s1l0
5542564
EITYY 381
9324800

RELATIVE
VELOCITY
(FPS)

14569,959
1085,812
1999,30)
1111408
1122313
113228
1141 ,482
1189 844

N-131 1)
L6581
JHeane
53302
+62215
W51117

RELATIVE
HACH
NUMHER

443951
42358
L0806
+39301
«37850
+36456
«351106
+33826

+32583

ABSOLUTE
HACH
NUMZER

»30555
»30323%

« 27256

RELATIVE
MACH
NUAggR

54572
+55413
56187
+56793
37372
57900
56383
. JSems

106,8624
107,11A8
107,3045
1074273
107,4892
107,4912

RELATIVE
TOTAL

PRESSURE
iPSI)

87,5341
85,0760
88,5452
88,9569
84,3321
89,6747
89,9927
90,2901
%9,5700

AUSOLUTE
TOTAL

PRESSURE
13 ¢]

T2.8870
72,1506
72,7889
72,8051
72,8031
72,7856
72.758)
1247977
T2.6437

RELATIVE

TOTaL
PHESSURE
. P51}

82,9831
83,6198
84,1979
8427255
#5s2120
85,6665
86,0911
#e.4832

1637,98
1837,9¢
1837,96
1837,98
1837.96
1827,9¢

RELATIVE
TOTAL
TEMPERATURE
(gEG R)

1754,5¢
1754, T4
175520
1755.83
1756,63
J757.53
1758.58
175%9.78
1781,13

AB5QLUTE
TO0Tal
TEMPERATURE
{pEG R}

1699,.38
1696,41
16%3,8)
169,55
1689 56
1607,8)
1686427
1684490
1683.97

RELATIVE
TOTAL
TEMPERA TURE
(pEG A

1757,29
1757,23
175737
1757.T¢
1738,20
1758,84
179983
1760.59

112

68,422
48,277
68,172
68,105
68,075
484079

RELATIVE
FLOW
ANGLE
{DEG)

55,408
54,045
82,659
8514242
49,79
48.29)
46734
45,085
43,314

ABSOLUTE
FLOW
ANGLE
(OEG)

k.94
~41,84¢
82,268
-42,835
-43,377
-434913
=444 455
44999
=a5.524

RELATIVE
FLOMW
ANOLE
{0EG)

64,9608
6% 688
88,780
T o815
Al 404
“69,314
70,177
71,047



STREAMLINE
hUMge R

E- R T X E T T

&%elals

STREAML INE

MUMBER

- Y- N1 N,

Haplal
PESITION
[#1.}]

ILEE IP1i]]
1ee¥862
1505709
Joe 1667
16,7342
172830
17,8164
143281
1H«B50¢

1663405 24,623 -a00002 TRT0% 11574112 59192 8,832+ 163472
a8 STAGE 1 PERFORNANCE &»
STATOR RQTOR N
PHESSURE PRESSURE STatoR ROTOR rRoTOR STAGE
sTaTgr RoTOR LOSS LOSS ALADE Ro¥  BLADE ROW 1SENTRUPIC [SENTROPIC
REACTION RE&ACTION COSFF!CIENT COEFFICIENT EFFIrIENcY EFFICIENCY EFFICIENCY EFFICTENRCY
v3I4578 «Ap9RT 09673 «33118 «92654 ATTRY +BaaBl «7927%
237402 «TT018 «Q9792 31399 «92572 « 78806 +85257 +8a129
40668 «73356 «09988 29824 - 92405 279923 «5001 80929
14 343] «69962 «lozlo 28407 92173 «39969 +B6TQ2 81622
ohb ] Gh +56800 v 104456 +«2T11R +91R6s 81942 «87354 »B2228
ABIT2 »63843 $11179 «25%62 49146 L2848 L7959 «82728
«51909 51067 118062 «24922 4190944 +83505 «88516 B312]
«55010 »5B458 elaTeh 24024 +902%2 84431 «B%g0p8 203382
*58395 569015 *13876 2339 «A9483 85035 o870l H34Ty
@ MASS=AVERAGED QUANTITIES
STATGR BLADE-ROW EFFICIENCY = «71600
ROTOR BLADE-RoW EFFICIENCY = »81T42
STARE WORK = 40,322 BTy PER LN
STAGE foTaL EFFICIENCY n +81952
STAGE SYaTIC €FFICIENCY = « 72539
STAGE BLADE~ TO JET-SPEED RATIN ¢ »38834
a¢ STaTOR £XIT =« AOTOR INLET 2 »»
ABSOLUTE AHSOLUTE ABSOLUTE
MaSS=FLON MERIQIONAL aX1at WHIRL AHSOLUTE MACH ToTal TOTaL
FUACTION VELOCITY VELOgITY VeLOCITY VELOCITY NUHRgR PRESSURE  TEMPERLTURE
[La4/SEE) (FPS) ({133 tFP5) tFPS) iP5} {pEe RY
0+0p000 397,484 397,288 1251022 13124465 + 698 69,2520 1699,238
1468664 39T«aBs 395,858 1203557 1267495 +66564 69,5287 1696440
2937329 397484 393.383 1361+722 1£27+840 264385 69.Tab? 16%3.02
44,05993 357,484 389,877 1124,178 1192,38p 2162440 69,9185 169158
58, 744657 397,484 38% ,57% 1090000 1180,213 LO0692 79.0536 1629 .58
73.03321 397,484 89,519 1058,51a 1530,680 59087 70 1595 1687,81
A6,11985 397,404 3TA T80 1029,.168 1tp3,278 «57602 7022377 1886,29
102480859 397,404 388,765 1001612 107TT.59% +5621% 7042939 1683,00
11749214 39T+484 361.340 GTSed2y 1053299 «54095 Toed28é 1603.99

113

=Ti.92¢

ABSOLUTE
FLOW
ANGLE
{pEG)

724383
T107%
710295
70,873
T9.51%
70,227
69,991
59,008
a9.47y
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STREAHL INE RELATIVE RELATIVE RELATIVE AELATIVE
STREAHL INE slaTlc sTalic SLOPE STREAHL INE BLADE ALLATEIVE MaCH ToTaL T0TaL FLOW
NUMBER PHESSLHE  TEmPERATURE ANGLE CURVATURE  VgLOGITY VELOCITY HUMBER PRESSURE  TEMPERATURE ANOLE
P51 tVEG ™) IDEG} {PER 1IN} [FPS5) (FPSY (3 ] (9EG R} {DEG)
1 50,9449 1572,%0 1,909 +00002 579,779 80,103 *1041 56,9369 1417,25 59,382
2 52,2362 1578,¢1 5,185 M ITLE] 506,384 nr,362 JI7673 57,3772 1615,% 56,460
3 £3+3011 1582,72 8,278 +0op02 LEITE S B62.660 34748 67,7839 1615,08 53430
A Easdg32 1986,78 11.228 00902 855.467 b14.564 «32185 581669 1614487 504246
L) E9e k)9 159037 lhagt] «00002 6784073 B724145 29930 5B¢533% 1614049 #6.865
L ES5.9gle 1593480 16.800 +00002 Too0sl2) 934:7%9 227948 58,889¢ 1614.88 43237
7 ShebH92 1596,58 194464 «00002 T22e354 502s135 »26218 59,2376 161517 39.208
§ 5fe2062 1599,43 220868 +00002 7424490 4724937 24722 59,5624 1615498 35,019
k) 57.769) 1602,23 24,523 +00002 764,254 “50,094 L2458 59,9263 1617,18 30,302
*¢ STAGE ExIT 2 %
. ABSOLUTE AHSQLUTE AHSOLYUTE ABSQLUTE
STREAML INE RaDIaL MASS=FLOW MEMIDICNAL AXTaL WHEIRL ABSOLUTE HACH TOT AL TOTAL FLOW
NUNBER PCS1T10M FunNcTI0N VELOCITY VELOeITY VELOCITY vELogiTY NUMBER PRESSURE TENPERATURE ANGLE
tIn) {LRM/SEC) (FPS) {FPS} {FP5) (FPS) iPSI} (pEG R {pEG}
1 1403667 0s00Q00 435414 435,172 4 (56265 5954514 «316640 46,3720 155848 43032
2 150629 1468845 423.811 4p2,.301 =410.58} 590.075 032428 46,4668 1582445 54019
3 1o Ta48 29,3769 412,466 408,720 =4]1,018 282,278 31060 4h 5291 154714 =45,16]
4 1h,e109 «4 06937 401,244 394 a8y -407,153 371 ,63R L0529 46 5534 1542 58 «45 906
5 17,0833 59,75382 390,137 379,614 «399,2%¢ 958,247 «29A4] 46 5412 1538 69 -hb 447
& 17,7478 T3,40226 379,062 364 135 =388 569 Sa2 839 27036 46,5012 153542 =46 B59
7 14,4140 88,13071 367,958 “aa8 el 375,819 525,959 28148 A6 4400 1532,67 ~47,197
8 1990857 102481916 ASATES - 321,342 =361 4459 5g7.ATy «27186 46,3662 1830442 47,489
¢ 1¥eT687 11Ts50769 IaGeals 314.001 =345.04] 488,65) +26160 46,274} 1520469 =~4ToTa6
STREAMLTHE RELATIVE RELATIVE RELATIVE RELATIVE
STRE ML INE 5TalTrc STafle 5.0PE STREAML INE ALADE RELATIVE MACH ToTaL TOTAL FLOW
AUpHEH PHESSURE TewPERSTURE ANGLE CURVETURE  VeLOCITY VELOCITY NUMBEgR* PRESSURE  TEMPERATURE ANGLE
PSID (pEQ R} {DEG} {PER IN) [$2:203] (FPS) tpPs1) {pEg &) (pEG}
1 43,3731 1531,9¢ 1710 0400000 562,483 1080,374 +5T437 53,022¢ 161%,26 =66, 245
2 43,5039 1526,41 4,838 0400000 s10.ToR 1105,734 »598892 54,5684 1617,8¢ «67,935
3 43,4286 1521,78 1,707 000000 438,358 1127,518 D044 55,2840 1616687 =-68,720
[ 4d,Tet0 1518,12 10,534 0,00000 865,607 145,342 +51168 55,8296 161624 =-69,8]a
5 43,8550 1515,238 13,337 0,00000 692,626 1159, %22 L81981 56,3239 1615,98 =70,830
& 4309553 1513.38 16.)32 0+00000 T19+567 1UT1e1Ts +B28A5 564 TABD 1615.98 wT)4009
7 4ua 0868 1511.98 184935 000000 Tabe579 11813172 63209 STel208 1616434 =T2.172
a 4ne}29g 151113 21«760 e 00000 T73.81p 1199.007 «63T00 STe4525 161705 =73.72°
9 A% 2039 1510,83 24024 0,06000 BD1+42) 1197.942 +G413) ST.Ta95 1418,17 74,691

g ®s STAGE 2 PERFOAMANCE e
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STATOR ROTOR
PRESSURE PRESSURE STaToR RQTOR oR STAGE
STREAMLINE sTaTgw ROTGR LOSS BLADE RoW  BLADE RO ISENTROPIC ISENTROP]G
AUMHER REACTION REACTION cOEFF:cIENT COEFFICIENT EFFICIENCY EFFICIENCY FFFICIENCY EFFICIENCY
1 iA5637 «12207 s18761 «3149 +«A6901 79102 «85329 +T6801
2 +46888 «464877 «1B628 +27018 «BAA1S +81659 «86935 + 18595
3 +21907 58772 18541 123398 «B86727 «81845 L08343 JH0343
- «a8229 «53165H s18484 20914 «86619 «85532 89451 8177
5 +«49383 49343 »1B4E] 119367 «Abs55) «B57014 90222 :FLLY
& «4589] «45663 «18437 +16449 FLLTCH] +B7473 «90730 ELE
? «50265 42512 «1B4637 317983 86371 oBT1948 +91032 +B426%
8 «50502 «39826 1441 »17884 +86288 +80104 «91181 WBae29
v »50584 37572 184232 «18092 «86213 88209 «91138 88938
® MASSSAVERAGED QUANTITIES o
STATOR BLADEwagw EFFICIENCY 5 «B655]
ROTOR BLADE~ROW EFFICIENCY » +85625
STAGE WCAX » 40,323 Byy PER LB8M
STAGE TOTAL EFFICIENCY ® «A2114 .
STaGE STATIC EFFICIENCY = 13151
STAGE BLADE= TO JET=SPEEp RATio = «41203
o8 STATOR £XIT = ROTAR [NLET 3 ow
ABSOLYTE ABSQLUTE ABSOLUTE ABSOLUTE
STREAMLINE RaDiaL HpS5S-FLOY MERIpDIONAL AXTal WHIRL AHSOLUTE MACH T0TaL TOTsL FLOW
hUMYER PeSITION FuneTION VeLogyty VeLOel Y VeLOCITY VELOCITY HUMggR PRESSURE  TEMPERaTYURE ANGLE
tIn) tLa®/5ee) EPS) IFPS) (FP5) {FFS) {PS]} (pEa R) (GEG}
1 1444334 os 00000 410137 409,910 13704474 1849702 200587 4345580 1558443 734575
2 1964065 1468633 4100137 4q8,288 13134594 13764229 276245 43,9067 1552430 T24735
3 1he2927 29.37268 4194137 405,455 . 12504892 1316224 WT2Tas b4, 1662 1567,12 124038
» 17e 1342 24405899 4104327 403,676 119027 12654380 169803 44,3892 1542.56 11450
3 17,8913 4h, 16532 430,137 397 117 1150,009 122,947 6725} 44 5900 1528,6% To. 749
& 18,6207 734431659 410137 39)ad9 1107929 11PB] ¢405 54685 44,6002 1535442 70.521
? 19+3360 A1) 797 4150137 aBb . 969 1059 =89R 11454429 -b;ﬁ.& LY P11 3153268 18. L1
8 210193 10200430 4104137 319,708 10344504 1zgz.ss1 #5108 44.7113 1530445 [
9 20,0434 117,490%3 4]0,137 372,643 001,734 083 443 59334 44 7321 1528, Ty 49 585
STHEAML INE RELATIVE RELATIVE RELATIVE RELATIVE
SYREAHLINE sTaTic sTatic SLOPE STREAMLINE RLADE RELATIVE MACH ToTaL TOTAL FLOW
UMBER PRESSLRE  TEMPERATURE ANGLE CURVATURE  veLOCITY VELOCTTY NUMBER PRESSURE  TEMPERATURE AMGLE
tPSI) [DEG R} {0EQ) tPER IH) (FPS) {FPS) (PSI) (pEG ) (0EG)
1 29,7895 1401,23 1,909 =y 00002 585,188 203,716 50238 33,9943 1462 ,32 63,023
& Jgedetl 141072 Sed43 =s00002 S2babay 801409 shha26 3uebtsT 1450,82 59,3%3
3 3124154 1417.58 By6868 +00902 860572 718,649 +39718 34,8832 145818 55,556
[} 32.3617 422,00 11,659 =s 00002 693+95R bA9.069 « 35806 35,2655 1454437 51.3%

v
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-1 13,199 1621,1% 14,470 =, 00002 125,385 970,340 J25117 35,6241 1453,26 46,917

6 2449025 131,03 17,1506 e 08002 7554201 S40,900 »29753 35,9477 1852,91 1,983

T 3+e518) 1838.52 Y.726 =e00002 783.959 %99 ¢R59 s2labe 36.3027 1453.20 364506

8 ELIITY 1437 82 22,210 =, 20902 811,084 466,767 «25615 36,6338 1454,11 30,498

9 35,5440 1841 07 24,623 ~a 00002 R3B,587 441,398 +24195 36, F6as 1455 84 23,633

4% sTAGE EXIT 3 ®»
ABSOLUTE ABSGLUTE ABSOLUTE ABSOLUTE

STREAMLINE Rablal HASS=FLOR  KERINIONAL AXtal WHIRL AYSOLUTE MACH ' TOTAL TOTaAL FLOW
NUFgER PCSITION FuheT10n VELOCITY VELOQLTY YELOCITY veLogITy NUMagR PRESSURE TEMPERATURE AWGLE
LELH (LuM/SEL) trPs} {FPS) (FP5) {FP5) (P5]) (pEG R} ({DEG}

1 1445000 Vs 00000 470590 #70,128 =y 99,637 S511»185 LZB3NT 28,4T44 1818,7) 224999

2 154320 1468759 455,056 «53,399 =325+773 bpt.985 28272 2845001 140834 ~26a47)

3 1£43356Y 2537458 A3N975 435,919 =241.979 S02.127 +28033 28,5120 1399,29 =2%4035

L3 17.2728 44 08147 25,210 &37 927 -250,588 493,557 L1827 28,5077 139) .49 =30,%47

5 15,0967 54,7498 M0, 044 399 639 252,926 82,285 «2705% 28,4862 1384,70 -32,342

6 1R, 9053 73,42845 396,169 aBq, 450 =249 04k 467 946, L20292 28 4440 1379, 28 -33,209

? 19e8 345 ABe12313 38 +68] 350.941 w2b(a ]85 4504965 ¢ 25367 28,3866 1374,9 =33,64]

-] 207109 10281102 367,079 aag,.b9] =2284001 4324125 24320 28,3172 131‘1.5; 334 TTT

9 216000 177248830 35242560 320,225 =233+129 LITE TS «23157 2R.2395 1369,06 =33.048

STREAMLINE RELATIVE RELATIVE RELATIVE RELATIVE

STREAMLINE sfatie salte SLOPE STREAMLINE pLABE AELATIVE HacH TOTAL TOTaL FLOW
NUMUFR PRESSURE TENPERLTURE ANGLE GURVLTURE  VetOgITy VELOCITY NUMBgR PRESSURE  TEMPERLTURE ANGLE
(PSI} {DEG R] (pEG} {PER IM) [FF3) tFPS} IPSI (pEG R) (gEQ)

1 26,9766 1398,79 1,909 00002 587,884 F1T 415 50874 32,0194 1462,94 59,153

2 27« 0088 1388,67 4,89 00002 625678 F65.422 +5373) J2.6821 1459,72 =] +965

3 aT.gas 138g.a? 7.785 « 00002 6b3,369 10054689 Shyak 33.2883 145716 =64 ,265

4 27+0810 1372.43 10619 «00002 #98,28, 1439785 28292 33,8391 1455424 =bb,229

5 271173 1365,97 13.415 *00002 733714 1068 ,685 «59948 34,333) 1454092 =47,%6y

& 271516 1362455 164198 00002 7684937 10920344 #6135 3447589 1453:5p ~5945p8

T 2Te1b2s 135%,4) 184975 »00002 Al4ke}Tn 1111+916 52546 3541187 1453465 =Tha934

a8 21.210% 1357 30 21,718 L0002 839,694 129,032 L3558 35,4395 1454 47 «12,273

9 2742345 135614 24,6221 0002 B8T5,755 1184 449 JH4453 a4, 728) 1455 %8 =73,812

3 STAGE 3 PERFORMANCE se

STATOR ROTOR

. PRESSURE ~ PRESSYRE S5TaToR ROTQR ROTOR STAGE
STREAMLINE STATQR ROTOR ' LOSS LOSS BLADE RoW  BLADE ROW JSENTROPIC ISENTROPIC
MUMBER REACTION REACTION  CQEFFICIENY COEFFICIENTY EFFICIENCY EFFICIENCY EFFICIENCY EFFICIENCY

1 «ALo7hH +98%g7 +19p953 w0619 +07555 «TABES «85913 «T5458

F4 2870 PLELLT +1ATs] +32T3p BTe2s 78728 »87959 o 77985

3 L s +T1458 +18524 «26898° «BT304 182004 89103 80149

; 45177 26242 +18312 22393 #8723y «84839 «30501 «82092

L +45T22 55241 +18062 «1909% 87218 87060 +9165% 83781



L3 4

45048
45910
»A5637
45183

49517
44955
+61342
138569

«17777
eitabd
17139
«16T94

17277
«J03R8
«1611%
«163)2

287250
187316
AT411
«AT529

@ MASS=AVERAGED QUANTITIES ¢

STATOR YLALE=-ROW EFFICIENCY
ROTOR HLADE=RUW EFFICIENCY

STAGE WORx

STAGE TOTAL EFFICIENCY
STAGE STATVIC EFFICIENCY
STAGE BLADEe TO JET-SPEED RATIO

87337
185341

40,323
oB2R2
» 7594
s04580

JBases
«89383
89781
89024

Byu PER LANM

92436
+92048
«92997
+92919

»95038
+85933
6549
»836918

17



e SPOOL PERFORHANCE SUMMARY (MASS=AVERAGED GUANTITIES) wes

STATOR ROTuR
STAGE BLADE~RO¥  QLADE=ROW STAGE
NUMBER LFFICIENCY EFFISIENCY WORK
(ATU/LEM)
1 «91600 01742 40eI2p
2 +A6S5] 858625 400323
3 «47337 3534} 40e323
SPOOL WORK
- SPOOL PO¥ER
5PO0L, TOTALe TQ TOTAL-FRESSURE RATIN
SPOOL TOTaL= TO STATI¢-PRESSURE RATIn
SPOOL TOTAL EFFICIENCY
SPOOL SYATIC EFFICIENCY
5PGOL BLADE= T) JETeSPEEp RATIo

STAGE
STAGE 5TAGE BLADE= To
ToTal STATIC JET=SPEED
EFFICIENCY EFFICIENCY RATIO
+»B1952 + 72529 «38538
82114 « 13191 41203
efAzB2? * 15982 »AGSEL

120+988 BTU PER {8k
20110,07 Hp

3.85873

“s0a74A

*88052

«BI648

*2514)

118
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APPENDIX 11

COMPUTER QUTPUT FOR THE REDUCED TIP PIAMETER
LOW-PRESSURE SPOOL

The three alternative versions of the low-pressure spocl employ-
ing the reduced maximum tip diameter at spool exit are presented in this
appendix. The computer output for the five~stage design.begins on the
following page; the four- and three-stage versions will be found on pages
136 and 150, respectively. In all cases, spool inlét distributions of
total pressure, total temperature, and absolute flow angle were obtained

directly from the computer output for the hp spool.



#3 PROCDRAN TUZ = AERODYRAMIE CALGVLATIONS Fait THE DESION OF 4RIt TURBINES s

CPYINIZED FIVE STAUE VERSION NnF NASA LP sP0SL AT REQUCED TIP AIANETER

wex GENERAL INPUT OATA des

HUNKER OF SPOOLS ®
NURBER OF SETS OF awaLYSIS VARIAULES »
NyUNEEe OF STREAMLINES o L]
L]
2

sy CoNSTANY
INLEY WASS FLOw

H
i

59,3%000 LBF FT/LBM DES N
11750000 LBMISEC

& VANULAR INLEY SPECIFICATIONS »

RADLAL TOYAL
LUONDINATE  TEMPERATURE
£IN toga Wy
14,1000 183,06
Lhealdat 1831,90
14,6058 1937.%%
3409511 1837,98
15+2028 1837, %
1Sedbic 1837,9%
15,8597 (T3 5 0
15,809} 1831, %
1843000 1031,9%

mnyhL
PrESSURL
shy

1ol 2iss
108,13
19,2293
149,575¢
19,8412
1183973
tlcnﬁm
1105154
118,898

ABSOLUTE
FLOw AMNGLE
fiidet]

3213
Audl8
Sal52
L0872
&2 035
He2bo
4e 182
Hea2]
4392

120
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0% SEOOL INPUT DATA %ae

®a DESIGN REQUIREMENTS e

ROTATIVE SPEED 3 a846+0 RoM
POWER guUTPUT = 20110.00 HP

we ANJLYSTS VARJARLES we

NUMaER OF STAnES = 5

& POWER=QUTPUT SPLLIT @

FAACTIUN OF
STAGE NUMBER  SPOoL PONER ouTPUT

+20V00
20000
W 20VD0
+20V00
«20000

W e

9 SPECIFICMEAT SPEQIFICATION @

DESIGN STATION NUWEER SPECIEIC MEAT
(BTU/L.BM DEB R)

21500
+ET50n
« «27300
27300
27100
«£7190
«26800
+ZER00
«£8800
+28500
26200

HOOT ST S PN -

[ lrd

# ANNULYUS SPECIFICaTION @


http:20110.00

STATION NUMBER

-
- -X- R B TR RPN U

-
N -

STATQR

AXIAL POSITION
{IN)

7.5000

9,0000
10,5000
12,0000
13,5000
15,0000
16,5000
18.0000
19,5000
£1.0000
22,5000
24,0000
25,5000

# BLADE=ROW EXIT CONDITIONS &

PERIpIONAL,

RADIAL VELOCITY
POSITION GRADIENT
tIN) tPER  SEC)
1545000 0200

dHlAL YELDCITY AT THE WEAn STAEAMLINE =

ROTOR 1

STATOR 2

WKIAL VELOCITY A

VERIDIONAL

RADIAL YELOCITY
POSITION ORADIENT
tIN} t{PFER  SEC)
15,5000 ~200.00
VMERIDIONAL

RAQLAL | VELQCITY
POSETEON AQRADIENT
LIN} (PER SEC}
~16.0000 0s00

T THE MEAN STREAMLINE =

RQTOR 2
HERTDIONAL
RADIAL VELOCITY
POSITION GRADIENT
(1N} (PER  SEC)

160000 =-200e00

HIB RAMDIUS
tN)

1400750
1441000
18,1400
1441300
1442¢00
14,2600
14,3000
1443%00
14.3%00
1404200
1444500
14,5000
1445400

CASING HADIUS
LIN)

15,A%00
16,1000
16,3600
16,8200
16,8000
17.1400
17,4000
17.6600
17,9200
18,1600
18,4400
18,7000
16,9600

88940000 FEET PER SEC

811.000¢ FEET PER SEC

122



STATOR 3
VERIDTONAL
RADIAL VELoCITY
POSITION ARADIENT
[SLH (PER 5EC)
1645000 000

wrlRl VELOCITY AT THE HEAN STREAM_INE =

RQTIoR 23
FERIDIONAL
RADIAL vELoCITY
POSITION GRADIENT
tIN} {PER 5EC)
16+%000 Te200400
STATOA &
FERIGIOQHAL
RADLAL VELOCITY
POSITION GRADIENT
{IN) {PER SEC)
1T.0000 0500

WHIRL VELOCITY AT THE MEAN STREANLINE

RoToH &
»ERIDIONAL
RaplaL YELOCITY
POSITION GRADIENT
{IN) tPER SEC)
17+0000 “200.00
STATOR &
MERIDIONAL
RAGIAL VELOCITY
POSITION GRADIENT
(IN) {PER SEC)
175000 Neb

WHIAL YELQCITY AT THE NEAn STREAMLINE

RAQTGR S
VERIDIONAL
RAQIAL VELOCITY
POSITION GRARTFNT

TTae0000 FEET PER SEC

T4140000 FEET PER SEC

77420000 FEET PER SEC

123
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Teani” (peR SEC)
175000 ~200400

® BASIC INTERNAL 1,055 CORRELATION *

TANUINLET ANGLEY * TAN{(EAIT ANGLE}

U 203000000 « 157855090 & [V RaTION®® 3,600 [IF ¥ RaTIO) oL¥e 40000000
STINESH
«50000000 * «BDO0OOQDA ¥ COSIEXIT ANGLE) f s0sS500000 ¢ 15000000 @{(V RATION= o6pg)) 1IF IV RATIO) +OEs «60000000

THE PRESSURE=LOSS COEFFICIENT COMPUTED TN THIS MaNNER MAY NOY ENCEED 4 LIMIT OF  2,00000000



STAEAMLINE
hiNgER

Rub sl
POSITION
[§ 0]

1selnog
1% 23947
14 sbhR9
14-¥302
151796
154201
19,0530
154794
1be1000

W® NP e

STREAML INE
NUMBER

statie
PRESSUAE
(PST)

lo3.%919
103+H863
10308734
103+8630
1pJe+8552
103+H498
la3eBanT?
1pdeHase
laode«t469

ORI WA -

STREAML INE
KUMBER

Ralial
PESITION
11N}

1 1441800
2 14+438%
k] tae730¢

Ba55+FLUN
FUNCTION
(Lan/sEc)

0«G0000
14408746
29374493
44 e 3hEH)
50.74987
13.43735
BH 12482
10281230
11745927

STATIC

TEMPERATURE

{DEG H)

1819,40
1817,04
1815419
1813.70
912,48
181181
1810.50
180T 64
1808.94

MASS=FLOW
FUNCTIOR
{LHM/SECY

0400000
L4+68850
29.37700

%8 QUTPUT OF SPOQL-DESTIGN ANALYSLS #es

*» STATOR INLET ] #*

WHIAL
YELOCITY
(FPS)

284149
402394
#9717
Shetzt
610695
65:2%%
67,673
694007
3“033}

AYSOLUTE
VELOCTTY
(FP5)

5pS5e558
536,895
559,9Ep
5774544
592,383
504447

5:4.99?
b24né)
8324167

&® STATOR EXIT = ROTQR JHLEY ] ee

HERIOIONaL AXIaL
VELOCITY YELOgITY
tFPS) (FPS)
S04a77TH 504,655
535,173 534,660
557.77% 556,415
5754163 573,140
ELL I 586,063
400,93k 596,560
611,156 605,336
G20e215 812.1T1
G28,348 61%,11%

SYREAHLINE
SLOPE STREAML INE
ANGLE CURVATURE
{DEG) {PER IN)
1:241 sQ0b86
24507 «00568
34688 Q0TS
48068 «00390
G879 epodp?
6913 00228
Ta913 Q0149
BeRB6 00073
Fe034 =+ 00000
MERINIONAL ARTaAL
YELOCITY VELOCITY
{FPS) (FP5}
ELLMG L] 569,656
L69.858 56%,25)
569,858 560 hab

WHIRL
VeLOcITy
(FP5)

8604%3a
RE&eToN
Abzalfs

AHSOLUTE
VELOCITY
{FPS)

1039,.127
1037+254
10324489

ABSOLUTE

ABSOLUTE
HACH
NUMBER

«51806
31709
.51l511

AYSQLUTE
TOTaL

PRESSURE
tPSh)

108,219%
108, 7672
1092000
10945480
109.8376
110,0876
110,3995
11645100
11046930

ABSOLUTE
ToTaL

PRESSURE
(PS1)

107.1945
10706864
108.0a08

ABSQLUTE
T0Tal.
TEMPER, TURE
(pEG R}
16837496
183T. 9%
1827.9¢
1837,%
1837.9%
1837.%s
1837 .9
1837.9%
1837.%%

ABSOLUTE
T

TOTAL
TEMPERATURE
(pEB R}

1837,95
183796
1837.9

125

APSQLUTE
FLOW
ANGLE

{DEG)

.21
44343
Se113
S.046
Be0Q9
badas
6,376
bab2)
54392

AGSOLUTE
FLOW
ANGLE
{DEG)

864732

S&eTga
LT 10



N@R O

STREAMLINE
NUHHER

W=~ > LA

STREAHL INE
HUMHER

LR PN F DN -

STREAHLINE
LULITT

Ml IR

15.0]157
1he29ab
15e56H4
158369
1+, 1006
16,3500

STATIC
PRESSURE
(F5])

2, 9351
Fuennsd
FGeT108
Slade]ls
91469
92«1318
QZen0TE
92s3abl
93,1781

HADIAL
PCSITION
LIN)

141000
14 s496%
1+, 80348
141176
19.4232
15.7269
l1e,0262
10+324]1
168200

S5TATIg
PRLSSURE
(P51}

83,2333
Bdeda]?
BJasehgh
83+ 2599
23,2594
B3.2790
B3.2888
81,2982

44 ,00589
64475399
TIeaa249
8413099
102,41949
117,.5¢79%

STatic
TEMPERATURE
t;EL R

1759,5¢
1799,83
1760.39
1761418
1762,.03
1762.95
1763.88
1764,79
1765,6%

HaS5=FLOW
FuncTION
[LEM/SEC)

0+00000
14464731
29,3143
48,0617
58,74926
73,430637
H8, 12389
102-91120
117.44985)

STATIC
TEMPERATURE
{GEG R)

1731,2%
1729,38
1727.8
1726459
1725,5%
1724,68
1723.85
1723,15

589,858
569,858
569,858
569,858
469,858
565,858

STREANL INE
SLOPE
ANGLE
(DEG)

1,528
2.546
3.737
4,804
S.B8a8
6.872
T80
84863
9,83

MERTOIONAL
VELOCITY
{FPS)

574,493
569.220
S64,013
S5A 866
53,7172
SaB,727
43,723
538, 158
423,R26

STREAML INE
SLOPE
ANGLE
{DEG}

T §.528
24605
34668
42719
5,760
52790
TeH12
4,826

267 456
566,492
Q65,764
568,482
563,053
us] 486

STREAMLINE
CURVATURE
i{PER 1IM)

«000d0
00000
«Qp000
00000
« 00000
alanon
<0000
+00000
+00000

A58, 045
A4Te00p
.A81e52s
A33.908
82h,322
#18,83

BLAUE
VELOCITY
{FPS)

573,292
SB5+4]11
597237
aoR.TIT
#200113
631+295
hh2eq%
6524784
#61,300

©% sTAGE EXIT

AXTAL
VELCCITY
(FP5}

574,289
588,632
562,857
556,97}
550,977
544 876
534, 677
53z.378
525,983

STREAML INE
CURYATURE
{PER IM)

000000
d«00000
0400000
0,00000
0,00000
0409000
0.00000
0.00¢00

UHIRL
YELOCITY
(FP3)

=113¢072
=113, 717
=124,78)
-128,582
=131,%2)
=133,509
~134, 5967
=135.95,
=136546p

BLADE
VELOCITY
tFPS)

574,714
587+742
H00e408
8124920
§25,320
63795%
£494765
661 4Bée

1028,373
1022515
_1015.317
1#10.020
1003,767
997,511

RELATIVE
VELOCITY
{FPS5}

641,983
635,503
620,439
$21+18s
b1&s107
507.43)
bh1.2T4
$95,5%
590,702

ABSOLUTE
VELOGITY
(FP5)

585.51%
5814673
577,651
573,467
569,153
564,735
560,229
554446
8514992

RELATIVE
viLocrTy
{FP5}

896,307
hOLI L]
918700
¥284531
937,121
9a6.415
9544730
62,671

.51246
50942
+50620
#50293
47969
49850

RELATIVE
MACH
NUMRER

232008
31681
31324
»3n955
30595
230254
29940
29655
29398

ABSOLUTE
MACH
NUKHER

«29392
29216
29027
28827
28619
20804
28184
«27959
27730

RELATIVE
MACH
NUKgER

TS LI
245607
164
46475
47151
oT801
248029
B840

108,3988
108.06638
10R,B920
109.0944
109,2778
109 4457

RELATIVE
TOTAL

PRESSURE
{P51)

96,2945
96,6670
97,0034
97.3123
37.6021
97,8784
9A 41454
98,4050
98,6568

AHSOLUTE
TOTAL

PRESSURE
({3158

08,1391
88,0078
88,0334
ar,97163
ar,9171
87,8563
BT 7944
87,7314
87,6675

RELATIVE
ToTaL

PRESSURE
[PSI)

95,0663
95,4173
95,7420
9640464
95,3342
96,6497
96.8756
97,1334

1837,96
1837496
1837.9¢
1637.98
1837 96
1837,9s

RELATIVE
TOTAL
TEMPERATURE
({pEG 81

1789 47
1789,15
1789,07
1789,18
176942
1789, 74
1790413
1790.8¢6
1791,02

ABSOLUTE
TOTaL
TENPERATURZ
{DEG R)

1756,34
1754412
1752,25
1750,64
1749 .23
1747,97
1746, 81
1745,74
1744,.T3

AELATIVE
TOTal
TEMPERATURE
tOEG R}

1790,03
1789,69
1789,58
17189465
1789 8¢
1790418
1790,53
1790,9%

126

54,442
%6268
56,087
554905
55,730
55,561

RELATIVE

ABSOLUTE
FLOW
ARGLE
1DEG)

*11+138
=11488%9
=12,500
=-13,000
v11,418
-13,768
14,068
=l44325
14544

RELATIVE
FLOW
ANOLE

[{+11}]

50 147
=514209
524183
534089
-53,942
-S4, T54
=55,573
=50 ,284



1287,

EEPELTS 172,52 9,834 0.00000 673,841 9704339 RCY-T:- 1) 97,3843 179140  -57.0i2

%+ STAGE 1 PERFORMANCE @#

STATQR ROTOR .
PRESSURE PPESSURE STator ROTOR ROTOR STaGE
STREAML ENE STATCH ROTQK S5 ALADE RoW  BLADE AQW [SENTROPI¢ [SENTROPIC
HUMBER REACTION REACTION cuzrr:clsur cungcheNr EFFICIENCY EFFICIENCY EFFICIENCY EFFICIENCY
1 48852 « 71528 205907 «11178 34952 »0907 #92913 «B8T10
2 V51741 69987 .s06218 11047 +94696 «91057 +93040 «B8T44
3 +5a188 «6H8Q5 »06489 «1087R « 94499 +91281 93197 +88854
- «56200 66900 *08725 +10%845 »9432] 91477 «33353 +88989
E W5T938 s0548%: 06939 s10a9y %4155 «?j608 «93498 89104
6 W594TT »64182 $07141 «10313 293994 516880 93629 «89218
7 »50873 262980 »07335 10149 +93839 «92058 33706 +89329
4 52170 »6)880 +0T514 «10006 +93692 « 92214 493846 209412
° 63368, *5p878 «07682 »09385 #9355 <92350 +93930 LLLLH]
2 MASS=AVERAGED QUANTITIES «
STATOR BLADE.ROW EFFICIENCY @ +9818]
ROTOR BLADE=ROW EFFICIENCY = «91458
STAGE WORK o 24,194 BIU PER LBM
STAGE TOTAL EFFICIENCY = «89090
STAGE STATIC EFFICIENCY m « 72048
STAGE SLADE= TO JET=SPEED RATIO w 47986
#® STATOR EXIT = ROTOR INLET 2 #»
ABSOLUTE  ABSOLUTE  aBsOLTedig aBsoLUTE
STREANLINE RaDlaL Mg 5S=FLLOW HMEHIDIONAL AXTAL wHIRL AYSOLUTE MACH ToTaL T0TaL © FLOW
NUKBEH PCSITION FUNCT ION VELOCLITY YELOGITY VELOCITY VELOCTTY NUMRgR PRESSURE  TEMPERATURE ANGLE
CIN) (LHBH/SEC) (FPS) {FPs {FP5) (FPS}H (PS]) {DEG R (DES)
1 J4e2200 000000 553,538 553,343 B9%eT1p 10524098 +5368% 86,8410 1756,36 S6e265%
2 14450833 1468746 5534536 552,940 RT1e80p 10324516 52677 86,8401 1754415 5T.60%
3 1509380 27:37492 5530536 S52e344 ASQe0BT 10140422 51741 B6.83p6 1752.26 56,906
s t542791 44e06238 5534530 551,568 8294949 9974806 «50871 8648199 1750465 564393
5 15,6127 58,74984 553,538 550,626 Blle000 981,899 +S0057 86,8027 1749,23 E5,826
6 159404 73.437T30 153,538 549,529 793409 967100 47293 86,7817 1747.97 58,282
T 1642599 B8A,124T6 553,538 540,288 776,099 V53,278 #8574 86,7874 1746,8) 84,760
a §6+5730 10281222 5534538 Sab,91] 7592919 9404150 «ATB95 86,7303 1745.73 544250
9

1648800 117,49968 553,538 545,405 44,404 921,702 JST251 86,To0t . 174472 53,772



STREAMLIKE
NUNMZEH

O WS Wi

STREAMLINE
hUMBER

O B0V E R e

STREAMLINE
hUNBER

oD NGNS L -

" sTaTic
PRESHULRE
1PS1)

Tl.%619
7244558
T2+%p31
73.3100
T3.5820
THa0234
7443377
Fes628}
7808971

Ha0lal
PCSITION
iy

1462600
laeb360
15,0063
153718
lE-TazQ
160893
16,4424
16,7926
17,1400

STATIC
PRESSLAE
P51)

£5,6354
ES5.5475
65eb594
656712
6h,6827
5528935
65eTD48
69,7153
85,7254

sTavIC
TEMPERATURE
IDEG Rt

1675,39
676,16
1676,99
1077.84
re78,71
1679,.5%
1680.33
1661.07
1681.78

MaASS»FLOW
FuNeTION
fLHM/SECY

000000
14488735
29,3771
Ad,006206
G8.Ta%4]
T3.43076
a8, 1as12

102,81147
11749882

STaTic
TE¥PER) TURE
INEG R}

1643,13
1640,87
1838,96
1437437
1636,03
1634,088
1633488
1633,02
1832,27

STREAA INE
SLOPE
ANGLE
{DEG)

1,528
Rl.062
783
4,835
5,679
8,900
T.H97
8,875
Q.83

MERIDIONAL
VeLOCITY
tFPS)

S77.815
571,548
585,376
559,288
5534275
5474328
S4] 440
535 ,60%
529,815

STREAMLINE
SLOPE
ANGLE
(DEG)

1,528
2612
3,68p
42733
5,774
G.803
Te8ze
8,832
9,834

STREAMLINE
CURVATURE
{PER IM)

-.00000
= 00000
=s00000
=.00000
=y 00000
=,00000
00500
=+00000
=,00000

BLADE
VELOCITY
(FP53)

576,535
591,265
§05+564
619477
433,04n
Aak, 285
$594249
671+935
[LITELY]

4% STAGE EXIT

AKTaL
YELOCITY
(FRS)

577.609
570,958
264 210
557,389
5Gp 468
543,475
536 4023
529,254
522,031

STREAML INE
CURVATURE
(PER [N}

0400000
«00000
«00000
00000
«086000
+00000
«0a0d0
+ 00000
00000

WHIRL
VELOC1TY
{FPS)

=13%.193
=142e249
ai4d 107
=]45+365
=146+109
=1464353
=]ab 1403
=145,53%
)44 ,584

BLADE
VELOCITY
(FP5)

578,157
5934407
6084416
623¢226
437,854
692e32n
656ebhs
680,839
A%4,%24

RELATIVE
VELOCITY

{FPSY

638,466
620,477
0050141
592,201
381 441
572,674
565,738
S6peaBT
5564789

2 %

AHSALUTE
VELOCITY

{FPS)

598,463
568,98,
583,452
57T.6870
5Tze24

586455

560,618
555,026
549,189

RELATIVE
VELOCTITY

(FPS}

¥21,516
931458
9410244
Y504544
959 529
V66,218
St6e620
984,770
¥9z.712

®a STAQE 2 PERFORMANCE as

RELATIVE
MACH
NUMARER

ABSOLUTE
MACH
NUMBER

+ 30594
30333
+30065
29792
229514
29233
26944
28653
,2B358

RELATIVE
HACH
NUKBeR

4Ta26
+AT977

RELATIVE
ToTal

PRESSURE
Ps1)

77,1951
TT,42064
776519
T7.8764
18,1003
78,3243
18,5487
T8.TT40
19,0008

ABSQLUTE
TOTAL

PRESSURE
(PSI)

69,8440
69,7847
69,7226
69,6630
69,5965
69,5321
69,4670
69,4012
59,3349

RELATIVE
TOTaAL

PRESSURE
iPSI)

76,0869
76,3583
T6,6220
74,8780
77,1213
17.3703
776073
71,8338
78,0860

RELATIVE
TOTaL
TEMPERATURE
{pEG Rt

1705,21
1704 ,33
1702.,77
1703.50
1703 44
1703,52
1703.74
1704405
1704e0s

ABSOLUTE
TOTAL
TEMPERATURE
{DES R

1669417
1666441
1684 05
1661,.%98
1680416
1458453
1657,08
1655, 72
1654 49

RELATIVE
T0%alL =

TEMPERL TURE
{pEG R}

1705,71
1708,82
Toa.25
102,98
1703,88
170349
$T0a017
1704 ,48
1704,89

128

AELATIVE
FLOW
ANGLE
{QEG!

29,899
26,885
23,879

ABSOLUTE
FLOW
ANGLE
{bEG)

=13,597
-[3.990
-]4,228
wlheb17
-lﬁ.ﬂbﬂ
=15+072
«}5,24]
~-15,376
ST

RELATIVE
FLOW
ANGLE
{peai

-51,179
-52.188
=53,3139
=S4e050
=54 ,92%
»55,T66
=%56,577
37,362
=50,125



STRE pH| INE
NoMpe R

G Eemt I U LTS

STREAHLINE
KUNEER

> A

STREAML INE

hUMHER
H]

L2 Y- R R R

nunan
HESETIaN

(¥3.43

1%+3000
| T2%3
Jhalasl
15,3455
Jaa¥ats
1623150
LB+6BS50
| Tagaby
PTea000

SYATIC
PRESSURE
IPSI}

by TE25
§74237)
STabalY
LH U029

statan
ReacTIOK

[$-10 5]
54335
«56T4n
«ST4HK
2571985
«5237%
+25V69
59102
«593%3

My 55 =F1,0M
FUNCTIUN
fLns/RELY

OsBO0GG
14+68Tab
29237491
oh 062YT
5k, 24903
Ti4352%
BRs 1474

192+81220
1174459968

SYATIQ
TEMPER YURE
(DEG R)

_1590,24
159087
1591.50
}592-11

RoTor
REACTION

«6F25%
~HE505
whia92
+62301
50597
59147
+57928
+S6ME
+HagEs

STATeR
?RESSU?E

«9871%
+08673
08520
+0855%
1084%
2 GREZD
< 24354
«0B273
208192

#oTOR
PﬂESSUR{

« 11375
215687
+10307
0982q
AT
2 BBy
8ty
»084he
«08338

& MASSAVERAGED GUANTITIES o

STATOR BLADE=ROY EFFICIENCY o

ROTOR BLADE=-RON EFFICIENCY

MEREpIDNaL

VeLogtTY
ipps}

SE8Tio
huheT10
LEg,. 710
558,710
B4R,71p
5584710
G558, 710
S8H+710
55H5. 710

STREAML INE

SLOPE
ANGLE
(nEa)

1.528

2a0T8
1.78%
4865

STAGE wORK

sr;us Tolal, pFFICIENCY
TAGE SYATIC EFFICIENGY
STAGE BLADC- TO JETWSHEED RATIn

N owdd

#% STATOR £XIT = ROYOR INLET '3 ws

aXial
VELOCITY
{FPSI

558,517
5584 10
557 ,48%
556,698
558,741
554,833
553,384
5524004
850,802

IR INE
CURV TURE

(PER IN)

Q30000

00900
Te 00000

WHIHL
YELOLITY
tFP5)

871.307
Bakabyy
820-0;#
797,25
ITTh 402
Th6e 004
T3Te 272
7194479
TR2e547

BLADE
YELOCITY
{FRs)

79,71

53T+ 186
612997

StatoR GO ROTOR ST4GE
LO aLADE RO¥  BLADE ROW  ISENTRUPIC ISENTROPIC
cUEFF1cIENT cuEFFICIENT EFFIeIENCY EFFICIENCY EFFICIENCY EFFICIEMCY
+$ZR58 25508 92929 +BT167
»92R62 +F1a58 +33257 Y8¥Tey
122878 «F1924¢ 193558 +98193
92098 72349 LELY ] 08834
+ 92928 92703 «F4015 v89025
«R2959 #9209 194181 89162
+E2G97 2 F3218 +IA259 +EEAT
*$3037 «33384 198372 +8988g
9384 «93492 234405 0067
»F2ThY
+92528
244193 97Ty PER LBK
+5E683
+71758
HABBSS
AYSOLUTE ABSOLUTE AGSOLUTE
5850LUTE MaCH TOTaL TOT 4t
ELOCITY NUNHER PRESSURE TEMPER) TURE
1FPS) 1P513 1pEG R}
1935052 Hhya? £8.7693 165%,19
012+685 52967 6By 7620 16B6.45
! %3:280 :51839 63:74%9 IbﬁA:°b
973,535 L5899 88,7321 1683,99
255,258 49983 58,7153 (655,16
Fape1ns 4913 49,6845 1658,51
9254055 +48238 68,6558 1657.06
¥ypa93R P4 TGSy 68,6245 1658.74
B97.aa0 146587 68,5908 1654449
RELATIVE RELATIVE RELATIVE
RELATIVE HACH THYAL THTaL
VELOZITY  * NUHpeR PRESSURE  TENPERRTURE
{FPS) [{:3:3]] fpED A}
630,198 32958 1,020 1519,50
611a047 231960 8122515 1618,3¢
LT MY IR bladTaE 161764
LLEPST-2 «20a87 6140972 1657.20

u,00000

630.230

129

ABSOQLUTE
FLOW
ANGLE
fpEsd

LETE LY
SheSas
55479y
55,075
24,291
53.737
S3e)0%
L1511
512919

RELATIVE
FLO¥
RNGLE
tpEaY

7553
23.910
200204
184598



130

) 58,3302 1492, 18 5,910 d.ooonn 646,09 573,615 23984 61,9199 1617,03 13,157
Y LLITY 4% 1593400 6.927 Qs 00000 661edTg 5884660 «29615 6241431 161708 F.678
1 5H.8941 1593.9% T.918 Ge 00000 a76ea7R Y6z.008 29366 5243675 1617.27 622069
a 59,1393 1594 ,56 8,886 000000 6914131 559,429 29228 62,5932 161T.62 2.94p
b 5¥43839 15495,11 9,824 0+00000 T05 485 4580718 27184 62,8208 1618411 =302
s8 STAGE EXIT 3 &
ABSOLUTE ABSOLUTE ABSOLUTE ABSOLUTE
STREAML INE RabDlak MaSS=FLAON NERIDIONgL ARTAL WHIRL AHBSOLUTE HaACH TOTaL TOTaL FLOW
NUNgER POS1TION FuncT 10N VELOCITY VELOpTTY VeLocITY VELOCITY NUMBER PRESSURE  TEMPERaTURg ANGLE
[$1] L RN/ SEC) {FP5) - tFPS} 1FPS} . FP5) (P51} tgEG R (pEG}
1 1%e3000 0e00000 6714165 B00.95] =157.078 62) ,347 +32837 G4, ToT 1581412 =14 648
2 18T 1s.0B728 593,883 593,261 -15%49, G14+925 . e32526 54,5495 1577.84 =15¢047
3 152051 29437057 5654730 585,511 =161+¢957 608,434 232296 5445900 1574496 =15+380
4 1%.6282 4%, 06185 579,695 577,703 «161,887 bp1.873 31879 54,5291 1572 44 «15,654
5 1b.usaz SH, 74913 572,761 569 838 «162,044 295 243 J31544 54,4669 157,23 «15,874
3 10,4547 73,4364] 565,919 56] 916 -16],647 58A 557 31203 54 4036 1568 28 ~16 8%
? 16,5605 B8,12370 559,156 553 938 «160,803 581,819 »30858 54 ,33%6 1566 54 »16,168
a8 172621 102.81093 552,463 545,993 ~159.602 5754955 « 30509 54,2751 1564.98 =16,297
L] iTet6gg 117449826 5454683} 537,812 =158,098 5684266 «30156 S442103 1563.58 ~16+302
STREAML INE N RELATIYE RELATIVE RELATIVE RELATIVE
STREAMLINE STaTic sTaTIc SLOPE STREAMLINE ALADE RELATIVE MACH T07aL TOTaL FLOW
NUMBER PRESSURE TEWPERATURE ANGLE CURYATURE  VELOGITY VELDCITY NUMggER PRESSURE  TEMPER,TURE ANTLE
tPSI) pEG R {DEGH iPER IN) LFPS) {FPS) {BSI1} ipEG R} (DE3)
1 50.%180 1552 ,36 1,528 «%0000 581,40]) 952,234 250323 60,1455 1619,93 5,002
2 50s4324 1549, 56 24621 «0p000 599,017 963442 159959 Bous122 1618.83 =514973
E] 50.9465 1567437 .67 «00000 616.514 VTaen¥9 51562 60,6695 1618, 08 =S53.020
I 5049602 1245, 45 4,750 00080 6334629 9844319 52135 60,9180 1617.65  =54,0)3
5 50,9735 1543 ,83 5,74%) =, 00000 650,495 994,122 L2682 61,1583 1637 ,47 «54 958
[} 509862 1542447 4.818 s 00000 86Ty 1003670 «53206 61,3915 1617,52 55,863
7 SNeY984 1541« 7.823 *+00000 683593 V12 TAD «53712 61,6198 1617474 =S58, T34
[} 5lan201 1540,34 A.838 =.00000 £99.HT 1021721 +S4206 61,8440 lela,1y “57.8TE
9 5140212 1539,51 9,834 - 00000 T16,007 1030,529 LS4638 62 0654 1618, 85 58,397

*s STAgE 3 PERFORMANCE #@

STATOR ROTOR

PAESSURE PRESSURE STAToR ROTOR - ROTOR . STagE
STREAMLIMNE STATOR RoToRr LOSS Q55 BLADE Row BLADE RO TSENTROPIC ISENTROPIC
NUMEER REACTION AEACTION  COEFFICIENT COEFFICIEMT EFFICLEMCY EFFICIENCY EFFICIENCY EFFICTENCY

1 57433 66181 «0B970 «10184 492588 92126 «93316 +87560

2 581861 163425 «)8863 07474 +92731 92600 923671 «B8;8x

3 +58799 +61333 »0B756 08902 92789 93124 93973 «BBTI4

A 592358 159242 +08649 08844 92633 93499 74216 89208

5 0 5984% «&T701 +08529 W0B103 +92B9 » 93788 294390 «8940%
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o JB02HE +H6464 0A827 +0788A 92058 «93997 +94515 189929
7 608625 «55493 08310 «07689 23023 o TA140 194580 90190
8 60929 o54TEY «0B189 «075B2 +92098 «P4227 »34598 « 90395
¢ 6118} eba2)? 10Bgbs 07527 «93177 Th264 194571 90547
* MASS=AVERAGED QUANTITIES @
STATOR BLADE~ROW EFFICIENCY a +92905
ROTOR BLADE=ROW EFFICIENCY = «93%580
STAGE wORK = 24194 BTU PER LBM
STAGF TOTAL EFFICTENCY = «894)2
- STAGE STATIC EFFICTENCY = « 10975
STAQE BLADE= 10 JET=SPEED RATID = 49553
#% STATOR EXIT = ROTOQR INLET & #e
ABSOLUTE ABSOLUTE ABSOLUTE ABSOLUTE
STREANL INE Fa0TAL HaASS=FLOw  MERIDIOMAL ATl WHIHL ABSOLUTE HACH TaTaL TOTAL FLOW
hUWBER PeSITion FUNCT 10N YELOCITY YELOCITY YeLOgITY VetogIty NUMER FRESSURE  TEMPERATURE ANGLE
LRLE {LBM/SEE) (FPS) {FPS} [§22-] (FPS) tesn (BEG R) tOEG)
1 i4+3800 Ge00000 5Bz.4%9 |, 562,283 BA64937 1274909 +55218 53,8238 158]1.14 85,49
2 t4e8769 1458745 58744 %g SB1.047 A16+8a8 1003262 «53886 5348145 1577.85 54337
a 153944 a%43TaYg SbaeaFyg s8i.200 789,459 98y #n%y +52689 53,7994 1574497 534639
0 1508148 aheDhp1b 5824490 580,387 T64e299 604963 51601 53.779% . 1572444 52789
5 18,2801 58,7498] 5A2,490 579,364 Tal, 000 942,537 30605 53,7861 1570,22 51,979
& 146919 T3.43726 582,450 578,208 T1%. 278 925,554 +9686 53,7271 1568,28 %51¢205
T 17+1118 BR.12471 SB2.490 576,910 #9889, 90%+805 «4B034 534696} 1566453 58.452
8 1445208 1p2.812:7 S8z.490 575,482 672,673 895,126 - La8p2F 53,6624 1564497 49,745
¥ 1749200 117499862 5824490 513.932 &b1iabp H81.378 «4T295 53.6265 1562,87 494053
. STREAMLINE RELATIVE RELATIVE RELATIVE RELATIVE
STAEANLINE £TaTic 5Talic SLOPE STREAMLINE #LADE RELATIVE HacH TOTaAL TOTaL FLOW
NUMBER PRESSLRE  TEMPERMTURE ANGLE CURVRTURE  Yepoclty VELOCITY NUMBgR PRESSURE  TEMPERATURE ANGLE
PSI) tDEG R} _  (pEG) tPER 1N) (FPS) {FPS) tPSTt {pEG R} [0EB}
1 4e,0017 1502,%0 1,528 0,00000 583,022 639,489 +342353 47,6813 153208 24,302
2 A4.4853 1502, 84 2,694 +00000 0317y D20 445 233325 47,8979 1831.53 204145
"2 4458381 1503424 3,814 +20000 6224528 4p5.938 «32541 48,1136 1530480 154025
+ 451489 1503.63 4.894 +0c000 441193 5954357 »31969 48,3292 153004 11976
5 4De424% 1504,03 54539 «0p0oo 859.248 58684390 »J1580 48,5454 1529,91 Begl2
[} AS+8T14 1504444 64952 +«00000 676758 G8aspag +31353 4BeT62T 152985 40205
? 45.8%29 1504,85 7.937 +00000 693.78) 582.513 «31267 #8.9817 1530414 «Sp8
a 4600927 1505.26 8,857 «00000 7104364 583.298 »31304 4942026 183082 =3.083
9 45,2737 1505,68 9.838 00000 T2t , 548 585,115 - 31451 49 4260 153,28 «b 4T0

#0 gTARF EXTT & &
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ABSOLYTE ABSOLUTE ABSOLUTE ABSOLUTE
STREAMLIKE RaDlaL Ha5S=FLOW MEMIDJONAL AKIAL WHIRL AHSOLUTE MACH TOT AL TaracL FLOW
NUMBER POS1TI0A FUNCTION VELOCITY YELOCITY YELOCITY VELOCITY NUMBE#R PRESSURE  TEMPERATURE ANGLE
: TIN} (LBM/SEC) (FPS) - {Fps} tFP5) FP5) iPSL) (pEG R} {pEG)
1 1424290 0.00000 644,625 644,396 =175.292 ©684033 «38352 42,2898 1492,05 =15.218
4 1449197 14.68727 6364297 635,626 «177+390 660.561 235984 4242335 1488419 =15:593
3 15,4046 29,3745 628,148 LEL LK 178,918 853,023 L5606 42,1753 1484 8] -15,897
. 15,8441 44,00161 620,156 610,007 ~178,813 bas 420 35218 42,1155 1483 .65 16,137
5 153594 58,7498 512,302 609,154 a1 78 44T 637,775 + 34823 42,0544 1479 ,28 -16,328
6 1648224 T3.43635 6445869 B00,. 270 =177:580 63p.1%2 PRITY T 41,9924 177,02 wlb,48)
7 17.2819 88,1362 5%6,942 591,252 =) 764355 6224448 dag3? 41,9300 1475.02 =16.+806
B 17.732% 102.8)089 CLENY L] 582,399 ~1T4.828 814279} 33812 41,8873 14T73,28 =164709
9 18+18230 117+496)5 58] .958 573ca08 21734057 60T ybi, 33204 51,8044 147174 =16 T94
STREAMLINE RELATIVE RELATIVE RELATIVE RELATIVE -
STREAML INE STaTIc sTaTre SLOPE STREAMLINS BLADE RELATIVE MACH TOTaL TOTaL FLOW
WUMBER PRESSUNE TEMPERATURE ANGLE CURV4TURE YeLOCITY VELOCITY NUMRER PRESSURE TEMPERATURE ANGLE
(Psp) {DEG R} {DEG! {PER IN) {FP5} (FP5) P31) {DEG R} {DEB)
1 38, T2Re 1458 42 1,528 -, 00000 S84 bas 936,516 JSp2? 46,9858 1533,2¢ -4%9,703
2 34 Tazg 1455 31 2,611 ~g 00000 a0k 903 1008 ,393 54932 47 2382 1531 94 -5 ,%6
3 2%, 7549 1452 87 3,711 -, 00000 &2s 727 1019,692 55598 47 4840 1531 ,03 =52,033
4 28.7701 145046 4.7 =s00000 6h4e169 1030482 +56229 47,7144 1530449 -53.096
5 3847887 1448,62 S.8)a «00000 4434275 1%40.870 56832 47,9406 1530427 =54y 07
& 38,7985 144710 6,837 +00000 582,087 1050,973 LSTAlE 48,1616 1530,34 w55 075
T adW8138 1445,88 T.448 «00000 Tpoeb39 1060874 +57989 48,3790 1539465 -se.sua
8 38.824) 1444 ,8g 8,048 00000 718,96 107g«H3R +58535 48,5%4] 1531.18 56,932
J abeB359 148398 9,838 «00000 7374090 1980298 +590R0 48,8075 15319 =57,708

*o STAQE 4 PERFORMARCE *e

STATOR ROTOR

PRESSURE PRESSURE STATOR ROTOR RoTaR STAGE
STREAMLINE sTaToR ROTOR LOSS LOSS plaDE ROW  BLADE RO¥ 1SENTROPI¢ ISENTROPIC
MUMYER FeacTiOn REACTION  COEFFICIENT cOpfFFICIeENT EFFicIeNeY EFFICIENCY EFFICIENCY EFFICIENCY
1 +60448 btz +09070 «0895, 192651 93202 293656 287915

2 . 63293 51528 «0R950 08289 092699 »92694 94017 +88574

3 +62016 259424 «08822 «0TTTY 92758 +94095 «T43203 189137

[ 82632 571775 » (8487 c0T808 »020829 «94395 W 74513 «89605

-] «63153 56510 «0B545 Y 92948 « 94609 «F45650 «8998g

[} *BI589 +55571 »0RB398 06989 92998 94752 WT4T26 90292

t #63959 254904 08248 06862 93089 94833 WFATAS 90529

L} « 54243 aShal] 0895 s06B1p +9318¢ «F4BB2 TS 196703

? 254475 +54255 07940 +06898 + 93289 94843 946357 <9p82p

% KASS=AVERAGED QUANTITIES @



STREAMLINE
NUMGER

DD AW,

STRE aML INE
MuuggR

SO ~NT AP W -

STREAML INE
kUMBER

Ralfal,
PCSITON
tiv

184600
13+0283
198708
10+ 0905
18,5910
1700744
17 +5agl
179974
18,4400

5TaTIC
PRESSURE
P51}

32,4724
32.HH04
3342297
335328
34.T984
aa,0328
34,2411
Faes2la
3445944

RalIal
PESITION
11N}

145000

HyS5=FLOW
FUNCT1ON
{LBN/SEC)

0400000
14:58T43
29437445
44205228
5A,74971
T3+43713
dBe] 2450

102.8119%
117,46%]

sTalic
TEPPERATURE
IpEG R

14090,38
1401,33
1402410
1402.78
1403441
Ls04,03

EETY LN x)

1405+23
1405.8a

MASSwFLOM
FuNC TGN
{LHN/SEC)

0.00000

STATCR ULADE«ROW EFFICIENCY w »9292%
ROTOR BLADE=ROW EFFICIENCY * 94408
STAGE WORK u 24,194 BYU PER LBV
STAGE TOTAL EFFICIENCY = «B9TTA
STAGE STATIG EFFICIENCY = +69084
STAGE BLADE= 70 JET<sPEED RATIO o AIBAT
aa STATOR EXIT = ROTOR INLET 5 #s
ABSOLUTE
MERIDIOHAL atial WHIRL ABSOLUTE MACH
VELOCTTY VELOCITY VELOCITY VELOCITY +NUNggR
tFPS] (FRS} {FPS) (FPS) camy
638,429 630,242 899,365 1la2+927 w61249
6304429 637,712 A63e13n 1073,585 »59599
638,429 636,99) 830sbps 1047615 #5814]
537,429 . 636,066 8014075 19244360 «56837
638,429 634,961 774,000 1903,328 55658
62380429 634.892 748,973 984,150 54582
638,429 6324276 TaS«67g 9664538 «535%
6384429 630,725 7034852 950,63 +52680
638,429 629, 089 83,294 #35, 180 .51830
STHEAHLINE RELATIVE
SLOPE STREAMLINE BLADE RELATIVE HACH
ANGLE CURYRTURE  YELOCITY vELOCTTY NUMBgR
LDEGH {PER IN) {FP5) {FPS}
1,528~ 9,00000 588,266 TiL,07t ,Ie8
214 ~y 00009 609,308 687,035 JAA140
3,645 =0 0000 A31e295 G6R.B1T 2377119
4930 =+00000 6524375 655,517 $36372
5.975 =,00000 6724665 babead] + 35859
6,985 692,265 640,942 35547
7,951 7114250 638,592 V35409
Ba910 71294887 538,95) +35422
9834 ~+00000 Tateb3) ba1e662 +35564
a8 sTAGE EXIT 5 %
ABSOQLUTE
KERIDLONAL AXTAL HAIRL AHSOLUTE MACH
VELOCITY VELOgITY - VELOCITY YELOCITY NUMBER
(FPS) IFPS) (¥PS} (FPS)
7114121 710,968 =11ne851 T19.799 < 40431
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ABSOLUTE ABSCLUTE ABSOLUTE
TOTaL TOTaL FLOW
FRESSURE  TEMPERATURE ANOLE
{PSI) LpEG R} (pEG)
41,4929 192,06 544649
4144850 14884)9 534542
4124705 1484,8y 52.515
41,4505 1481486 514550
41,4259 1473,28 Sp,636
21,3976 . 14171402 43706
&) 3662 1475403 48,915
41,3323 lk?a.;ﬂ 48,138
61,2962 1471 T4 47,367
RELATIVE RELATIVE RELATIVE
TOoTat TOTAL FLOW
PRESSURE  TEMPERATURE ANGLE
(PSTt (pEa R toEG)
36,0244 1434, 49 26,132
26,2258 1436 % 21,704
Ik A58 1835,8) 17,375
3b.6254 14354]8 13+]%6.
36,8253 TETR . ke
37,0263 1434 .98 3+ 5,114
37,2289 1435,36- F 1,307
37,4335 1435,99 25 L2e3kE
376404 1436488 22t =5,823%

e
k3
EA

ABSOLUTE ABSOLUTE RABSOLUTE

TOTAL TOTaL FLOW
PRESSURE  TEMWPERATURE ANGLE
{PSD) (DEG MY (DEG)
32,1588 1402448 wd. 803
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2 1he0ha 14e08734 Tole718 ToU.9T2 =1174197 T11e438 vh0021 3240959 1397.87 94452
3 1546141 29437467 692,553 891,086 ~12t.913 1034202 39601 3z.0327 1393.85 10,004
“ 1641515 44,06201 683,596 6ei1,205 125,381 594,992 #3979 31,9694 13%90,32 =10,426
5 16,6781 58,T4934 T4 819 671,323 =127,789 686,812 +38749 31,9069 1387,26 »10,778
5 17,1951 . 73,43668 666,202 651,436 «129,458 678,664 ,38316 31,8426 128458 «11,074
7 17+7038 BH+ 12802 6574725 6514540 =130s498 L 111 237878 3147794 1382.25 -i10326
] 18205} 102481135 649423069 B4].630 =131+016 2T 1Y 237438 31T 064 138p.22 =1 LeSk)
g 1Ha7000 15749869 Gh1e121 631.702 =131+10a #5442389 136995 3146537 1378:47 =11eT25
STREANL INE RELATIVE RELATIVE RELATIVE RELATIVE
STREAMLINE sTallc STaTIe SLOPE STHEAMLINE BLADE RELATIVE HACH ToTal 101aL FLOW
NUNgER PRESSURE  TEMPERATURE AHGLE CURVATURE  VELGgGITY VELOCITY NUMBER PRESSURE  TEMPERATURE ANGLE
{Ps1} {DEG R) ipEG! {PER IN} (FP5) LFPS) (PEID) iptc R} tpER)
1 2H,B3a] 1363,00 1,528 «00000 587,888 995,960 56008 35 4557 1438, 78 ~44 507
2. 24,8493 1359 29 2,643 LN0000 #10,761 1011,10% $bB?a 35,6877 1837,22 =46, 082
E] 26,8466 1356,15 3,731 +00000 633,056 1024 504 157698 35,9110 146,16 -7 530
N - 2848530 1353,51 4. 794 «00000 6544847 1937304 258476 3641270 1435453 48,875
5 2848594 1351430 5,835 =e00000 6764197 10494654 #59221 36,3376 1435429 -50.135
] 288457 130948 6,857 =400000 397159 10614659 +599239 365442 1435,39 51338
7 2848739 137,98 7.863 =a00000 717782 10734395 609635 36,7417 1435,85 524473
] 2887780 1346.77 8,855 =,00000 T38s108 19844922 Bl 364949] 143649 =53,562
9 25,8836 1385, 82 9,838 ~-,00UC0 758,173 1096,285 01978 37,1487 143784 -S54 o812

*a STAQE % PEARFORMANCE ®#

STATOR ROTUR -

PRESSURE PRESSVURE 5TaToR ROTOR RQTOR S5TAGE
STREAML INE sTaToR ROToR LDsS L055 gLADE Ro¥  BLADE RO¥ ISENTROPIC ISENTROPIC
WUMBER REACTION REACTION  CUEFFICIENT COsFFICIENT EXFIcIENCY EFFICIENCY EFFICIENCY EFFICIENCY

1 +80569 «T1328 BRI 402062 293024 93265 «93576 07291

2" 61529 0867949 « 08698 «08324 »93070 «93801 33970 +88051

3 v52334 65282 «08552 107756 +93131 2 Ja232 194284 +B870g

& «63007 «63194 08398 s07322 «93206 »F4572 « 94528 +85252

5 143568 +61584 08239 +06998 293290 »94833 4Tl WB3T1E

& B4026 280372 «08077 0768 293382 95020 +34821 «90097

T +G440p »594932 0TI LU »9388p +95128 «FABTA +«Spava

] «64697 +560%4 07749 206522 +93581 «95195 +94868 » 90623

9 64925 +58530 »0T5BS D649 «936086 *95195 94805 30779

9 MASS=AVERADED QUANTITIES ©

STATOR BLADE=ROW EFFICIENCY = «93312

ROTOR BLADE=-ROW EFFICIENCY 094628

STAGE WORK 241194 BTU PER LBM

=

STAGE TOTAL EFFICIENCY @ 189484

STAGE STATIC EFFICIENCY = 166479
]

STAQE BLADE= TO JETeSPEED RATIQ +43849



**% SPN01. PERFORMANCE SUNMARY (MASS«AYERAGED QUANTITIES) 4e

STATOH
SYaaE BLADE»HOY

24181
2 F294]
+33%65
«92929
093312

AR F LD e

ROTOR

BLAUE=RO¥
NUNBER EFFICIENCY EFFICiENCY

«91558
«#2528
33580
4408
940628

sTagg
WORX

tRTU/LBNY

244194
2ha1¥3
Fhal%h
24419
FLTPLTY

5POoL WORK

PORER

o
SPEOL TOTALs 10 TOYAL-PREGSURE RATED
- $PA0L TOYaLw= T STATIC=PRESSURE RAT:ig

SPOOL TOTAL EFFICIENGY

SPQOL STATIC EFFICIENCY
SPOOL BLADE% TD JET~SPEEp RAT10

2232

STAGE STASE
Tolst STATIC
EFFIoIENeY EFFICIENGY
2 #9090 »12086
~£ER83 « 71758
9412 « 70575
BV 74 69004
Y4 TV:TY MITYA
120968 BTV PER LBM
20110.04 HP
2443887
- Jegn72
«3{628
+Bh83T

STAGE
BLADE= TD
JET=SPEED

RATIO

w4786
£ 48855
»4F553
w4887
PYSTTY)
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¥t PRQOAAN TD2 » AERODYNAMIC CALCULATIONS FoR INE DESTon OF aXJaL TURBINES #4#

OPTINIZED FUOMR STAGE VERSION OF NASA LP

wey GENERAL, INPUT

NUMBER OF SPOOLS
SUMBER 0F SETS OF ANALYSIS VaniagLES
NUMBER OF STREANLINEg

Gas CONKTANT
INLET MASS FLOM

SPOUL AT REDUCED YIP DIAMETER

DATA ase

» 1

= i .
» 9

s D3,3%0n0 LWF FTALBN DEG R
= 31750000 LBH/SEC

@ TABULAR INLEY SPECIFICATIONS

naDIAL T0TAL TOTAL ABSOLUTE
GOURDINATE  TEMPERATURE  PRESSURE FLO¥ angLE
[FLH ings ) 2341 ipEa;
tae1000 1837,96 108, ZE5H Je213
144048 1837,%6 118.7913 s 37H
16+6865% 1837.96 109. 2804 5¢153
1449511 1837,% 10945758 Ee5892
1542020 1837496 1098839 Belln
15,4410 437,98 Li0.107§ Hx280
1546597 1837.76 t10.3232 82383
1848891 1837,9% 110.518% Gad)

1641000 1837, 11046913 6e393



&8 SPOOL INFUT DATA *ss

“e DESION REQUIREMENTS se

AOTATIVE SPEED = ABSEYD RPM
POWER QUTPUT = 20110400 HP

o ANALYSIS YARIAALES #s

-NUNGER OF STAQGES =

& POWER=DUTPUT S5pLIT »

FRACTION OF
STAGE NUMgER  SPOpL POMER QUTeUY

«26%00
28500
24500
. =23%00

G -

® SPECIFIC-MEAT SPECIFICATION #

OESIGN STATION KUNBER SPECIFIC HEAT
(BYU/LBM DEG R)

27500
+27500
27200
«27200
+26900
+ 6900
s 26600
«26800
226200

DoAY e

* ANNULUS SPECIFICATION ©

STATION NyUHBER AXIAL PDSITION HyB RAD1US
LIN} 116}

CASING RADIUS
[N

137



O OD NP -

"

TeBU00

940000
10.T000
12.4000
1441000
1548000
£7.5000
19,2000
20.900¢
22,6000
24,3000

1as0l50 15,7750
1441900 1641000
141500 le.4250
14s2000 18,7500
1402500 17.0750
1403000 1744000
143%00 17,7250
1424000 1840500
1404500 18,3150
1445050 18,7000
1448500 19,0250

@ UL ADE=RON £MTT CoNDITIONS @

STATOR 1

RAGLAL
POSITION
(IN)

155000

WERIOTONAL
VELACITY
GRADIENT

{PER SEC)

D00

WHIAL YELQCITY AT THE MEAN STREANLINE a

ROTOR 1t
RaCLaL
POSITION
{IN)

155000

STATOR 2
RADIAL
POSITION
35

140000

HERIDIONAL
VELOCITY
GRADIFNT

{PER S5EC)

=200400

MERIDTONAL
VELOCITY
GRADTENT

[PER SEC)

veldo

WHIAL YELOCITY AT THE NEAN STREAM_ IME =

HOTER 2
RADIAL
POSITION
(1H)
16,0000
STATOR 3

FERIDIONAL
VELOCTTY
BRADIENT

(PER  SEG)

=200400

RERIDIONAL

1021+0000 FEET PER SEC

9l4+0000 FEET PER SEC

138
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LR YELOGCITY
POSITION ERAGIENT
[315] tRER  KEC)
1645000 0400

wipla, YELGCIYY AT THE WEAN STREAN INE = 81720090 FEET PEm SEC

AoToR 3
VERIDTONAL
#ADLAL YELOCFTY
POSITION GRANENT
{IRY {PER SEC)
1645000 ~30000
FTATOR »
N VERINTONAL
RADJAL VELOCITY
POSITION GRADTENT
{IN} {FER  5EC)
17+0G08 202

WHIKL VELONITY AT THE MEAN STREAMLINE =  662e000n FEET PER SEC

#gToR &
FERIQIONAL,
RADIAL VELACITY
POSITION GRARYENY
{IM1 tPER  KEL)
170008 ~Z00e03
® BASIC INTERNAL L0S5 CORRELAYION *
TARPINLET ANULEY + TAN(EXIT ANGLE) 4 +0I0V0000 +  LISTRSSON e IV HATIONY® X500 IF IV RATION JLTs 440000000
sTINESS
wBYO00000 *  «BOQO0000 * COS{EXIT aNALE) U +p3500008 ¢ 15000000 #LIV RATION= o500)) IF 1Y RATIO) 0B« 80000000

THE PRESSUREwLOSS COEFFICIENT CONPUTED IN THIS MAGNER HAY NOT EXQEGD A LIKIT OF  2,00000000



STREAML IRE
NUmpeR

RADIab
PGSETION
i

+elgon
1% 43926
1% #fiby
L4548
190377
Theaiiha
15,4402
15,8171
1841000

R R LR

13

STREAML INE
NUNHER

sTatie
PRESYURE
PSS

Lp3.8p%2
Egl3.upa2
tod.toas
1038068
ladeN iy
1034368
103«lioas
1835005
153+¥039

WO AR L 1 e

STREAML IRE
HUNBER

RaDIial
POS1TION
tim

1 1A« 1800
F] JLYLLT
| 14,1585

HASSwpLOW
Funp T an
ILBM/SER)

T 3000
1483788
29431896
Abajb24n
SH. w992
T3en3Tay
54,1288

f02.81237
117.49985

STafte

TEMPERATURE

tDES ”)

(BiYe08
ae, 73
1814,93
18)1,08
1812233
1811.39
1219060
a2
183%.35

HaSSwpLOW
FUNGTION
ILHN/SECT

BaUQ0GO
14 6BTa
29,3749

SRE QUTPYT OF SPO0L DESTON ANALYSIS #i»

HLHIDIONAL
VELGLITY
teps5y

25%.073
539,114
Bby4)75
STT.014
5986
8014379
d1a,352
817,558
621,14

STREAHLINE
SLOPE
ANGLE
3111

1320
2.813
A.208
G533
hBO4
Ben32
Fe225
104388
114526

MERIpIUHAL
VELULITY
(¥PS}

G81.011
814611
583,811

% STATOR INLET 1 #%

AA{aL
VELDZITY
{Fps}

5ad,938
ExLYTY
549,662
57h. 22
586,465
595,479
602 2og
s07 427
&1 L35

STREAHNLINE
QUAVLTURE
{FER IN)

*3pBA%
+50491
[T1-$4- 11
*sjolel
L TLEL]
=+0761
e LONT
ws3}32%
wys 31599

WHIRL
VeLOGITY
{FP5Y

28439
AQeb]%
49.%03
GeeThq
614598
45.337
57,314
88.39
88,51

ABSOLUTE
VELOCITY
{EPSE

HoS.A8s
Sagetha
5630189
GBaesTs
S%4020
L04+8%5
513,854
621,328
baT.%68

#8 STATOR ERIT = RUTOR IRLET 1 *»

AALAL
VELOCITY
PS5}

%4},3%9
580,854
580,101

WiIRL
VELOCITY
{FPS}

1068010
JLLTYTY )
Lndd 051

ABSOLUTE
YELLCITY
trPs5}

1212.598
12040387
1198.120

EBSOLUTE
MACH
HUWyER

«E5500
126526
w2765
w28512
29382
$2FT23
g16%
30542
»3p0S4

ABSOLYTE
MACH
NURBER

. «BOT4E
W80510
80016

BASOLUTE
TOTaL

PHESSURL
[Fe3 4

108,219
108,7637
10921949
10%:5424
1098321
1300830
10,3080
tic.5081
110.6%30

ABSOLUTE
ToTaL

-FHRESSURE
13 1]

106,6929
197,2086
107.8223

ABSOLUTE
TOTAL
TEMPERATURE
tokg R}

“1817.%8
1837,94
1837,.96
1837,98
837,58
1837.98
1837,98
183T.%
1637,9¢

ABSOLUTE
TOTAL
TEMPERATURE
{pEa R}
1837,98

1837.98
1837.94

140

ABSOLUTE
FLOW
ANGLE
10ESE

J+213
[T k1]
S.aul
54628
Se03
fs2h]
8,376
Geb2]
6.292

AHSOLUTE
FLOW
ANOLE
st 23]

$]348

610156
50,942



OB -t

STREAMLINE
NUMBEH

D~ N LA

STAEAMLINE
RUMGER

LA IO LR N O TR

STREAML INE
NUNRER

D NI LN~

1240513
15,4374
156172
15+891%
15+1800
L LTLFLTT

5TaTlc
PRE5SURE
(P51}

83,9207
Be.bghn
85.4528
Bhe861]1
86,4387
#b:9763
87«a44R5
BT.9724
Bb et

Ravial,
PESITION
1L}

1*+do00
1445316
14,4587
15,1817
15,2011
19.8173
1441306
10ead1a
1647500

STATIC
PRESSURE
tPSI)

75,6817
157020
7547835
757839
75,9234
15,8625
TSe3004
79373

44,06230 481,611
54 ,Ta981 581,611
13.43720 LLITLTTY
UHal2472 5681611
loge¥217 581611
117449962 581,611
STREAMLINE
sTaTic SLOPE
TEMPERATURE ANGLE
{DEG R) {DEG)
1731,18 1,685
1732,862 2,922
1734423 3129
1735.95 5305
1737 69 6,454
1739,.4) Ten78
1781.07 8,880
1T42.67 9.761
1744 .21 10,023

MASS=+ L0V MERIDIQNAL

FUNCTTON VELOCITY
(LRM/SEC) {FPS)
U.Onoon 59g.002
142048692 584,475
29,37385 $T9.02%
ad 06077 573,640
54 TaTe? 568,317
13,43462 567,048
BH,12194 557,826
102+Bp846 5524546
117449538 547,502
STHEAMLINE
STATIC SLOPE
TEMPERATURE - ANAGLE
(NEG R) {pEe)
1691,38 1,885
1695,39 24873
1693, T8 44045
1692.4) Se203
1691,26 6,347
1690,26 7,480
1689.38 B.8n3
1688,58 .17

579,120
511,925
576,53]
S5T4,949
5734191
571.265

STREAML INE
CURVATUNE
(PER IN)

+00000
+00000
00000
«00000
+00000
«00000

+«00000
«020000

«00000

1832,669
10214000
1009.369
9974958
LT TYY
9Te.04

8LADE
VELOCITY
{FP5}

573,097
586,199
5984364
510238
62],035
6334183
64da303
685.215
565,935

&% 3TAGE EXIT

aAIal
VELOGITY
(HPS}

589,747
583,740
577,58)
571,277
56 833
558,258
551,589
S44,717
537,763

STREAMLINE
CURV,TURZ
(PER 1N}

T 00000
0+00000
G»00000
0.00000
Ge00000
0,00000
0«00000
0.00000

WHIRL
Vel QeITy
1EPS)

=250 4339
=263.554
«267,195
=26%,572
270,994
=271 ,6B4
=271,.78y
«271¢379
=2Toe 541

RLADE
VELOCITY
{FP5)

575,725
58917
602+43)
615527
628,477
44],295
#53+999
6464800

1185,191
1175,037
1164,945
1155407
1145.48p
11364189

RELAYIVE
VELOGITY
{FPS)

Ton,T08
46,801
1324737
718837
795,410
69z,6567
68p¢692
45894513
889,118

ABSDLUTE
VELOCETY
{FP5)

S84 4,987
0414149
637, 70n
533,82%
529,82
b5, 163
6204511
615468}
©10.697

RELATIVE
VELOCITY
(FFS)

10214648
1033.804
1044, 757
1954s T30
1963,97)
19724639
1083.84%
19884679

59448
«IH949
#5844
«5789¢
«57384
«5589%

RELATIVE
HACH
NUMBER

368235
«37520
+ 36797
«26080
+35339
+ 34733
s34]118
»33540
«33005

ABSOLUTE
HACH
NUMpER

232634
+ 32504
32345
32161
L1959
WA1Te2
31514
«J]1270
+31029

RELATIVE
HACH
NUMgER

21766
WS2411
«52991
»535]9
«S4008
«S4462
«54093
«55104

107,9612
108 ,2465
108, 4946
108,788
108.9163
109.099%

RELATIVE
TOTaL

PRESSUAE
(PS])

92,3956
9z,8212
9342051
9345516
93,8736
94,1708
Vu447p0
94,7531
95,0277

ABSDLUTE
ToTal

FRESSURE
PSS}

81,193%
d).1%23
81,1810
B1,1611
81,1344
81,1028
41,0659
8140257
HBg.9820

RELATIVE
ToTaL

PRESSURE
PSI}

90,149%
445877
90,9915
9143670
91,7205
92,0571
92.3800
.62

1837,96
1837,98
1837,96
1837496
1837:.96
183796

RELATIVE
0TaL

T
TEMPERATURE

{pEa R}

1773,20
1773.]12
1773.22
1773448
1773,83
17T4.25
17472
177522
1775, 76

AUSOLUTE
TOTaAL
TEMPERATURE
(pEG R)

1727,.81
1725,57
17a3,62
1721,9
1729,37
1718,96
171765
1716441
1715.2%

RELATIVE
TOTaL
TERPER, TURE
(DEG R)

1771,99
1773,88
1773090
17T4.09
174,38
1774,74
177515
1779460

141

60,716
60,488
60,266
604053
S948%50
59,860

RELATIVE

FLOW
ANGLE
toEG)

40,144
18,2385
3Te524
364108
34,5232
33.124
314596
3¢, 052
28,495

ABSOLUTE
FLOW
AMGLE
toEG)

223,656
244299
w2 B26
25,262
«25,63]
25,951
26,232
«264481
wabeTgb

RELATIVE
FLOW
aNaLE
(DEG)

54,737
«85,608
85,409
“£74160
-57,873
58,556
~39,21%
.25y



STREAMLINE
NUMQER

DB~ TN~

FEPY IR

STREANLINE
MUNBER

OE~CO P LN -

HAUIAL
PESlTION
(B¢}

1442500
140394
19056)
15,3816
§5,7387
16,0829
16,4209
1647514
17+0750

1687 47

sTaTaoR
REACTION

42047
shABE9
hT181
48487
250855
«51925
«53144
oSa282
«55234

HpS55=FLON MERIDIONAL

FUNCTION
tLev/sEC)

Qedy00d
Je.88738
29,27468
44,06202
58,7498
TI3.43670
A8, 12604

1092481138
117445872

10,823

RoToR
REACTION

«To3459
«72238
«7013%
«58153
64300
(64576
»62977T
51498
00129

d,00000

679,112

i99s,175

*9 STAQE 1 PERFORMANCE #¢

STATOH ROTOR
PRESSURE PRESSURF STaTOR
LOSS LOSS BLADE Rnw
GOEFFICIENT GOEFFICIEAT EFEISIENCY
« 06665 «18305 +24579
«06840 #1581y . 0427
«yTpod +1531y +94308
e0T145 «14819 «34200
«07270 2)4&350 «94093
«07367 13913 +94000
+07500 «1351) 293902
w761] e13147 +938p5
07721 12817 »93709

* MASS=AYERADED QUANTITIES o

STATQR BLADE=rQ¥ EFFICIENCY
ROTOR BLADE«ROW EFFICIENCY

VELORITY
(FPS)

572,102
$72e102
572107
ST2.102
572,102
5724102
572,102
5T2.102
572102

STAGE WORM

STAGE TOTAL EFFICIENCY
STAGE STATIC EFFICIENCY
STAGE BLADE= 70 JETgPEED RATIC

«94111
+89309

55696

ROTOR

BLADE AOM  ISENTHOPIC
EFFICIENCY EFFICIENCY

87670
+88g85
«0B8522
+88955
+89358
29757
0119
«Fpase
« 70781

324056 BTy PER LBM

«BT465
272093
24188]

48 STATOR €xIT « RDTQR INLET 2 ee

Ak1aL
YELUZITY
tFPS)

571,855
5714347
570,593
669,615
568,43)
547,050
565 609
563,79
861.925

WHIRL
VELOCTTY
(FP5)

1po6el6y
"qBg«5T
954 4856
934 ,Tap
914,000

B9A,887 "

A7s,983
B58.+432
LLTRRST

AMSOLUTE
VELOCITY
tFP5)

1157437
1135264
1114344
1095,919
1078, 284
1961,77%
V86,253
1931605
101773y

ABSUOLUTE
MACH
NUMBER

«59854
«58680
+5T600
+36598
35600
4794
53975
+53203
«52473

93,9981

ROTOR

92745

ABSOLUTE
ToTak

PRESSURE
P51

79,4983
79,4661
79.5112
79,5451
79,5698
19,5067
79,5969
79,6033
1946504

1776,0%

STAGE
1SENTROPEC
EFFICIENEY

«BE238
»Be832
85864
«87197
87517
.87619
«B8101
88362
«888p1

AHSOLUTE
TOTAL
TEMPERS TURE
(DEG Ry

1727.823
1725.59
1723463
1121,
1720,37
1718,98
1717,64
1716441
1715428

142

80,476

ABSOLUTE
FLOW
ANOLE
{0EG)

603886

£9.772
59,192



STREAML INE
NUNBER

ST~ U -

STREAMLINE
KUMgER

C-X I B P APy TR

STREAML INE
NUMYER

o= U R

§TaTlc
PHE SSURE
© IPS1)

ec.v32d
63+5339
t4s0170Q
G4+ 5705
&5,0212
6544346
658152
6b,1670
66,4931

Radlal
POSITINON
LINY

1423000
1%«707H
15.1079
15,5019
15,8903
1be27al
160520
17-0281
174000

STallc
PRESSUNE
tPs1)

54 T28F
54,7800
G4 8209
5418755
B 09198
5449019
55,0017
£9.0393
SLe 0749

5TaTIC
TEvPERLTURE
tDEG R}

1029 a7
1630,96
103438
1633473
1635,00
1636,.18
1637427
1634 ,27
1639 20

Ma55=FLOW MERIpDIONAL

FUKETION
(LUM/SECY

Oe0¢000Q
14,6H06)0
2937219
A& 5829
58,74438
T3ea3048
BH,41165T

102.80268
11748875

sTalic
TEMPERATURE
1DkG R]

1982,19
1579,67
1577.51
157585
1574409
1572, Ta
1571,56
1570.52
156981

STHLAMLINE
SLOPE
ANGLE
{DEG}

1,685
2e94
49163
bhedab
6,494
T.614
8,707
9,778

10,423

VELOCLITY
{FPS)

6]13.132
bp6 e300
599648
593,101
588,627
580s236
573.%0
467,604
561 sa85

STREAML INE
SLUPE
ANGLE
(pEG)

10823

STHEAML INE
CURVATURE
{PER N}

-, 00000
~+00000
=+ 00040
=, 00000
-, 00000
=+00000
=, 00000
=,00000
=,00000

BLAVE
YELOCITY
{FPS)

57714757
5934539
69B+81)
62300625
838,034
h52.068
6652760
879,167
#92,289

¢ STAGE EXIT

AXTaL
VELOCLTY
tFPs)

612867
505,57}
598,158
590,634
584,003
575h.268
567 4434
559,502
5514478

STREAML INE
CURY A TURE
(PER IN)

«00000
«00000
«00000
+09000
+00000
«00000
«00000
«0000¢
*0pooe

WHIRL,
VELOCITY
(FPS)

~301+07]
~306+093
-a99.65
.291,953
=295 698
2924852
=289 ,575
=285 ,96s
=2B82.071

BLADE
VELOCITY
(FPS)

579,779
5¥6,301
8124532
£284567
B4k 255
659807
675,172
690,387
T05 485

RELATIVE
VELOCTTY
{FPS)

f1a,727
695721
862,655
651ep24
©35,185
6214335
609,500
599.53[
991.293

AHSOLUTE
vtLocITy
tFPs]

BB3.063
6764007
bTte36T
663,748
556,938
649951
baz4824
035.624
6284340

RELATIVE
VELOCITY
(FPS!

1073,232
1082,707
1091641
1100+0569
1107989
1115448
1122.551
1129,2381
11354998

s STAGE 2 PERFORMANCE ##

RELATIVE
HMACH
NUMBER

<6960
«35702
1590
+33632
32791
232065

ABSULUTE
MACH
NUMBgR

«3577%
+35480
«35166
+I4639
L34499
v38147
«33786
w3388
«d3gés

RELATIVE
HACH
NUMBER

L6216
IBT758
57265
#5TT41
50188
«58403
58998
59317
«59742

RELATIVE
TOTAL

PRESSURE
{PSEY

68,8791
69,1226
59,360

64:5925
89,8221
To.0s89
70,2732
Tq, 4979
70,7213

ABSpLUTE
TOTAL

PRESSURE
{PSI}

59,5824
59,5548
59.5p13
59,4824
59,4182
59,3891
£9.3362
59,2803
5922148

RELATIVE
TaTal

PRESSURE
(133

57,2836
67,6093
et.%192
EBa2]1b
68 o424
68,7567
69,0095
69,2529
65,4886

RELATIVE
TOTaL
TEMPERATURE
(pEe A

1666.98
1665.99
60543

66#-33
1664 62
1684,.53
1664455
1664 656
1864 87

ABSULUTE
TUTaL
TEFPERATURE
(oFe R

1616.83
1512,67
lslo.ay
1648 37
1606 11
1604¢10
160224
1600451
1598492

RELATIVE
TATaL
TEMPERATURE
foge A)

1667, 7p
1686,Tg
1665,98
1665.5]
1605.23
1e68.1¢
3665,11
1685,21
1685,.42

143

‘RELATIVE
FLOW
ANGLE
[3414:3}

36,839
344114
3;-352
28.843
25,898
23148
20.39)
17,639
14 ,89)

ABSQLUTE
FLO®
ANGLE
tEG)

-26,163
26,407
wa2be609
«26,77Y
-26,894
26979
=27+026
=27.072
=a7.089

RELATIVE
FLOW
ANGLE
{pEG)

=55,17]
55,378
58,745
=57,403
-30,19}
“88.874
-£9,%537
-60,18%
=80e820



STREANLINE
NUMHER

GESINS W e

STAEAMLINE
KUMHER

LR Y

STREANL INE

KIHBER

EENPE P WG -

AaUial
POSITION
tIN)

1%+3500
14+B228
15.2771
15,7155
16,1401
1658521
169528
173435
171250

sTatic
PRESSUHE
P31}

46,699}
(YO LLX]
473838
47,9559

ROTOR

STABE

BLADE RO¥ TSENTROFIC ISENTROPIC

o F140E
«22001
22453
32349
293178
193440
+93845
«938p1
+93915

ABSOLUTE
TOTAL

PRESSURL
(PSI}

S8.232%
58,2668
58 293:
58 3g8
53‘3257
883315¢
56,3077
58,2952
68,2777

RELATIVE
TOTAL

PRESSURE
PS1)

50,9339
51.1617
513652

185162
«¥5853
«86487
+8705%
«87560
«8T99p
»88359
08574
o28942

ABSOLUTE
TOTaL
TEMPERATURE
foEG RY

1616,63
1612448
1610,80
1608 37
1608,13
1604409
1602223
1600.5]
159849y

RELATIVE
TOTAL
TERPERATURE
(oEG RY

1562,%8
1561406
1559.9)

STATOR R/ROTOR
PRESSUHE PRESSURE STaTor ROTOR
sTaloR RaToR 085 BLADE Row
REACTION REACTION CU:FFICIENT cOEFFIC!ENT EFFIcIENCY EFFICIENCY EFFICIENCY EFFICIENCY

255847 «66595 » 10833 «13425 91527 «H9414

SusTé «03796 10632 12504 191483 «90596

57201 kY 10817 «117t0 91452 91204

+«57835 «59199 10190 11050 91435 «91734

56391 5728 +10754 210518 «91427 2176

RYLLT #55703 lo7l0 «10100 291427 »92532

«h9308 +54296 210660 +09T78 « 91434 92815

«59082 «53085 10603 +09529 +9]1448 «93p38

«60006 +52051 «10541 09308 291466 +93z208

+ MASS=AVERAGED QUANTITIES «
STATOR BLADE=RQW EFFICIENCY & «91480
HOTOR HLADE=ROW EFFICIENCY = +91557
STAGE WORK @ 30,847 BTy PER LW
STAGE TOTAL EFFICIENCY = »87380
STAGE STATIC EFFICTENCY ® 10384
STAGE BLADE= 10 JET=-sPEED RATIO © 43227
o STATOR ExIT - ROTRR IKLET 3 se
ABSOLYTE
MaASS#FLUN  HEKIDIONAL ARTAL WHIRL ABSOLUTE MACH
FUNCTION VELOCITY YELOCLTY YeLOCITY VELOCITY NUMBER
(LyM/SEC) {FPS) {FpP5} {FPSY (FPS)

2200000 SA9.792 589,537 9184977 109]¢959 .58)97
14488733 BB9,792 589,003 ASn. 1Ty 1067829 +56B97T
29,37466 589,792 580 _p12 B63,85, 1045988 20722
44 ,06200 589,792 5875 Ja%2 839,576 1025,032 565&9
58,74933 589,792 565 964 817,000 1007 ,643 53660
TA.436566 589,792 S84, TeaT 7954892 990 +573 .527.3
88,1399 589,192 582.955 7754926 Feeb3b «51086
162+81133 589,792 5814203 7574061 959,685 +51p83

1174498638 5894792 579.30) 739122 9454598 «50327
STHEAML INE RELATIVE

sTaTIg SLUPE STREANLINE BLADE RELATIVE MACH
TERFENATURE ANGLE CURVATURE VELOCITY YELOCITY NUMBER

(DEG &) {DEQ) (PER IN} {FPS5} (FPS5)

1528,31 1,685 e 10000 581,806 619,366 36207
1529.03 Ze904 =« 00000 800967 6554882 +35¢01
152905 49195 =+4D000 619:393 G38s440 «34012
1530.22 5,382 =«UQ000 £37.173 621,555 «33212

51,4056

1559 .08

Thiy

ABSOLUTE
FLOW
ANGLE

{DEO)

57.319
56,508
55,748
35.03)
§4735)
!3-703
534082
52488
514912

RELATIVE
FLON
ANGLE
10EG)

29,768
264151
224567
19.m9



DT~ Y

STHREAML INE
NUNMYER

LN R N R AT VN

STREAMLINE
NUNBER

LI RE R ENRL TR g

4822519
4805540
4B 8879
49,1173
49,3453

RaDlak
PESITION
(IN}

1444000
14+4888
19.3609
15,8267
16,2842
1647304
1741783
17401064
1B.0500

sTalic
PRESSUKRE
s}

39,0393
39,0558
37,1478
3V 196
39,2417
39,2829
393232
a9.3899
19,392

STREAMLINE

KUMHER

W e

130,75
1941425
1531, 71
1532,13
1532,53

MsSS=FLOM
FuNCTION
{LBH/SEC}

G+06000
t4.68T20
29.37440
a4 06160
56, T4l79
TA.42599
gH.12318

1oP+81038
117149757

sTalTic
TEMPERATURE
{DEG R)

1467 ,39
1454,35
J451,17
1457.58
1~51.?3
1856,15%
145479
1453462
1452 62

STaToR
REACTION

62554
«£3382
«64089
bh891
, «h5198

6,532 =2 00000 656383 o1l«&00 32590 5148237 154A,54
Ta6a? =, 10000 aT1.087 olzeBAs 32090 5240411 1558.23
8,73z -, 00000 687,335 496,408 31751 52,2579 1558,11
9,790 - 1000 T03,17a 592,249 31528 52,4751 1558,17
10,823 -e 00000 T1Bab64p S90.147 P ITY S52.5933 1558,39

a8 STAGE EXIT 3 e

- ABSOLUTE AHSULUTE ABSOLUTE

RERIDIONAL AXfal WHIRL ADSOLUTE MACH ToTaL T0TAL
VELOCITY YELOCITY YeELOCITY VELOCITY NUMBER™ PRESSURE TENPERATURE
LFPS) (FP5} {FPS} tFPS) [12:34] (pEG RY
bLZ D 662,134 *331+5% Tage78y Y el 43,4670 156,58
b54.323 653,485 =328.69n 1324240 «39791 43,4332 1504 .80
bat, 405 Haa 758 =325,019 123,517 +3935%2 43,3923 1501,07
638,542 635 95T =320,745 710.680 238901 43,3450 1497 ,93
631,018 627,083 316,197 105,607 38442 43,2948 1495,13
623514 &]1Y,138 =311s379 096204 «37980 4342406 1492.61
6164116 609,322 23064435 8884105 231516 43,1845 1490218
60R.8]1 5004039 =3p]1+359 679,314 «3705) 43.1265 1488.28
60] 587 599,886 =296s 243 6704572 «36507 43.0670 1808,38
STHEAML INE RELATIVE RELATIVE RELATIVE
SLOPE STREAMLINE BLADE RELATIVE HACH T0TaL TOTat,
ANGLE CURVATURE  VELOCITY VELOCITY HUHBER PRESSURE  TENPERATURE
[GEG) {PER [N] tFP5} {FPS] (PS1) {pEs R}
1,585 L00000 563,833 1129,960 JB13s] 49,9037 1543 ,25
2.%01 +00g00 303,53 1138,938 «618%2 50e190% 1561.74
44091 »00000 522.7% 11474253 «62399 Sge#58p 156p,59
Se257 +00000 641077 1155078 62872 50,7097 155978
G 02 «00000 660,225 1162,57¢ £8332¢ T 50,9497 1559 ,2q
Tes29 «00000 67848, 11694868 53752 51,1807 1558.90
Haba) *Q 83 6964876 1k7Tep25 vbayt2 51+405% 1558.8 8
9,738 .088 T14e247 1 iBas+108 16454 516253 1555 ]
10,823 +00000 731,819  1191.142 1649%0 51,882 1559,14

*a» STAGE 3 PERFORNANCE e#

STATHR ROTOR -
PRESSURE PaESSURE S5TaTgR ROTOR RQTOR STack
ROTOR LOS5S gLAGE RoW  BLADE ROW ISENTROPIQ ISENTROPIC
REACTION  COEFFICIENT chFFlctENT EFEICIENCY EFFICIENCY EFFICEENCY EFFICIENCY
60123 +11687 +10091 +908Ty «92500 192711 JB5228
57675 «11582 +» 09387 +90R9} «F2040 253180 26978
55850 11464 2060813 +90927 «93473 +92548 AT807
+53764 «11337 208408 90977 293802 +923825 58139
“&PRDA 11198 Lm0 91010 +940RR 04015 RARRQY

AGSOLUTE
FLOW
ANGLE
(0EG)

=28,802
=ak,701
28,752
-26,767
«28,75%
«284736
=2biTos
=26.067
262627

RELATIVE
FLOW
ANGLE
(DEG)

=54, 122
=S4,9Tp
=55,7Ta
=S564545%
=57 ,299
~584016
=E8,727
=594423
=60,112
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s 65614 51531 iloo o788y wsiiie JSazie 94187 BeIrs
7 »65956 50671 « 10895 07724 9119 «24279 +943288 29297
8 66232 50017 «l0735 «0762] «91283 BITTY «T8I43 89583
9 6Basd +49545 #10571 «07564 +91374 »94512 34350 99778
-
@ HASS=AVERAQED GUANTITIES »
STATOR BLADE-ROW EFFICIENCY a +91068
ROTOR BLADE=ROW EFFICIENCY = 93872
STABE wORK = 29,637 BTU PER LBN
STAGE TOTAL EFFICIENCY = +88393
STAGE STATIC EFFICIENCY = «68308
STAGE BLADE= 70 JET-gPEED RATIN = YY)
&% STATOR ExIT o HOTAR INLET 4 e
ABSOLUTE ABSCLUTE ABSOLUTE ABSCLUTE
STREAHLINE Hallal HMaSS=FLOV¥ MERInIONAL ARTAL WHIRL ABSOLUTE HACH TOTal TOTal FLOW
WUMggkR PeaITion FUNCTION VELogITY YeLoclty YeLOGITY "VELOCETY NUMgEgR PHESSURE  TEFPERaATURE ANGLE
1IN (LEM/SEC) (FPS} iFPs) iFPSY tFPS) (PSIL fpEG R} (QEG)
1 180000 fr+00000 458,440 65,162 990375 1189,2823 +68940 42,2945 1508,59 S6.3%
2 158128 14 «bBT23 658,446 657,547 9534319 1158+5%99 +647394 4203272 15048) 55404
E] 15+5482 2%e STA40 658,446 650,643 9200019 1*31.365 62768 4242469 150;.33 544404
[ 160813 ke DBl69 658,446 655,465 AB%, 74 1i0e4900 +61388 4243560 149%,93 334621
s 16,5547 - 54 ,74892 658 4ab b54 102 862,000 1084 ,71¢ L60139 42,3565 149513 %2808
& 17+0310 73.43615 6560480 652.519 8364321 10640817 +58998 42.3498 1492,6) 82,038
T 174920 Hh.12338 650,486 650,753 R12e4qy 045,727 +57948 42.3372 1499.33 S1e304
4 179398 107.8]08] 658.446 bal,Bp0 789.983 1928408 «569T6 42,3198 j488.26 50403
9 14,375¢ 117,49784 85B, 446 bas 734 768 855 1012,280 56070 42,2981 148638 49,931
STREAMLINE RELATIVE RELATIVE AELATIVE RELATIVE
STREAMLINE STaTlg STATIC SLOPE STREAML INE BLADE RELATIVE HACH TOTAL TOTaL FLOW
NUMBER PRESSUKRE TEFPERA TUHE- ANGLE CURYRTURE YELOCITY VeLOCITY NUMBER PRESSURE TEMPERATURE AMGLE
BS[) (DEQ WY {DEGY (PER 1M} {FPS) (FP5) (1278 (pEa R) (DEG)
1 31,8838 1402 ,40 1,685 w, 00000 585,86 172,176 el 36,0018 1447 .23 31,575
2 22,3482 1403,82 2,99 =, 00000 [ LT 143,192 Al248 36,2110 1445,29 27,66)
3 22,7597 1404,93 4,241 =+40000 6304385 719,333 +39997 36,4165 143,82 23.801
4 Ase1227 1#05,95 5,438 =s 00000 5£51¢18R 1904335 «J8840 16,6176 1442, 77 204000
5 A3enal 1406,79 6,585 ~e 00000 6714195 485,535 228008 36,8165 1442, 08 164262
[ 3347273 1407,55 Te694 =4 00000 $90504 5744399 «372380 37.0143 1441089 12597
7 33,9814 1408,23 8,767 00000 109,197 466 485 236933 ar,2118 144158 9,012
a 342101 1408 ,88 ¥.809 =+ 00000 T2Te342 8612419 «356644 374099 1481, To G514
9 ek 68 F40T 044 10+823 =«00000 T44.998 658,878 236498 37,4090 1442400 24112

*& STAQE EXIT 4 *»



STREAHLINE
WUMBEH

oW LN -

STREAMLINE
NUMBER

P-E B R AL E ER Y U

RaGIal
PCHLTI0M
(IK]

1%+3000
1906586
15+6164
16,1543
15,0809
171918
177057
18+2061
18,7000

5Malic
PRFS5URE
(P51}

27,7842
274453
ELELIED]
27482380
27,8513
27+8679
27.86,8
278950
27,9078

STREAMLIANE

AUFpER

DE NPT P el

HaS5wFLOQ
FUlCTION
tLHM/SFC

0+ Q0000
14488728
29437451
a4 ,048177
57, 74903
7343629
BH,1235%
10281080
117.49B808

5Tallc
TEMPERATURE
tUEG R}

1360,35
1350,22
1352.68
-1349.04
1347 03
1344,8p
1382.99
1341 .27
1339,.%

5TaToR
REACTION

+h228H
«63200
«5395]
ehdSH4
«65089
«05476
+45302
+84055
+50244

MEREDEANAL
YELOCETY
(FPS}

734.20%
124.78)
7154802
fob,637
697 861
LYY
68p.78]
6724440
6hke20%

STREAHLINE
SLOPE
ANGLE
{pte}

1,685
2.915
o114
Se284
6,43p
To558
L]
P.7a8

lo,823

ROTOR
REACTION

« 72191
+68558
65594
*63178
61218
59645
«58403
45T4aS
*56731

AKlal
VELOCITY
irpst

733,891
Ta3.da3
713,758
703,634
694,47}
683,267
874,020
6624730
652439

STREaML INE
CURVATURE
{PER IN)

200000
00000
»0ga00
+0a000
< 00U00
«2 00000
*« 010000
=4 00000
=.U0n00

WHIRL
VELOCITY
(FP5}

=191ell0
=195.28A
=197 .84y
=199,135
=199 ,473
«19%+059
=198+024
~196e487
w194 455

BLADE
VELOCITY
(FPS}

5at,88n
B1l0e82y
£33.152
8542959
674,399
49T, 259
7174458
TiBa}ag
758,173

9% STAQE 4 PERFORMANCE ®#

STATOR
PRESSURE

»11238
11077
o902
s10717
10527
«1033%
«10}4)
209949
« 09757

ROTOR
PnESSUwE

+10694
« 09792
+09078
« 08504
« 08054
«07798
+07454
07284
07172

ABSOLUTE ABSOLUTE ABSOLUTE
ABSOLUTE MACH TOTAL TOTAL
VELOCITY NUMgER PRESSURE  TEMPERATURE
{FPSY iP5} (pEG R)
-158.673 242661 31.3721 1404,22
1504630 42273 31,3236 1399.11
TaZeasB 241857 3l.2720 12%4.49
134,169 JHLAAG 31,2181 1394,72
128,809 41015 3),1822 138718
7174418 05T 3141050 1384403
TpB,997 40126 3140465 13681.21
Tppe558 «39673 3p.9872 1376.628
693,115 #3915 30,9272 137641
RELATIVE RELATIVE RELATIVE
RELATIVE HACH T0Tak 10taL
VELOGITY NUMBER PRESSURE  TENPERaTURE
{FPS) {PSIH (DEG R)
1670.,467 200194 35,2488 1447,7p
10844029 Bipad 35,5038 1445, 19
10964650 61841 3547451 14804435
11084518 »Oz500 35.77ab 144330
1119,823 RETLT 36,1957 1442 62
113o-ﬁ36 263547 36,409+ 1442435
11414185 oBa5Be L6170 1442018
1151399 065204 36.8197 1442432
1161 ,403 MCLTT T 37,0189 1442 .74
STaToR ROToR ROTOR STaGE
LOs LOS BLADE ROW  BLAUE ROW ISENTROPIC [SENTROPLC
CDEFFICIENt COEFFICIEHT EFFI:IEN:Y EFFICIENCY EFFIcIENCY EFFICIENEY
«915812 «9238b 32676 #8520
«91550 Y2992 «93180 «B6110
91608 «93531 293605 86908
291684 +93975 «93957 +HT604
31770 «94335 2 F424) «08z208
+9188s 194616, 2 T4459 +38724
91564 74822 «945]11 89158
92069 + 74959 «I4TO2 05508
«92ITT 95038 +94730 Ml

¢ MASS=AVERAGED QUANTITIES &

147

ABSOLUTE
FLOM
AKGLE
(DEG)

14,595
“154099
=15.493
-1%,802
w16, 048
wlba243
=15,4396
164514
=16.608

RELATIVE
FLOW
ANOLE
(DEQ)

48,748
48,078
=494340
=X0s517
«51,627
523682
=33.6%
“54.480
=55 ,598



STATOR BLADE-ROW EFFICIENCY
ROTOR HLADE=ROW EFFJCIENCY
* STAGE WORK
STAGE TOTAL EFFICILENCY

STAGE STaTIC EFFICIENCY
STauE DLADE= YO JET=SPEEDR RAT10

2179
«945158

284427
+BTI04
165529
+4595s8

81U PER LBW

148
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o9+ SPOOL PERFORMANCE SUMMARY [MASS=AVEWAGED QUANTIYIES) ®#s

STAGE

STATOR ROTQR STAGE STAGE BLADE= T0
STAGE OLADE=RCW  HLADE~AOW STAGE ToTaL STATIC JET=SPEED
NUMBER EFFIcIENCY EFFICIENCY WORK EFEIciFHeY EFFICIENCY RAT2O
taTu/LaN}
1 W98111 $89309 324054 s8Ta85 «T2093 ab1881
2 *91450 «91957 30.8aT «B87380 +«To3rs 43227
3 «91068 93872 294637 «BH39) «6B308 44519
L] 291794 « 94115 28e427 «BT304 66529 245958
SFOOL WORK = 120968 BTU PER LAM
SPOOL POMER = 2U110,04 WP
SPUOL TOTAL= TO TOTAL.PRESSURE RATIn = J,%2111
SPOOL TOTat= TO STATIC=PRESSURE RATIO &  3.9381s
SPOGL TOTAL EFFICIENCY = 189176
SPQOL_STATIC EFFICIENCY w «A2993
SPOUL BLADE= TO JET=SPEED RATIO = +239599



## PROGRAM TD2 - AERODYNAMIC CALCULATIONS FOR THE DESIGN OF AKIAL TURBINES 8¢

GPTINIZED THREE STAGE VERSION OF WASA P SPOOL AT REOUCED TIP DIANETER

#se GERERAL INPUT DATA w»ee

NUMHER OF SPOOLS = 1§
NUHBER OF SETS OF ANALYSIS VARIABLES » 1
NUMBER OF STREAMLINES = 9

GAS CONSTANT ¢ 23,3500 LEBF FT/LBN DEG R
INLET HASS FLOw = 117+50000 LBM/SEC

* TAGULAR INLET SPECIFICATIONS »

RADLAL
COURDINATE
{IH)

14,1000
14,4048
1448665
14,9511
152020
15+48]10
1546697
15,9891
1641000

T0TAL
TEMPLRATURE
(pEg RY

1R37,96
187,96
1837,9%
1837,96
1837.96
1837,96
1837,96
18371,96
_1831,98

TOTAL ABSOLUTE
PRESSURE FLOW AHGLE
(PSI} toEs)
168,2258 34213
1n8,791d 4=376
1n9.2293 5153
1n9,57s8 5.682
109.8619 60036
110.1072 64260
110.3232 84382
110,514% Ba%21

110.893¢ [ TxLF]
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*0® SpO0L INPUT OATA %ea

*» DESIGN REQUIREMENTS s«

ROTATIVE SPEED ®  Ab46e0 RPN
POWER QUTPUT = 20110.,90 HP

&% ANALYSIS VARIARLES ®#
HUMBER oF STAGES = 3

* PONER=QUTPUT SPLIT =

FRaCTIUN OF
STAGE NUNgER  5POgL POKER QUTPUT

1 «32333
F 33423
3 433433

» SPECIFIC.HEAT SPECIFICATION

DESIGN STATION NUMBER SPECItIC HEAT
{BTU/LEM DEG R)

«27500
#27500
#7100
+£7100
«€6700
126700
#L£0200

~ TR P WM

® ANNULUS SPECIFICATION &

STATION NUKBER AXIAL FOSITION HUB RADIUS CASING RApIUS
tENY 340} (IN)
1 7.5000 1440750 15,6687
2 9,0000 1441000 16,1000
3 11,0000 18,1667 16,5333



STATAR 1

QE~dP»

13,0000
15,0000
17,0000
19,0000
21,0000
23,0000

& BLADE=NOW EXIT CONRITIONS o

VERIDIONAL

RADIAL VELOCITY
POSITION BRADIENT
3L} (PER  SEC}
1540000 G000

142434
14,3000
1443087
1444334
14,5000
14,5657

18,9667
17,4000
17,8333
18,2687
18,7900
19,133

WHIRL VELOGITY AT THE WEAy STREAX INE =. 120040000 FEEY PER SEC

ROTOR )

STATOR 2

FERIDIONAL

RADIAL VELOCITY
POSITION GRADIENT
(I8 (PER  SEC)
15.0000 =200+00
VERIDIONAL

RAQIAL VELOCITY
POSITION SRADIENT
(IN) {PER SEC}
1690000 Ge00

HMIRL VELOCITY AT THE MEAN STHREAMLINE =

RAQTOR 2

STATOR 3

MERIDIONAL

RARTAL VELOCITY
POSITION GRADIENT
(IN} (FER  SEC)
1640000 =200.00
MERIDINNAL

RAOIAL VELOCITY
POSITION ARADIENT
(IN} (PER  SEC)
170000 0400

fo90:0000 FEET PER SEC

152



WHIAL VELOCITY AT THE MEAN STHEAMLINE w 11900000 rE€T PEw SEC

ROTGR 3
NERIDIONAL
RADLAL VELOCITY
POSITION GRADIENT
(INY tPER  SEC) -
17.0000 =200,00
@ BASIC IMTERNAL LOSS CORRELATION &
TAMTINLEF ANGLE) « TAN(EXIT ANGLE!} [ +03000000 o 15725500 & {v RATIO)®# 3,40}
STIHES# ~ - A
«60000000 * +8000000¢ © COS(EXIT ANOLE) [ «0%500000 ¢ 15000000 #{iV RATION= ,600))

THE PRESSURE=LOSS COEFFICIENT COKPUTED IN THIS MANNER HAY NOT EXCEED A LIMIT OF

IF tV RATIO) oLTe
IF (V RATIO) L0F.

2,00000000

153



STREAMLINE Rablal
NUHRBER PCSITION
tIN}

1%« lovo
19 X384
1%+5595
1409} Ta
19+1858
194968
15+ 6422
156729
18,1000

LTNEN LN~

$TREAML IKE sTaffc
AUHBER PRLYSURE
14341

103+6%42
10346754
1048787
lode 7020
103«Tabk
1638100
1038937
1039920
1os-1071

LR N T ey T

STREAHLINE - Raplal

NUNgLH POSTITION
tit)

1 thelte?

2 144905

3 1%stgas

My55=FLOY
FugT[ON
{LUM/SEC)

J«00000
Leeb8Ta9
29437498
anagb2a?
SE.Ta997T
T3+43746
AB4 12495

132481248
117,49994

sTalic

TERPERATURE

(DEG R}

1810,49
1816416
1Bla, 40
1813.07
1812.0%
141143}
181074
181033
1910.07

Hg55=FLON
FUNCTFLION
{LAN/SEC)

0«00800
14448738
?9.37476

8% QUTPUT QF 5P0DOL DESTON ANALYSIS s¢s

NERIDIOHAL
VELOCITY
{FPS)

516,977
S464309
S47.373
582,662
593.93)]
Ga2e348
6pB.597
6l3:108
516,128

STREAMLINE
SLOPE
ANGBLE
{DEG}

14432
2.274
Se000
babid
Beg2l
94765
112566
12+737
14.1R8

MEREIDIONAL
YELOCITY
{FP5}

591.24)

B91e241
5914241

8 STATOR IRLET | #%

AXTaL
YELOCITY
(FRS)

516,816
545,414
565.214
578,749
587,817
593,618
596.87;
598,019
597,343

STREAMLINE
CURVATURE
{PER IN)

+01111

00317
=+ 00427
=201136
-+0181%9
-s 02682
~+0312%
=+ 03703
~+04337

WHIRL
VELOCITY
{FPS}

28.833
41s028
504247
506095,
61e703
Bheliby
552683
6T+339
38,959

ABSOLUTE
YELOCITY
(FPS}

S17.78)
547,844
569¢5%3
585,439
99Ty 27
GpSe828
S12e04¢
6164793
819,758

#% STATOR £xIT = ROTOR INLET | #e

AXEaL
VELOZITY
tFpPs5}

590913
59Q 248
589,261

WHIRL,
VELOGITY
(FPS)

1206442y
124%: 718
1233.167

ABSOLUTE
VELOCITY ~
{FPx}

13974638
13024898
1387,571

ABSOLUTE
MACH
NUMggR

«25392
+26084
+27965
«28753
+29338
«29789
PRI
»30316
30464

ABSOLUTE
HACH
NUMBER

«T0971

«70150
69321

AHSOLUTE
ToTak

PRESSURE
(PSI}

108.2196
108,757+
109,10855
1095322
1098224
1190745
}10.3995

1045045
110,6933

ABSOLUTE
TOTaL

PRESSURE
tPSI)

105,977
10645245
106,9726

RESO0LUTE
TOTaL
TEMPERATURE
{pES Ry
1837.9%
1837,9%
1837.956
1837.958
1827.9%
1837.95
1837.98
1837.95
183795

ABSOLUTE
TOTaAL
TEMPERATURE
(DEG R)

1837.9s

1837455
1837,9%

154

ABSQLUTE
FLOY
aNOLE
(DEQ!

3,213
4,323
54086
Seb23
5,992
Ge234
&e272
&2l
8,392

ASSOLUTE
FLOW
ANGLE
{0EQ)
G988

S



E -0 U

STREAHLINE
hURHER ©

FY. YR S U NN

* STREAFLINE
RUMBER

LR L AUR TR

STREAFLINE
NUNgER

LT T PV

1 k9%
19040374
156918
1heFRS
js 2603
163333

sTatic
PRESSUAE
iPSE

TheTEOT
F7,. 7555
FLIN-F3
TP enallt
BueZpald
8049533
B1.6400
ER+2886
B82«%ppt

AAL1aL
POSITION
£3m}

12134
14.5%05
14,9420
15,2088¢
15+630%
15+¥6%
153848
1Ee638%
169087

5TaTic
PRESSLRE
P51y

67,3208
6T 4356
6752238
6T+8159
aTaT068
2T TG4}
67,8788
&7+36n01

aveDOLY
58, 74952
73+436%)
88, 12429
132+81167
1E7a %998

stalig
TEMPERATURE
Dkt R)

1596, 1
169% 12
172,18
1705412
1Tea00
{710,178
£713,37
1T15484
§ 738458

29Legal
59}e24]
591e28)
D91.24}
Y91.241
591204

STREAHLINE

St ORE
ANOLE
(DEG)

1.919
3321
1,690
b.02)
7,318
8584
5,822
F12038
IZe22

MSS=FLON  WERIDIONAL

FenpT10M
Ly gk SEQH

Ga 03000
1. 0B78b
29,3753
406209
sBLTRoh
T« 3832

* HHal2h98
1028) 365
11750131

STaTIC
YevFERaTURE
1DEG R)

185%, 32
1457 ,24
185549
165402
5652476
165164
1550 64
158%.T8

YELOCITY
{FP5E}

Bhna)ed
LUg. 192
5ER,333
587,554
5764885
71.20%
565 4423
S56paphE
SEe5lE

STREAMY INE

SLOPE
ANGLE
ipEs)

.99
3,256
4,583
52892
Y2184
Bl
2,738
Ig.%81

587,900
586,424
584,618
582,575
589,309
517.823

STREAML INE
CURYE TURE
tPEH Th)

Q00000
L8508
200001
00003
00001
#0000
200002
«0000¢
=03008

1215424
12004008
1184094
11684805
315443137
1140s085

BLADE
YELOCITY
(FRSY

574,374
587,502
SO0 435
Gi2ebia
62heb?h
6364451
a4T,972
5532254
7 pad2s

*8 STAGE EXYY

AXTAL
VELORITY
tFRS3

599,89
593,233
SBE AN
579,479
173,323
564,992
S87,4%2
5a%.83p
42,01}

STREANL INE
CURV,TUME
12ER {N)

=, Qgo%d
=, 08402
=y 00002
=efOgb2
= L000R
- 00003
-, 05002
=3 08802

WHIRAL
VELOCIYY
FES

=4024892
=8 1a.05h
«$13,79
=414 328
=213.958
=41 2+873
"A}1+239
“40%etdy
=4ptediia

BLADE
VELOGLTY
{2503 ]

5¥T.ute
591,555
605,897
619843
6334729
687 sabiy
51,054
LELYS-+ 13

13524499
1437 1At
1323497
13094832
290 165
12843274

RELZTIVE
YELOCITY
[FPS}

214218
HE7 895
Bag 128
454076
82449673
805,901
187 428
ITia022
155,142

r

AUSOLUTE
VELOCITY
LEFSE

Tatu s
T23.003
114,279

o T1s,87p
;1203:3
*344
539.3]9
332406
6874492

RELATIVE
VELDEYTY
(FPS)

1i54,385
1148,013
147%,166
11864979
139%,997
1264 cals
1832,.927
1210847

wBAT
27693
+66918
Lol Th
20540%
HATHE

RELATIVE
WACH
NUARER

L D220
L2t Spe?
L3903
W AETIV
41745
747
+398p8
« 38926
38498

ABSOLUTE

eA5320

RELATIVE
MACH
NUMBER

.593&9
t597eR
<5038
+HOBES
«H1372
«E162a
SE2350
+B2653

10T« 3430
1976600
14749385
$08,15%6
168,439
108,6331

RELATIVE
YOTAL

PRESSURE
(1524

£8,3102
89,787}
&% ,2119
89,5945
89,7494
F0. 2842
W, hoes
9549132
?te2129

ABSOLUTE
TavaL
PRESSURE
P51}
13,118
13,8382
73,8812
73,90%0
e
%3
?3,?2%3
1349128
Tae%027

RELATIVE

TOTaL
FRESSURE
1373}

By 5008
B5, pask
B5 5464
8440127
84,4508
£4,8545
87,2838
BT.6453

183798
1837.94
1837.94
J837 .98
1837.98
1837,9%

RELATIVE
TTaL
TEMFERATURE
(pEs R)

158,27

ABSULUTE
H

Tal
TEMPERATURE
ipts ™

1698418
1695,77
1692 ,62
1693 ,68
1689.9
688,25
15886,.58
1688419
JEfa. 77

RELATIVE
TOTat,
TEMPERATURE
tpks M

1757 ,49
157,48
1757 .86;
1751.8%
158,17
158,54
1158 95
1.4

155

tdy2g2
61,966
63,722
634557
83306
#3123

RELAYIVE
FL0v
ANOLE

tQEG)

49,587
48,297
L7.386
454761
LEYT ]
41.1230
41,797
494457
3110

ABSULUTE
FLOW
ANGLE
(HEDY

34,276
«34,783
=25 ,208
35,565
=35 B877
=34e558
=356,415
=36,654
55879

RELATIVE
FLOw
ANOLE

thee?

«88 684
59,413
6,093
LI Mk
-%1.353
=8iaFA%
«82,830
“h YO0



6BI0IRE © 168,92 124226 00002 $07.898 12274017 63037 88,0128 i759.87  *33.458

®s STAGE I PERFORMANCE #e

STATOR ROTOR
PRESSURE" PRESSURF STATOR ROTQR ROTOR STAGE
STREAHLINE sfaTor RoToOR 1055 LOSS gLADE ROW  BLADE ROM ISENTROPIC ISENTROPIC
RUHHER REACT1ON REACTION  COEFFICIENTY COEFFICIENT EFFICIENcY EFFICIENCY EFFIcIENCY EFFICIENCY
1 #37047 +76863 OTE53 «23007 *94139 »B3982 +BTATY 82932
2 #3921 76128 07723 22128 194062 +Ba68] «87981 +83482
3 1650 JT35TT 207786 21222 94002 +85330 J088T9 JBap54
N «43266 «71196 «07838 +20368 +93947 +B5973 +8B960 +BABOE
s aA53T «58977 Q7882 +19573 +93397 +86582 89416 o851
3 45775 56913 07920 v1884p »93849 #8T154 89846 +8563p
7 46742 64993 «07955 218169 «93803 87890 290250 «B8095
¥ AT564 153206 07988 217584 93789 88190 90628 L28539
9 «48257 161543 w0B014 +16998 «93719 «60655 +9098) «86953
# HASS=AVERAGED QUANTITIES »
STATOR BLADE=ROW EFFICIENCY = +93906
ROTOR BLADE=ROM EFFICIENCY = »BO4BE
STAGE w08X = 40,322 Byy PER LaM
STAGE TOTAL EFFICIENCY = +850T1
STAGE STATIC EFFICIENCY w *70289
STAGE BLADE= 0 JETwgpEED AATIO = «37118
#b STATOR EXIT - ROJOR INLET 2 s
ABSOLUTE ABSOLUTE ABSOLUTE £950LUTE
STREAMLINE  AaDlal HaSS=FLON MERIOIONAL A%Lak WHIRL ABSOLUTE HACH TOTal 1074t FLON
NUkgER PGSITION FucTION VELOCITY VELOCITY VELOCITY VELOCITY NUMBgR PRESSURE  TEMPERATURE ANELE
Lin) 1M/ SEC) IFPS) tFRS) (FPS) {Fost [123%] ipEs R) to£g!
1 14«3000 000000 595047 595,.31& 1203158 1342+527 o Tg788 711599 1698,41% 83674
2 1407382 1468683 895,647 594,635 117192 1313.95R 69211 T1.3069 1695.74 63,083
3 15+183] 29237364 595 64T 593,603 11414965 12874975 +67782 714310 1692463 624334
. 15¢5568] 46406046 5954647 592,287 1115016 12640143 65474 7145354 16%1.69 62002
5 15+9459 58,T4728 595,847 590,705 1090000 12424133 165269 7146235 1683,9) 614545
6 163240 TIe43419 595,547 588,88 10664641 1221887 «64153 11,6978 1688,25 614097
7 1608917 BBe12092 595.647 586,636 1o4eeTia 12020591 «563113 T1.T602 1686468 604076
a 17+0501 102890774 595,647 584,504 1024038 1l8ae8T3 b2140 T148323 1635.%9 eg-zlo
9 1Te 4000 11Te 49655 5954647 5824141 10040452 11674783 03229 11,055 1683, 73 59,973



STREAMLINE
NUKAER

D=L LN

STREAMLINE
hUMRER

WD =R WY e

STREAMLINE
HWUMgER

AT =0 & WP

sTaTlc
PRES5URE
LS}

51.5733
52,3497
Sl.122¢
E3e 7809
Seelfbe
54,9358
ESe44]2
55,9574
5543392

AaDlaL
PoSTTroN
{iK)

14e3667
JULXLFLE]
15,279%
19,7219
b+ 1563
14e2838
17s0053
174216
173333

Siallc
PRESSURE
[LI3T)

42,1781
AR 2996
4204130
425206
42ebzll
42,7152
42efp28
AZedonE
42,9646

sTalic
TEWPERATUAE
(NEs R

1565,37
1568 55
1571,38
1673.,92
1576420
1578.26
1580510
1581,76
1583,27

MpS5=fFL04
FurgT1ON
(LRM/SEC)

0200000
1446862
29,3744
44, 05865
S5H.T4488
11-&3409

- BR.13730
102489351
117448972

sTaTye
TErPER, TURE
(0EG R)

1503,10
150012
149T7.53
1455,28
1493.32
1451 64
1490417
14B6,88
187,72

STHEAML INE
SLOPE
aNGLE
tDEG)

1.%09
3,357
4,748
&.088
7,386
[ TYY
9.867
11,050
12.224

MERIDIONAL
VELOCITY
FPS)

62619
654937
ba7 495
bag, 034
6324793
635667
4184642
t11«Fp8
frigaeB8a3

STREAMLINE
SLORE
ANGLE
{DEG)

1,910
34283
heb26
54943
Te235
8,508
9T62
ii,000
12,226

STREAML INE
CURVATURE
tPER TH)

«ngoe
L00002
«0oQo2
ELLLT:hY
«dg00}
«00001
« 3000}
« 00000
00000

BLADE
VYELOCITY
LFP5)

575,779
597,421
414,36R
430706
t46e51 0
561+84p
6764748
491,278
T054+465

s* STAQE EXIT

AXEAL
YELOCITY
[FPS}

4624231
652,85
645 296
636 574
827,754
618,783
5%9:535
600465
59).126

STREAML INE
GURY 4 TURE
{PER IN}

0,00000
«00000
00001
0601
«00001
«R0001
00002
1L 1gis
«00002

WHIRL
YeLocITy
{FPS}

~4B85+75¢
=3182.528
w78 Sh2
-4 73,89,
=45684558
4630549
4564015
44911y
=s43+928

BLADE
VeLODgITY
{FPS)

£82,483
60)+1%
519493
63Ted26
8554039
472,37
[:C M Y.TY
70643241
723,033

RELATIVE
YELOCITY
{FPS)

H62,.203
827,047
195,709
1614592
Tazen1s
120180
T00.139
682,294
6664478

ABSOLUTE
YELOCITY
{FPS)

821597
Y3405
995,069
1396 376
ToT.383
T78e48

155.2;5
T58+86%
Tagepar

RELATIVE
VELOCITY
{EP5)

1857 ,458
1266245
1€Ta882
1882vdd5
1289833
1295,959
13014869
1307383
1312818

#0 STAQE 2 PERFORMANCE 93

RELATIVE
MACH
NUKBER

»454462
43564
L41875
R ELL]
+39021
37818
o IETAE
LISTEY
«INT42

ABSOLUTE
MACH
NUMggR

2 %4097
«43708
«432%0
2855
« 42390
-Q}OEA
A1a2
4924
hghy2

RELATIVE
MACH
NUMBEH

JETAEO
+hBp29
«50582
69511
«5%438

RELATIVE
TOTAL
PRESSURE

- tPSI}

59,0848
59,3670
59,6357
59.8936
B0«1430
60,3856
60,6229
69,8580
61,0859

ABSOLUTE
ToTaL

PRESSURE
(RS}

47,9696
#8,000]

»
=
-
0
LY
>
L%

RELATIVE
ToTaL

PRESSURE
{PS1)

56,6386
57,0713
57,4751
- 57.85)9
5842019
56,5253
50,0262
59,1092
59,3771

RELATIVE

TOTAL
TEMPERATURE
(DEG R)

1620.15
1618 .96
1618,04
3617.3%
1616.8¢
1616,48
1616421
1616,07
1616400

AUSOLUTE
TOTAL
TEMPERATURE
(DEG R)

1553.59
15‘9.62-
1546.31
1542,
1539.7p
153492
153435
1531495
15297

RELATIVE
TaTaL
TEWPER, TURE
{pEG R}

1621,3¢
1620405
161906
163829
1657.71
1617,26
1616494
lel6e?3
16816,8¢

157

RELATIVE
FLOW
ANGLE
iDEG)

46,319
43,977
41,631
a%.273
36,899
34,5059
32.089
29,859
274185

ABSALUTE
FLOW
ANGLE
(QEG)

=3b.280
=3bs438
-36,560
=36 ,665
=36,7238
=36+779
=362 795
38479
38,782

RELATIVE
FLOM
AhOLE
tpEGH

=58 ,203
58,6894
=534558
=554195
=50,808
=61,400
«8]4976
=82,840
83,096
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STATOR ROTOR
PRESSURE PRESSURF STATOR ROTGR ROTOR STAGE
STREAML INE sTaTGR RoTQR LGS 8LADE Ro¥ HLADE R0M ISENTROPIC 1ISENTROPIC
NUPEER ReaCTION ReacTiOoN cDEFFlc!ENI cDEFFlclENY ErFlc[:NcT EFFICIENCY EFFICIENCY EFFICIENLY .
i «54088 +08589 13363 417678 «90316 «87863 «B9045 281982
2 «55933 «65315 13378 16297 30227 88783 «89828 82914
3 WSHEAEr «h2424 »13380 +15109 090154 «B9609 «90536 +83603
. «56550 »59862 ela2?0 14079 90097 290342 91167 484611
5 +«57160 «57588 «13350 «1323) +«90052 90973 91712 «B85329
-} 51691 +55571 13322 12562 «90017 « 71494 92165 +859%3
? »5815) «53780 *13287 «12032 «8999] 1922 292538 86833
L] +S9546 «82188 o 132456 allbla +89972 92274 « 92844 +06984
9 58089 «5077% 213198 «11287 +89981 2580 +93094 87374
@ MASS=AVERAGED QUANTITIES @
STATOR BLADE=RoW EFFICIENCY = «90081
ROTOR BLADE~ROW EFFICIENCY = +5070)
STAGE WORK = 40,322 BTU PER LB"
STAGE TUTAL EFFICIENCY = «850%0
STAGE STATIC EFFICIENCY = 67721
SYAGE BLADE™ TO JET=SPEEp RATl0 = +27628
& STATOR £X1IT = ROToR INLET 23 =s
ARSOLUTE ABSOLUTE ABSALUTE ABSOLUTE
STREAMLJNE Fabial MaSS«FLOW  MERIDTONAL AXTal wWHIRL ABSOLUTE MACH TOTal TOTaL FLOW
kUkpgR PesITION FuhcYION VELOCITY YELOGITY VELOCITY VELOCITY NUKBER PRESSURE TEMPERATURE ANGLE
[$13] (LEK/SECY {FP5) {FP3} FRS) {FPS} (P51 {pEG R} {DEG}
i 1eaddn G800 7154064 715.087 " 1351e4% 15291 «B56908 45,8215 1553.59 62e137
2 1%e9945 1468601 T15.864 710191 13044022 14874301 83192 45,9593 1589,862 614271
3 15.5243 29.27242 Tib 464 712.%08 1262004 1460+705 «¥1p0? 46.5709 1546.01 604538
& 1P 2?9 ahe5883 T15+464 T11.27% 1224281 1418810 « 19977 4621606 1542.7) 59,084
5 1heSp94 S8, Tasda T15e404 709.35¢ 11%8+000 $388,624 «TT345 46,2316 1539,7g 5%+201
] 180977 T3.43105 TiSedtd 707,156 115P 528 1361464 151173 4642863 1536492 58,600
7 17174 #8,11726 T15,664 Tos 725 1129,382 1336,934 JT432% 46,3271 1534 35 58,036
] 17485 1p2+8g347 Tibedta 702079 11024239 1314069 «T3g07 46,3562 153195 574504
? 1bs 2607 11748969 T15e464 699,239 1p76.75, 129278 3778 4643754 1529.To 57400
STREAMLINE RELATIVE RELATIVE RELATIVE HELATIVE
STREAML INE 51a¥Ic S1aTIC SLOPE STREAMLINE BLADE RELATIVE MACH TOTAL TOTal FLOW
AUMEER PRESSLRE TEMPERATURE ANGLE CURYATURE VELOCITY YELOCITY HUMBER PRESSURE TEMPERATURE ANGLE
P51} {DEG H) (DEG) (PER IN) {FPFS) tFPs5} {PS1) {DES R) [OEG)
b 28,7177 137868 1.909 -, 00002 585,160 1048,388 +58753 36,0593 1460,89 48,98
2 2545054 1384,14 3,419 - 00002 607,737 99a,21n 95831 36,3141 1458,87 44,264
3 303251 1384,59 4a845 -« 00002 6294416 955,016 «53229 3645526 1456.81 41.584
3 3049586 1392431 6,200 -+ 00002 6494838 9174538 «51168 A6.77T8T . 145578 1B.92%
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5 KIW-FIT] 1399, 4% T,455 L 110 H] B6%, 355 B4, A50 49289 34,9948 1454 ,05 36,278
] 32.02ES 1398 g4 B, 740 =J0pp02 s88,10) B56 263 ATOAE a7,2030 1453,08 32,833
? EEMLITE 140068 T.940 =«BO0CE 766377 B31.262 5218 37,4551 1457, 34 36.785
8 JEeBY58 1%02.T9 11e182 =eJUaE T23+65 2aFehid *RATTL Itabgz? 14518z #8334
Qe IFe2733 1404 .6% 120238 =« BOO0F THOa 895 204495 43888 37,7970 145,43 #5675
## STAGE EXIy 3 o
ABSOLUTE AUSOLUTE ABSULUTE ABSULUTE
STREFHLINE ®akal ¥p33=pL0W  MERIGIUNAL #Eral wWHIH, RYSOLUTE HACH HTaL TOTAL FLON
_ NumggR PoLITIoN Fynclon YELDLYYY YeLOrITY ¥ELOGETY VELOCITY HiHgeR PRESSURE  TERPERATURE ARGLE
1IN} tLaMASgn} {FP5Y iFpg} FES) {FP51 {051} {gke R tHEST
1 1422000 gagaane 7844430 TH3,99% =30A BTy LEFFRET w7521 29.8333 14074860 il 8B4
2 120692 14hab8639 170,942 173,651 =31ke 109 838,211 T230 29,8217 140] ,68 22,103
a 1506p0k 2937208 Thhefpd 763,146 =11te33p HonaATs WA5893 29.4125 1396.3p »aeSTT
4 16+1814 446s05657 TEhsTal TE2b11) =311 549 Ha:-os; 46518 29,7888 1351239 “p2a Tk
H 16.880) 5, TAATH THT, 902 THi Ha8 =318,338 81p,u88 HE116 29,7585 j1gh 89 33,723
& iT+2040 T3+43095 73%.363 T3la14s a31Tet3z Bgaensy 45691 9. 7228 1382,% Py
7 12.7106 T 7304920 720.p08 =31 4a87p H5.867 W45248 29,8822 13718,98 23613
a 18.206% 162480333 1224415 709,29 =317 ,03p Tavslto 44792 29,5300 1375.48 kP FYS
9 18,7400 117,49952 T14,430 696 332 . a30b,b48 118,251 JHe325 29,5907 137,19 73,047
STREAWL IHE RELATYVE RELATIVE RELATIVE HELATIVE
STRE AM [NE STATIE STaTye SLUFE STREAHL INE BLAUE RELATIVE MaCH Tolal YOTaL FLOW
HUMBER PRESSURE TENPERATURE ANGLE CURNATURE VgL UerTy VELOGITY NUMBER PRESSURE  TEMPERATURE ANGLE
P81} 1DES H} TG IPER N} iFPS) tFP5} (1034 {pEG R} {pE®?
1 25,0191 1353, 44 1,909 MLl B&7 Y8k 119) 2406 WBTEE L IYEITE 1463 ,60 YL
a 29,1808 1348,38 3,307 00002 A10.97n 126,838 ML 3 LB010 1459 40 .Sn.uvs
3 FEM LT 1343,92 Y MCTT JOpn02 633,398 1:30,7‘1 69u62 a5, L1251 )#5? 52 3], 245
4 2h TR0 1340409 5,989 <0002 455247 12830262 .69313 35.1254 1*55.93 .53.301
5 -25s835 1338,43 T.o8a 0841 £76 4682 144473 eTps3e 35,764 14S&bp +434280
& 2&:870p 1333423 8,580 00001 5974520 125%.378 «71391 359735 1653.5% “544221
T 25904 1330.8R . T4 + 20001 Tifa 05 124%.38% «ilvag 3522224 1a%2.T2 win, 1}
8 2betand 1328 22 11,018 «00000 Ta8, 26y 174,873 Ji2580 36,4644 482,11 w48 98
@ LAl 1326492 FEN-T1Y S4fyono 1504173 12830985 13127 A a8959 1883468 349795

*a STAQE 3 PERFOAMANCE e

sTAYOR ROYOR
passsuﬁs Pnsss&gg $?AYOR rRuTan aatoR s¥aot N
STREAMLINE sTaToR ROTAR ROW  BLAUE ROW ISENTROPIC ISENTROPIC
NUMPER REACTION.  REACTION cosss:ctan: cosrr:clznr zrrlcxzucr EFFICIENCY EFFICIENCY EFFICIENCY
1 «53728 #86410 12604 +1907a +8)560 872393 89288 +B1126
z sSesdp 2B2T13 «Jzaby 17357 +91509 s48473 90058 fBp2eE
3 55495 «TE232 «1p387 +15957 2TisTE 49425 + 90745 1B3338
+ +58162 « 74399 12233 Ryl V21457 WFoget 3140} 84262
L] LeS&T0T «TRoBd ilmoet «1376s ~1ALA »#nao «919R9 wBEYTS



) @B = O

+57143
257488
51750
+57544

«58204
265693
03492
81565

11960
«11811
111656
+11495

2%82
12224
Jl03a
11097

+914T1
+91501
o154
291590

® MASS=AVERAGED QUANTITIES

STATCR BLADE=ROW EFFICIENCY

ROTOR BLADE=ROW EFFICIENCY

$TAGE WORK

STAGE TOTAL EFFICIENCY
STAGE STatiC EFFICIENCY
STaGE BLADE= TD JET=SPEEDQ RATIO

»91498
90758

40,322
«84891
66738
*308593

271653
92227
2729
«93145

81U PER LEM

v 92476
«92925
- «93320
w3664

+25888
+06589
BT228
«0T7800

160
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*3% 5pQ0L PERFORHANCE SUMNARY {MASS=-AVERAGED QUANTITIES) ®se

STAGE

STaTOR ROTOR STAGE STAGE BLADE= TO

STAGE HLAOE=RON  8LADE=ROM STAGE ToTaL STATIC JET=SPEED
NUMBER EFFICIENCY EFFICIENCY HORK EFFICIENCY EFFICIENGY RATIO

(ATU/LEM)

1 73906 +88488 M2z WA5071 « 70389 #3716

H »90081 V90701 40327 +850%0 07721 «37628

3 1498 +90756 500322 +84B2) +66738 »38593

SPOOL WORK 120:96T BTV PER LAM

SPOOL POWER 20110400 HP N

»

-
SP00L TOTAL= TO TOTAL-PRESSURE RATIO &  Jes8342
SPOOL TOTAL= TO STATIC~PRESSURE RATIA = 4424710
5PDOL TOTAL EFFICIENCY m 86487
SPOOL STATIC EFFICIENCY & « 79387

L ]

SPQUL BLADE= TO JET-SPEED RATIO 22527



