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ABSTRACT

The main scope of this thesis is to have a strong tool for a preliminar design and sizing of an
axial compressor in a bi-dimensional way, this means that all the parameters are referred to
the hub, to the midspan and to the tip of the blade.

This goal has been reached improving a pre existent Matlab™ code based on a
monodimensional design.

The developed code, using different swirl law, allow to understand the behaviour of the flow
in both the axial and radial direction of the compressor, furthermore it plot the blade shape,
once at the midspan of each stages, so the rotor and the stator are plot togheter, once for each
blade separately, at the hub, at the mid-span and at tip, to show how the blade has to be made
to properly follow the flow.

This code has to be intended as an approach point for a more accurate design for axial
compressor, e.g. CFD, that always need a good one and bi-dimensional preliminary design to
obtain correct results; or it could be used in academic field for a better comprehension from

the student of the phenomenas that take place in this kind of machine.
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Two Dimensional Design of Axial Compressor Main Characteristics

CHAPTER1 MAIN CHARACTERISTICS

In everyday life compressors are becoming more and more fundamental, from the production
of energy to the transport field, they assumed a strong role for enhance the human condition.

Their operating principle were established more than sixty years ago, and during the last
decades all the efforts have been concentrated on how to improve and develop better

machine, and on the study of the behaviour of the elaborated flow.
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Figure 1-1 Pressure ratio increase along the years

Dynamic compressors are divided in two big family, axial compressor and radial compressor,
the choice between them it’s the consequence of the valuation of multiple parameters, and it

will be work of the designer to find the correct one.

COMPRESSOR SECTION ms

Figure 1-2 Axial and Radial compressor
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Two Dimensional Design of Axial Compressor Main Characteristics

Axial compressor can elaborate a higher flow than the radial, which has a higher pressure
ratio per stage, this means that for the same flow rate the firsts will have a smaller diameter,
but it will need more stages to reaches the same pressure ratio.

Another aspect to consider is the efficiency, which reaches better values in the axial one,
because the flow withstand less changes of direction along the stages, with minor perturbation
through each blade row.

For the same mass flow and pressure ratio radial compressor are cheaper than the other,
furthermore they are more resistant in case of damage caused by external object.

In figure 1.2 is it possible to see the behaviour of both compressors in relation to velocity and
pressure ratio, is it clear that radial compressors have more margin to the surge, and axial

compressor should be used only at high speed.
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Figure 1-3 Comparison of axial centrifugal characteristic curves (Dresser-Rand)

The main character of this thesis is the axial compressor, which is become the main choose
for the most of the application from gas turbine for electric energy production, because of the
growth of turbogas plant, to engine for aircraft.

The increase of efficiency in gas turbine has been obtained from the increase in pressure ratio
in the compressor and the increase in firing temperature in the combustion chamber; in the
axial compressor the total pressure ratio is due to the sum of the increase obtained in each

stage, which is limited to avoid high diffusion.
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Two Dimensional Design of Axial Compressor Main Characteristics

1.1 BLADE NOMENCLATURE

Generally an axial compressor is compose by a variable number of stages where each follow
one other, a single stage is made up by a rotor and a stator; both of them present blades
disposed in a row, called cascade.

A blade has a curved shape, convex on one side, called suction side, and concave on the other,
called pressure side, the symmetric line of the blade is the camber line, whereas the line
which connect directly the leading and trailing edge is the chordline, the distance between
these two line is the camber of the blade.

The turning angle of the camberline is called camber angle, 3, and the angle between the
chordline and the axial direction is the stagger angle, y ( Figure 1-4).

thickness of the blade, t

..
[ ]

flow angle, a

-3 e blade angle, a’

e staggered spacing, s
e incidence, i=01- a1

e deviation, 0= ax-a’y

e camber angle, 3= a1-a "

Figure 1-4 Blade nomenclature

Only at ideal condition the incidence angle will be equal to zero, but for common operational
condition it often has different values that could be negative or positive.

The deviation is always greater than zero, because the flow is not able to follow precisely the
shape of the blade due to its inertia.

The difference between the inlet flow angle and the outlet one, is called deflection, &, this
changing in the flow direction is the real responsible of the change in momentum.

The thickness distribution depends from the blade type, a common kind of profile is the
NACA-65 series cascade profile, in this thesis a double circular arc has been adopted for the

airfoil.
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1.2 LIFT AND DRAG

The reaction forces which the blade exert on the flow are called drag and lift, the first act in
the same direction of the stream, the second is perpendicular, it arise because the speed of the
flow on the suction surface in greater than the flow on the pressure surface, thus, by the
Bernoulli equation, the pressure on the under surface is bigger than the one of the upper side
of the blade (Figure 1-5).

o

Figure 1-5 Drag and Lift forces

In order to calculate these two forces, the following relations can be used:

CZ

D = CDAp7 (1.1)
C2

L=CAp— (1.2)

Where A is the obstruction of the blade in the flow direction, p is the density, c is the velocity
of the flow, and Cp and C_ are respectively the coefficient of drag and the coefficient of lift,
calculated from experimental dates.

Those two coefficients are strongly influenced by the attack angle, o, in particular, the lift
coefficient after a certain values of the incidence goes to zero, this means that stall happen on
the blade and it stop to interact with the fluid (Figure 1-6). In a compressor, this entails a drop

in the pressure increase and a reduction in all its performance.
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Stall point

L, D

(04

Figure 1-6 Lift and Drag coefficient

1.3 STALL AND SURGE

A compressor has more criticality than a turbine, this, basically, because the flow is forced to
move from a zone with low pressure in another at high pressure, that is an unnatural
behaviour.

At low blade speed, rotating stall may occur, this phenomena belong to the progressive stall
family; the blade stall each separately from the others, and this stall patch moves in the
opposite direction of the rotation of the shaft. This happen because the patch reduces the
available section for the flow to pass between two adjacent blades, so it is deflected on both
sides of the cascade (Figure 1-7).

This implies that the incidence of the flow on the left side is increased and the incidence of
the flow on the right side is reduced; the frequency with which the stall interests each blade
can be near to the natural frequency of blade vibration causing its failure.

Progressive stall is typical of the transitory, but it can be controlled by bleeding the flow from
the intermediate stages or using blade with variable geometry, inlet guide vanes (IGV), or
both of them.

The most dangerous and disruptive phenomena in compressor is the surge, it is the lower limit
of stable operation, it occurs when the slope of the pressure ratio versus mass flow curve

reaches zero.
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Two Dimensional Design of Axial Compressor Main Characteristics

When the inlet flow is reduced, the output pressure reaches its maximum, if the flow is
reduced more, the pressure developed by the compressor became lower than the pressure in

the discharge line, and the flow start to move in the opposite way.

DIRECTION OF
PROPAGATION

DIRECTION OF
ROTATION
— -

Figure 1-7 Rotating stall

The pressure at the outlet is reduced by the reverse of the flow, thus normal compression start
again; since no change in the compressor operation is done, the entire cycle is repeated. The
frequency of this phenomenon can be the same of the natural frequency of the components of
the compressor, causing serious damage, especially to blades and seals.

Surge is linked with increase in noise level and vibration, axial shaft position change, pressure
fluctuation, discharge temperature excursions.

Stall and surge should not be confused even if the past happened, surge must be total avoid,
but a multi-stage compressor may operate stably even if one or more stages stalled, treating
the compressor casing may avoid this last phenomenon.

Another operating limit of the compressor is choking, it happen when the flow in the blades
throat reaches a Mach number of 1.0, in this case the slope of pressure ratio versus mass flow

curve coming on infinite, thus the elaborated mass flow cannot be increased more.

1.4 TIP CLEARANCE

To avoid rubbing between the rotor and its surrounding casing during rotation, there must be a
small clearance, this, linked with the pressure difference across the blade, create a tip

clearance flow through this tiny space, forming a tip leakage vortex (Figure 1-8).
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Figure 1-8 Tip clearance flow (Berdanier)

In the last stages of the compressor, in order to reach the desired total pressure ratio and to

properly follow the flow, the annulus height is really small, so the hub to tip ratio increase, it

means

that the blade become shorter, thus the percentage of the tip clearance on the total

height of the blade increase; this affected stall margin, pressure rise and efficiency.

In general, for one percent increase in clearance-to-span ratio, there is a one to two percent

decrease in the efficiency, two to four percent decrease in the pressure rise, and three to six

percent decrease in stall margin (Chen, 1991).

10
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0 1 2 3 4 5 0.5 1.0 1.5 0 0.5 1.0 1.5
Clearance/Blade Height, percent Clearance/Blade Height, % Clearance/Blade Height, %

Figure 1-9 Effects of the increased clearance on the performance (Wisler, 1985)
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CHAPTER 2 THEORY & MODELS

In this chapter it will be presented a review of the modelling concerned turbomachinery,
starting from Euler work equation until CFD model, passing throughout bi-dimensional and

three-dimensional flow.

2.1 FUNDAMENTAL LAWS

It is possible to write the elementary rate of mass flow like

dm
= pcdA,

din = —
M= (2.1)

where dA,is the element of area perpendicular to the flow direction, c is the stream velocity
and p the fluid’s density.

In one dimensional steady flow, where we can suppose constant velocity and density, defining
two consecutive station, 1 and 2, without accumulation of fluid in the control volume, it is

possible to write the equation of continuity:
m = p1C1An1 = p2CaAnz = pciy (2.2)
The fundamental law used in turbomachinery field is the steady flow energy equation:

. . 1 2.
QW = 1| (hy — h) 45 (3 — D)+ 9z — ) @)

but, some observation can be do, first of all flow process in this field are adiabatic, so it is
possible to consider Q equal to zero, than the quote different (z, — z;) is very small and can

be ignored, thus, considering that compressors absorbed energy we can write:

W = m(ho, — hoq) (2.4)
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ho is called stagnation enthalpy and is the combination of enthalpy and kinetic energy:
1
ho = h+ > c? (2.5)

For a compressor the work done by the rotor is
7Q = m(Uzco, — U1Cp1) (2.6)

where T is the sum of the moments of the external forces acting on fluid, U is the blade speed

and cy,, the tangential velocity. So the specific work is

14
AW = E = Uzcgz - U1C91 (27)

also called Euler work equation.
Combining equation (2.4) and (2.7) it is possible to obtain the relation between the two
stations, which in our case are the inlet and the outlet of the rotor and the stator:

1 1
hy + EC% — Uzcgy = hy + ECf —Usco1 (2.8)

those two terms are known as rothalpy I, which is constant along a single streamline through

the turbomachine; it is also possible to refer it at the relative tangential velocity becoming

1 1
I=h+§(W2+U2+2UWg)—U(W9+U)=h0rel—§U2 (2.9

having define the relative stagnation enthalpy as

1
horer = h + EWZ (2.10)
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In the turbomachinery field is not possible to consider the fluid incompressible anymore, due
to the Mach number that is bigger than 0.3; using the local value of this parameter we can

relate stagnation and static temperature, pressure and density:

T ~1
21+ ’/TM2 (2.12)
-1 y/(y=1)
%“ - (1 + YTM2> (2.12)
-1 1/(y-1)
%: (1+55—m2) (2.13)

Combining these three equations and the continuity one, non-dimensional mass flow rate is

obtained:

m,/C - 1()/—1)

pi Y y —1 2\y-1

0 _ M(] +—M2>
Anpo y — 1

(2.14)

also known as flow capacity.

2.2 DIMENSIONAL ANALYSIS

With this procedure is possible to reproduce physical situation with few dimensionless group,
applying it at turbomachines lead first to predict the performance of a prototype from test
conducted on a scale model, this is called similitude, and second, to determine the most
appropriate kind of machine, for a specified range of speed, flow rate and head, based on the
maximum efficiency.

For compressible fluid the performance parameters, which are isentropic stagnation enthalpy

change Ahg, efficiency n and power P can be expressed as function of:

Ahgs,m, P = f(u,N,D,m, py1,A01,7) (2.15)
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where 1 is the viscosity of the fluid, N is the speed of rotation, D the impeller diameter and
aoy IS the stagnation speed of sound at the inlet; selecting N, D and po; as common factors it is

possible to write the last relationship with five dimensionless groups:

Ahgg P _ m  poeND? ND
NZDZ'T"PMNBDS_]C porND3" ,a01,]/

(2.16)
With some passage and considering machine that operate with a single gas and at high
Reynolds number it is possible to write it like:

poz _ ATy _ <Th Toy N )

Po1 Po1 ’\/m

I 2.17
Po1 7 Toq 217)

it is clear that to fix the operating point of a compressible flow machine, only two variables
are required.
The performance parameters are not independent one each others, but with the equation of the

isentropic efficiency, we can link them together:

_ Ahys [(Po2/Po)Y/ ¥V — 1]

_ 218
e = "Ah, AT, /Ty, (2.18)

Two of the most important parameters of the compressible flow machine, are flow coefficient

and stage loading, the first is
b= (2.19)

where cp, is the average meridional velocity, and the second is

_ A

P = Tz (2.20)
both of them can be related to the non-dimensional mass flow mD— “ZC;TM and non-dimensional
01
ND
blade speed TRt
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Equation (2.17) can be graphically represented in the performance map of high speed
compressor (Figure 2-1), surge line is the upper operative limit of any single speed line, above
this line aerodynamic instability and stall will occur; the other limit, the lower, is the choke
line, this phenomena happen when the flow reaches the velocity of sound, at this point, the

mass flow cannot be increase anymore.

Poz
Po1

Figure 2-1 Characteristic curves of the compressor (Johnson & Bullock, 1965)

For a correct choice of turbomachinery for a given duty, designers use two non-dimensional
parameters, specific diameter Ds, and specific speed Ns; for a compressible fluid machine, find
this last parameter allow to determine, for a particular requirement, the better choice between

radial and axial flow machine.

NQ/? rivy /2 X
— — -3/4

2.3 BI-DIMENSIONAL FLOW BEHAVIOUR

It is not possible to consider a monodimensional trend of the stream flow in an axial
turbomachinery, because the fluid which passes throughout any blade row will have three
components: axial, tangential and radial.

For hub-to-tip ratio more than 4/5 it is possible to assume the radial component equals to zero,
but under this limit is not possible to consider anymore streamlines lying on the same radius

for the entire machine (Figure 2-2).
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Figure 2-2 Radial shift of streamlines through a blade row (Johnson & Bullock, 1965)

Before introduce radial equilibrium theory which rules the three dimensional behaviour we
analyse the bidimensional one.

The flow will never follow entirely the blade angle because of its inertia, thus it will leave the
trailing edge with a different angle respect to blade exit angle, this means that the boundary
layers on the suction and pressure surface growth along the blade and with them the cascade
losses (Figure 2-3).

Another cause of the growth of the boundary layers, is the rapid increase in pressure that
produce a contraction on the flow, to consider this, a useful parameter it is been introduced,

the axial velocity density ratio:

P2Cx2 ﬂ

AVDR = =
P1Cx1  Hy

(2.22)

where H is the projected frontal area of the control volume.

Axial
Suction- } velocity
surface
boundary Wake

Wake

[

Figure 2-3 Boundary layer (Johnson & Bullock, 1965)

=\
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Furthermore the increase of the diffusion, which is large in a compressor, tends to produce
thick boundary layers and flow separation, specially on the suction surface of the blade, this
lead to an alteration of the free stream velocity distribution (Figure 2-4) and loss in total
pressure.

To consider this phenomena Lieblein, Schwenk and Broderick developed a parameter, called

diffusion factor, which is really usefull during the design phase.

DF = (1 _C_2> + (M)i (2.23)
Cq 2¢q c

when this factor exceeds 0.6 the flow start to separate, so is common to operate with a value
of 0.45 in order to prevent losses.

s/c is the pitch chord ratio, also know as the inverse of solidity o, more used in the U.S., a low
values means that across the blade passage is required a lower pressure increase to turn the
flow, and the diffusion is restrain, furthermore, with a small value a blade row will have more
blade than another with a higher values and the loading will be share better between the
blades, but a high values of the chord implies more loss due to the higher wetted area and a
longer and more expensive machine; so it is very important to choose an accurate values for
the pitch chord ration, because also the shape of the blade, and the interaction between them

depends from it, a typicall value for pitch chord ratio is between 0.8 and 1.2.

— — — — Separated
Unseparated

Lower surface

s/s

Figure 2-4 Velocity distribution and flow separation (Johnson & Bullock, 1965)

To avoid high diffusion, de Haller proposed to control the overall deceleration ratio, both in

the rotor and in the stator; the minimum value fixed by him is 0.72 so:

W

41
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2.4 EFFICIENCY

In turbomachinery field, the efficiency can be expressed in several ways, the most useful are
the isentropic and the polytropic ones.
The first relates the ideal work per unit flow rate per second to the actual work per unit flow

rate per second:

Nisen = m (2.25)

The real work, represented from the denominator will always be bigger than the ideal work
which the compressor needed, due to the energy losses for friction.

Because of the constant pressure lines on an (h,s) diagram will diverge, at the same entropy,
the slope of the line representing the higher pressure will be greater; this means that the work
supplied in a series of isentropic process, that can be compared to the single stages in an axial
compressor, will be more than the isentropic work in the full compression process.

Therefore it is possible to define the efficiency of a compression through a small increment of

pressure dp:

dh
Npoly = d_}: (2.26)

And after several algebraic passages and using Gibbs equation, it is possible to write it like:

Rlog (g—i)

Mooty = —5——7
fl Cp (T) T dT

(2.27)

If this efficiency is constant across the compressor, then misen Will be lesser, anyway a

relationship exist between those two efficiencies (Figure 2-5):

(B%-D/% — 1)
Nisen = k—1 (2.28)
(5w — 1)
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Figure 2-5 Relation between isentropic efficiency , polytropic efficiency and pressure ratio

2.5 VELOCITY DIAGRAMS AND THERMODYNAMICS

For axial machine the relative stagnation enthalpy is constant across the rotor, from equation

(2.10) we can write:

1 2 1 2
hi+owi =h, +ow; (2.29)

for the stator is the same for the stagnation enthalpy:

(2.30)

o

w

2
N\ \S

T017

0

Figure 2-6 Mollier Diagram
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For each stage of the compressor, a first approach can be done considering that the direction
of the fluid and its absolute velocities are the same at the inlet and the outlet, whereas the
relative velocity in the rotor and the absolute one in the stator decrease (Figure 2-7).

In the rotor the flow is turned from B, to B,, after that the stator blades deflected it from a; to

ag which is assumed as equal as a.

e

Rotor blade row

Figure 2-7 Velocity diagram in a compressor stage

Here is possible to define all the component of a two dimensional stream flow:

e C;absolute velocity at the rotor’s inlet

e w; relative velocity at the rotor’s inlet

e C, axial velocity at the rotor’s inlet

e Cy absolute tangential velocity at the rotor’s inlet
e Wy relative tangential velocity at the rotor’s inlet
e U blade speed

e Cpabsolute velocity at the rotor’s outlet

e W, relative velocity at the rotor’s outlet

e Cy axial velocity at the rotor’s outlet

e Cy absolute tangential velocity at the rotor’s outlet
e Wy, relative tangential velocity at the rotor’s outlet
e Cszabsolute velocity at the stator’s outlet

e Cy3 axial velocity at the rotor’s inlet

since we are in a condition of repetitive stage the absolute velocity at the outlet of the stator

will be the same at the inlet of the following rotor.
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The velocity diagrams are strictly connected to the choice of parameters like reaction, flow
coefficient and stage loading, the last one has to be limited in order to prevent flow separation

from the blade.

h — h. ACQ Cgor — Cg
Y="rr == = ¢(tana, — tanay) (2.31)
but it can also be written like
Y =¢(tanpB; —tanB,) =1 — ¢p(tana; +tanf,) (2.32)

where (tan S;-tang,) is the flow turning in the rotor, this means that if the flow coefficient
increases, for a fixed stage loading, the required value of that term will be lesser.

As regard the reaction, the connection with the velocity triangles can be written as

2 2

_ 1
T _ _g(tan B, +tan ) (2.33)

R —_— e ———————————
2U(co —co1) 2

or

1
R = > + (tan 8, —tan al)g (2.34)

Combining equation (2.31) with (2.33) we obtain:
Y=2(1-R—¢tana,) (2.35)

which gives the flow angle for the stator:

1-R—y/2 1-R+y/2
tanaqy = ——— tan a, :T

5 (2.36)

and for the rotor:
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R+vy/2 R+1Y/2

tanfB; = — ) anf = ———— (2.37)

From this it is clear how reaction can influence the fluid outlet angles from each blade row
(Figure 2-8):

e |If R=0.5 from the equation (2.33) a;=p, and the diagram is symmetrical
e |If R>0.5 a;<B, and the diagram is inclined to the right

e |If R<0.5 a;>B,and the diagram is inclined to the left

Sy

(a) R=>50%
Bo > oy

B2 @y

U
(b) R<50%
Ba<ay

Figure 2-8 Influence of Reaction on Velocity diagram (Dixon & Hall, 2010)

2.6 OFF DESIGN PERFORMANCE

Considering equation (2.31), Horlock suggest that the fluid outlet angles does not change for a

variation of the inlet angle up to the stall point, so it is possible to write:

Y=1-¢t (2.38)

the value of t is given by the values chosen for y and @.
Test’s results from Howell demonstrate that a; and B, are not constant far from the design
point, in figure (Figure 2-9) there is the comparison between the assumption of Horlock and

the results obtained by Howell.
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Figure 2-9 Comparison of analysis with result from measure

2.7 THREE DIMENSIONAL FLOW BEAHVIOUR

Theory & Models

In order to make an accurate analysis of the flow stream it is essential to introduce the radial

component of the velocity, this exist because there is a temporary imbalance between the

radial pressure and the centrifugal forces that acted on the flow (Figure 2-10).

The radial equilibrium theory, which is used for three-dimensional design, consider the flow

outside a blade row in a radial equilibrium, it means that in a generic station sufficiently far

from the blade, the stream flow can be considered axisymmetric so all the parameters are the

same for each cascade of the same row.

In 3 direction, forces of inertia and force of pressure does not exist, thus, we can write the

equilibrium only for the radial direction:

1 dmcj
(p +dp)(r + dr)dd — prdf — (p + —dp) drdf =

2
p+dp  Mass/unit depth = prdédr

-t
{ ~

. L_—Velocily c,

-\ <=
LY \ | Oy g
PEE i 7%
T |\ lp/
.\yl ‘,\ 'I‘
nr ‘ll |
\ '. |
\ "\l‘ l,'\\ de
\ W
=t —

Figure 2-10 Forces acting on a fluid element

(2.39)
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The RHS of the equation (2.38) is the force of inertia which is centrifugal, the LHS is the
pressure component, ignoring second order’s terms or smaller and writing dm=prdrd3 we

obtain

1dp ¢}
EE = (2.40)
this is the conservation of momentum in the radial direction.
Knowing c¢3 and p it is possible to obtain the radial pressure variation along the blade:
tip , dr
Ptip — Phub = f pCy — (2.41)
hub r

The general form of the radial equilibrium equation for compressible flow may be obtained

using also stagnation enthalpy and entropy:

dhy ds de, cgd

o o= Cxﬁ+7a(rce) (2.42)

If the terms in the LHS are constant with radius, we have:

dc cy d
L= 22— (rcp) (2.43)

“ar r dr
From this equation, choosing a distribution for the tangential velocity it is possible to obtain
the axial velocity one, this is very useful for the indirect problem; some of the distributions

used for cy are:

e Forced vortex flow
e Free vortex flow
e Exponential vortex flow

e Constant reaction vortex flow
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2.7.1 Forced vortex flow
In this law cg varies directly with the radius:

cg = k7 (2.44)

It means that the bending moment grew with the radius, so the blade will be high stressed,;
about the axial velocity at the inlet, from equation (2.43) we obtain

cZ, = constant — 2k?r? (2.45)

The work distribution will not be uniform along the blade:

ho, — ho1 = U(cgy — cg1) = Q(k, — ky)7? (2.46)
Combining this with equation (2.41) lead to find the outlet axial velocity:

cZ, = constant — 2[k2 — Q(k, — ky)]r? (2.47)
It is possible to find the constant from the continuity of mass flow:

tip tip
m = Cyip2mrdr = f Cxpp2mrdr (2.48)
hub hub

The forced vortex law is much utilized in practise because the difference between inlet and
outlet axial velocity for each stage is very low, so the diffusion is restrain and the margin to
the stall is remarkable.

The other three laws are obtained from the general whirl distribution, simply choosing

different n values:

Cor = ar’ —= (2.49)

b
Cop = ar™ + - (2.50)

Page 26



Two Dimensional Design of Axial Compressor Theory & Models

where a and b are constants, with this choice the work will always be constant with the radius.

2.7.2 Free Vortex Flow (n=-1)

In this case cq,decrease with the radius:

co = (2.51)

and the angular momentum (cgr) is constant, using equation (2.43) it is clear that cx will be
constant everywhere.

The work distribution is independent from the radius and the tangential forces over the blade
decreases with it, but this kind of law will require a highly twisted rotor blade even if
conservative dimensionless performance parameters are used (Aungier, 2003).

Another disadvantage is the marked degree of reaction with radius, which become negative
near the hub; this means that because of the lower blade speed at the root section, more fluid
deflection is required for the same work input, this entail a high diffusion that can lead to stall
(Saravanamuttoo, Rogers, Cohen, & Straznicky, 2009).

2.7.3 Exponential Vortex Flow (n=0)

The main advantage to use this design law is the chance to have constant camber stator blade,
also with constant stagger angle, with an accurate choice of o, s, at the references radius, this
is a good way to reduce manufacturing cost; furthermore, with this design it is possible to
obtain the higher hub reaction for any choice of the reference one (Aungier, 2003), and a

reduced maximum Mach number for the rotor (Horlock, 1958).

2.7.4 Constant Reaction Vortex Flow (n=1)

This is the type of project law that more than the others let us to get close to the constant
reaction, by the way this result will never be achieved, because @ is not constant across the
rotor, and the reaction at the reference radius should be equals to 1.

The main problem of this design is that the axial velocity at the rotor outlet could reach zero
near the tip radius, so this zone is a reverse flow zone which is unacceptable, to avoid this @

at the reference radius must be increased.
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This kind of law offers a good margin from stall because the velocity ratios across the blade

rows are limited.

2.8 ACTUATOR DISK THEORY

In this theory the blade row, stator or rotor, is replaced by a disc of infinitely small axial
thickness with concentrated parameter, across which a rapid and quickly change in vorticity
and tangential velocity happen, on the other hand, the axial and radial velocities are
continuous. Far upstream (ool) and far downstream («c2) from the disk, radial equilibrium

exist, but not from the first station to the second one (Figure 2-11).

Streamline parallel
tar upstream and

Farallel Blad far downstream Actuator dise
ade row
streamiln& y _ /\\ /“
—_—] _*'"1-.. Tip i _?4-‘.\ i
L e—. . Ij
Hub A — Hub
c \
h & .8
q Streamlines
not parallael
near disc

Figure 2-11 Actuator disk theory (Horlock, 1958)

This theory proves that at any given radius of the disc, the axial velocity is the same of the

mean of the axial velocities far upstream and downstream at the same radius:

1
Cx01 = Cx02 = 2 (Cxoo1 + Cxoo2) (2.52)

this is the mean value rule.
The main result of actuator disk theory is that velocity perturbation, which is the difference in
axial velocity between a generic position and the far one, decay exponentially distant from the

disk, this decay rate is:

o]
Ay P (1 — 1) (2.53)
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where A is the perturbation in a generic point and A, the one at the disc (Figure 2-12).

C,
CA‘ =1
p=4 Cyzxt~ Cxuz
.i Ap= =5
Cr2 X { T
Actuator located at
x=0
Fan
NS

X

Figure 2-12 Velocity perturbation in the Actuator disk (Dixon & Hall, 2010)

Combining equation (2.51) and (2.52) is it possible to find the axial velocity value for a

generic position:

1 X
Cxl = CX001 - E (Cxool - C.XOOZ)exp I:(,rt _ rh) (2'54)
1 X
sz = Cxooz + E (Cxool - CxOOZ)exp [_ (rt _ rh)] (255)

In axial turbomachinery field, where the space between consecutive blade rows is very small
implying mutual flow interaction and strong interference effects, this theory is really useful,
because this interaction may be calculated simply extending the result obtained from the

theory for the isolated disk.

2.9 COMPUTATIONAL FLUID DYNAMICS

Flow behaviour in the compressor is highly three-dimensional, due to low aspect ratio, corner
separation, growth of boundary layers, endwall flow, tip clearance flow, hub corner vortex
(Figure 2-13), so using actuator disk theory to the design of turbomachinery implies limitation

in the final results.
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During the past two decades the use of computational fluid dynamics (CFD) in the design of
axial compressor has growth, thanks also to the increase of power of the calculators in the last
years.

The main purpose of CFD is to solve the systems of equation that describe fluid flow
behaviour: conservation of mass, Newton’s second law and conservation of energy, for a
given set of boundary condition. This system of equation is formed by unsteady Navier-
Stokes equations, which are differential equations, and they must be converted in a system of
algebraic equation to represent the interdependency of the flow at some point to the nearer
ones. The main purpose of CFD is to solve the systems of equation that describe fluid flow
behaviour: conservation of mass, Newton’s second law and conservation of energy, for a
given set of boundary condition. This system of equation is formed by unsteady Navier-
Stokes equations, which are differential equations, and they must be converted in a system of
algebraic equation to represent the interdependency of the flow at some point to the nearer

ones.

Caﬁing

suction side near casing
corner vortex

suction surface
separation vortex

suction side near hub
corner vortex

corner vortex

Figure 2-13 3D flow structure (Xianjun, Zhibo, & Baojie, 2012)

The points in which the values and the property of the fluid are evaluated, are set and
connected together with a numerical grid, also called mesh (Figure 2-14); the accuracy of the
numerical approximation strictly depend from the size of the grid, more is dens, better is the
approximation of the numerical scheme, however this will increase the computational cost,

also in terms of time for the iterations.
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Figure 2-14 Example of mash

In the field of turbomachinery, where the flow is very unsteady, this discretisation besides the
space domain must be done also for the time one, to achieve this, the solution procedure is
repeated several times at discrete temporal intervals.

The most important step in CFD is defining the boundary condition, it will have a great
influence on the quality of solution; at the inlet, flow conditions, total pressure, total
temperature and velocity components must be specified .

For the exit boundary conditions the best result are obtained using the static pressure outlet to
achieve the required mass flow.

Another type of boundary conditions are defined for the blade surface also considering hub
with a rotating wall boundary, and shroud; to simulate repeating blade rows, periodic
boundaries should be used for the passage sides of the grid (Figure 2-15).

After that the software has solved the governing equations for the discretised domain, the last
step of the process is the analysis of the converged solution.

CFD has to be considered complementary to experimental approach and theoretical one, and
not a substitute of them, one and bi-dimensional preliminary design are still fundamentals to
obtain a good result from CFD, if the result from those design are wrong, it will be

impossible to have valid outcome.
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Figure 2-15 Boundary Layer
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CHAPTER3 THEORY USED IN THE CODE

This thesis is based on a previous work made by Niclas Falck called Axial Flow Compressor
Mean Line Design, its concern a Matlab code called LUAX-C, which permit to design an
axial flow compressor with calculations based on one dimension analysis, so all the
parameters are referred to the mean radius.

As regard this thesis work, the scope is to have a more accurate design thanks to bi-
dimensional analysis, thus the parameters will vary also in the radial direction of the
compressor and not only in the axial one, furthermore a new kind of geometry for the axial
machine it is been created, in this geometry the radius behaviour across the compressor is
governed by a loop based on the convergence of the outlet total temperature, this give a shape
of the machine closer to the reality than the older ones.

One of the most important improvements is the possibility to limit the hub to tip ratio at the
last stage of the compressor avoiding in this way the increase of leakage flow.

The variation of the parameters along the radial direction has been obtained using different
swirl law such as Forced Vortex Law and the Generic Whirl Distribution, in this way all the
output parameters are referred, in addition to the mid span, also to the hub and to the tip of the
blade.

3.1 PREVIOUS WORK

In order to have a better idea of how LUAX-C operate, is suggested to refer to the previous
work made by Niclas Falck, here only a review of the principles on which it is based has been
done.

There are three main loop, one inside the other, that control all the parameters, the
convergence of pressure, reaction and entropy increase iteration, based on the Newton-
Rhapson model guarantee the precision of the results (Figure 3-1).

The main specifications necessary to start the calculation for the compressor are several:

e Type of compressor
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e Mass flow
e Number of stages

e Pressure ratio

e Rotational speed stage reaction

Theory used in the code

Some of the parameters specified at the beginning will vary across the compressor, most of

them in a linear way:

e Tip clearance, €/c

e Aspect ratio, h/c

e Thickness chord ratio, t/c

e Axial velocity ratio, AVR

e Blockage factor, BLK

e Diffusion factor, DF

Module 1

¥

Module 2

¥

Module 3

Figure 3-1 Structure of the iterations (Falck, 2008)

Module 0
+

= ffw)

!

R = flasin ) [

Only for the stage loading the distribution is a ramp type in which y decrease along the

stages.
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To start the calculation the code also need the inlet specification such as inlet flow angle a,
stage flow coefficient and hub tip ratio.

All the parameters referred to the flow like velocities, angles, temperature and so on, are
calculated in the inner loop, this happen for each stage, both for the rotor and the stator, when
this procedure is finish, the code start to calculate the blade angles.

LUAX-C provides the losses related to the profile of the blade and the end-wall ones, using
correlation made by Lieblein, these losses are also expressed in terms of entropy increase; in
addition a surge graph is plotted, where is possible to check if surge phenomena subsist and in
which stage.

Another very important parameter calculated by this code is the pitch chord ratio, it is

possible to choice the method to use between Hearsey, McKenzie and diffusion factor one.

3.20OUTLET TEMPERATURE LOOP

In order to make the MATLAB code more accessible and easier to handle, improve and
understand a separation of the three main loops has been made, after that a new loop, the most
external, has been created, it regards the exit temperature from the outlet guide vanes.
Knowing this parameter permit to obtain the root mean square radius (RMS) at the outlet of
the compressor, which influence the trend of the mean radius across the machine (Figure 3-3)
and limit the hub to tip ratio at the outlet.

To start the iteration a guess value for Ty ocyv has been fixed, with this value and the outlet
pressure obtained from the pressure ratio, using the state function of LUAX-C the static

enthalpy at the outlet is found :

2

Cm,ocv)

hogv = ho,ocv - ( 2

(3.1)
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EXIT HUB-

TIP LOOP 1

PRESSURE
LOOP

END OF

PRESSURE
LOOP

END OF EXIT
HUB-TIP
LOOP

Figure 3-2 LUAX-C loops

Where the axial velocity at the exit of the OGV, Cp, ocv IS an input value for the first iteration
and then is changed with the right values during the loop.

Now using the static enthalpy with the exit entropy in the state function, the exit density is
obtained, with this last parameter is possible to find the exit RMS:
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area _ flOWNstg
e

M poevCmocy BLKNstg (3:2)
arederr = AreQ; — aredoy; (3.3)

areaeff
Trms,out = ’T (3-4)

Cmocv and rmsout are used in the stages loop to find the hub and tip radius, and AVR,

necessary to consider the decrease of the axial velocity along the compressor.

Nstg
C
moGV _ HAVRi (3.5)
Cmin =1
_1
Is 2Ng
AVR; = < m""”’) Y (3.6)
Cm,in
And for the RMS radius:
i—1)
Trms,i = Trms,in + (rrms,out - rrms,in) (Nstg—_l) (37)

This value allows to calculate the radius at the top and the bottom of the blade, at the inlet of
the rotor it will be:

, areal

Thuba = |Trms™ — o (3.8
, , areal

Ttip1 = |[Trms® t o (3.9
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Figure 3-3 flow path behaviour with new design

This kind of design could be obtained selecting Constant exit hub/tip in the compressor type
label, in the main window of LUAX-C.

3.3 SWIRL LAW

All the variables and parameters in the hub and tip of the blade along the compressor are
obtained using different swirl laws, which gives the distribution for the absolute tangential

velocity used in the radial equilibrium equation.

3.31 Forced vortex law

The forced vortex law used in this thesis derives from a Rolls Royce lecture notes of
Cranfield University UK, where a procedure to calculate cgand cp, is given.

At the rotor inlet the situation is:
Co1,r = Cm1(M)pty tan @y (3.10)
Where c(m) is the axial velocity referred to the mean radius and [ is:
H="" (3.11)

And r can be the radius at the hub or at the tip.
The axial velocity is finding from:
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le,r = le(m)\/l + 2 tanz (aml)(l - ﬂlz) (3.12)

The axial velocity at the hub and the tip is obtained simply choosing the corresponding radius

at the numerator of .
At the outlet of the rotor, which is also the inlet of the stator the used correlation are:

Cozr = Cma(M) tan(amy 2 + % (3.13)
Cmoyr = sz(m)\/l + 2 tan? (aml)(l - .UZZ) — 4tan(ay,) %log Uz (3.14)

To find the velocities at the stator outlet the same equation for the rotor inlet has been used:

C3r = Cma(M) i3 tan (3.15)
Cmir = CmS(m)\/l + 2 tan? (aml)(l — uz?) (3.16)
3.3.2 General Whirl Distribution

The correlation used for the other swirl laws was taken from Principles of Turbomachinery
(Seppo, 2011), simply changing the n values in the following equations, three different

distributions for cg has been founded:

cog =ap™ +— (3.17)

e Free Vortex Flow

This kind of design is obtained using n=-1, at the inlet of the rotor the tangential velocity is:
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a b a-b»>

C = =
01,r 1y 1y 1 (318)

Where a and b are constant and referred to the mean radius:

a="Uy,(1—-Ry) (3.19)
1
b= Elmem (3.20)

It has been said that for this kind of design the axial velocities is constant along the radial

direction of the blade so cr, is the same from the hub to the tip.

Cm1 = Cmihub = Cmitip (3.21)
At the rotor exit cgis:

a b_a+b

Coz2r = H_z .U_z " (3.22)
And ¢,
Cm2 = Cm2,hub = Cm2,tip (3.23)
For the outlet of the rotor:
a b a-—b»b
Co3r = H_g - H_s = s (3.24)
Cm3 = Cm3,hub = Cm3,tip (3.25)

The behaviour of the reaction along the radius can be expressed like:
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1
R.=1-(1- Rm)l; (3.26)
e Exponential Vortex Flow

The n values is set equal to zero, this lead to the following distribution for the velocities at the

rotor inlet:

b
Corr =a——
01,r 1y (3.27)
5 1
Cmir = Cmim — 2 [a log.ul + ab (Z - 1)] (328)
Now the constant a is
a=UypRy—1) (3.29)
Between the rotor and the stator velocities are:
N b
C =a —_—
62,r " (3.30)
5 1
Cm2r = Cm2,m — 2 [a log u, —ab (E - 1)] (3.31)
Whereas at the outlet of the stage:
b
Cog3r =a— —
63,r s (3.32)
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1
Cm3r = Cm3m — \/2 [az log us + ab (/1_ - 1)] (333)

3

This time the reaction is:

R, =1+ (1-R,) (1 - %) (3.34)

e Constant Reaction Vortex Flow

This distribution is achieved setting n equals to one, the values of constant a is the same for
the free vortex law.

The velocities at the rotor inlet are:

Co1 = Ay _l% (3.35)
Cmir = Cmim + v 4ablogu; — 2a2(uy? — 1) (3.36)
Instead for the inlet of the stator:
b
Coz = AUz + s (3.37)
Cmzr = Cmam ++ —4ablog u, — 2a2(up? — 1) (3.38)

At the outlet of the stator the same equation for the rotor inlet are used:
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Co3 = Qi3 _u% (3.39)
Cm3r = Cmam + V4a-blogus —2a?(uz? — 1) (3.40)

For this distribution the trend of reaction is:
R, =1-(1—Ry)( —2logus) (3.41)

3.4 STAGES AND OUTLET GUIDE VANES PROPERTIES

Once that the axial and absolute tangential are founded all the other characteristic of the flow
such the angles and the velocities, and the static, relative and total properties can be found
both at the hub and the tip of the blade.

Here only a review of the hub properties has been made, for the tip all the calculation follow

the same steps.
34.1 Rotor inlet
If the rotor is the first one of the compressor, the axial velocity and o, are the same of the inlet

specification, in another case, they are the same as the previous stator outlet ¢,z and os, the

same is for the total properties.

e Velocities and flow angles

_ rl,hub 1T RPM
Wo1,nub = Ui hub — Co1,n (3.43)
_1 { Wo1,hub
Bipup = tan™? <_ - ) (3.44)
Cm1,hub
W _ le,hub
Lhub = 7, Y
“ COS(ﬁLhub) (3.45)
c — le,hub
1,hub —Cos(al,hub) (3.46)
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e Flow properties
To find the total enthalpy and entropy the state function has been used, with the first of this

values it is possible to find the static enthalpy, and then all the other static properties:

2
C1,hub
hinup = ho1 — 5 (3.47)
hl,hub state function
S —— DPvhub T1hub CP1pubs Prvs K1 hubs V1, hubs @1,nub (3.48)
1,hub

The speed of sound a; is fundamental to find the relative Mach number and the axial Mach

number:

My 1,hup = b (3.49)
Qa1,nub '

Mema hup = i (3.50)
Qa1,hub '

In order to calculate the relative temperature and relative pressure at the inlet of the rotor, is

necessary find the total relative enthalpy:

hotrethub = Mipub + Winup (3.51)

hOl,rel,hub state properties
_—
Po1,ret,hub, TO 1,rel,hub (3.52)

Sl,hub

The last step of the rotor inlet is to calculate the rothalpy:

2 2
Winub” Ui hub
Iy pup = Py pup + zu - Zu (3.53)

3.4.2 Stator inlet

e Velocities and flow angles
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rZ,hub - RPM
Uz hup = 30 (3.54)
Woz,hub = Uz hub — Co2,hub (3.55)
C2,hub = \/ Cmzhub® F Cha,nub (3.56)
W2 hub = J Cmzhub” + Woz,hub® (3.57)
hub = — :

2 Cm2,hub (3.58)

—1 [ W62,hub
Bapup = tan™* <—u> (3.59)

Cm2,hub

e Flow properties

The static enthalpy at the stator inlet can be found from to the rothalpy which is constant
across the rotor:
Iz hub = It hub (3.60)

2 2
Wihub | Uz nub
hopub = lpup ==+ 5 (3.61)

To find the static properties at the rotor exit, the exit entropy must be known, it can find from
its increase in the rotor, at the beginning with an approximation, then with the correct values

thanks to the iteration:

Sa,nub = Stpup T AS2-1 (3.62)
hZ,hub state function
S ——> D2,nub T2,hubs Cp2,hubs P2,nubs K2,hub,V2,hubs 2,hub (3.63)
2,hub
C2,hub
Mep pup = —
, 2 b (3.64)
Cm2,hub
My o = :
’ a2 hub (3.65)
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The total relative enthalpy, together with the entropy allow to find the relative properties at

the stator inlet:

2
W2 hub
hozrethub = Mo nup + —Zu (3.66)
hOZ,rel,hub state function
SZ b — DPoz,relhub’ TOZ,rel,hub (367)
,hu
And for the total properties:
C%hub
hozhub = hopup + T (3.68)
hOZ,hub state function
Sy —— Poz,hub> T02,nub (3.69)
,AU

Before to continue the calculation for the stator outlet the deHaller number of the rotor has

been calculated:

W2, hub
dH =—
rtr,hub W1 hub (3.70)
3.4.3 Stator outlet
The last step of the calculations for the stages is the exit of the stator:
e Velocities and flow angles
At the stator outlet does not exists relative components of the velocities:
a =tan~! <—C93‘hub) 3.71
3.ub C'm3,hub ( ' )
c _ Cm3,hub
3,hub COS_l((X3'hub) (3.72)

e Flow properties
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Across the stator the total enthalpy remain constant, this is fundamental to find the static

properties at the outlet:

hoz hub = hoz,nub (3.73)
€3 hub
Rz hup = ho3nup — '2 (3.74)
S3,nub = Sz,nup + AS3-2 (3.75)
hg,hub state function
Sa b ———D3,hub» T3,hubs Cp3,hubs P3,hubs K3 hub,V3,hub» 43, nub (3.76)
3,hu
C3,hub
M, =—
c3,hub a3 hub (3_77)
Cm3,hub
M = .
ems3 az,hub (3.78)

With the total enthalpy is easy to find the total pressure and temperature:

h03,hub} state function
_—

S b Po3,hub» T03,nub (3.79)

As did for the rotor also for the stator the de Haller number has been found:

C3 hub

sttr,hub = Co b (3.80)

34.4 Outlet Guide Vanes (OGV)

Once the calculations are finish for all the stages of the compressor, ones for the OGV start.
This part of the compressor is another stator placed after the last stage, before the combustion
chamber, in order to decrease or eliminate the swirl component of the flow which could
interfere with a good combustion.

The steps of calculation are very similar to the stator ones:

e Velocities and flow angles
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CmocGv,hub = Cm3,hub (3.81)

CoGv,nub = CmoGv,hub (3.82)

Since a zero whirl is needed, the axial velocity is equal to the absolute velocity.

e Flow properties

The static properties of the flow in the OGV are:

hoocv,hub = Roz,nub (3.83)
Co6v,hub
V,hu
hogvhub = hoocv,hub — > (3.84)
SoGv,nub = S3,nub T ASpgy (3.85)
hogv,nub T k
S PocGv,hub» L 0Gv,hubs €poGv,hubs PoGv,hubr K0GV,hub,V0oGV,hub» A0GV,hub (3.86)
0GV,hub
M _ CoGv,hub
cOGV,hub —
AoGv,hub (3.87)

As regards the total properties the total enthalpy of the OGV has been used:

hOOGV,hub state function
S —— PooGv,hub» TooGv,hub (3.88)
OGV,hub

And finally, the de Haller number is:

Cogv,hub

dHogy,nup = (3.89)

C3 hub

3.5 BLADE ANGLES AND DIFFUSION FACTOR

351 Rotor

In order to find all the blade characteristic at the hub and the tip of the blade, the pitch to
chord ratio (S/c) and the thickness chord ratio (t/c) has to be found:
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drtr,hub = 2T Trtrhub

drtr,hub

Spcrtr,hub -

nbl,rtr
(E) _ Spcrtr,hub
c rtr,hub nbl,rtr

t t
(©) o = )., 23
c rtr,hub C/rtr

Theory used in the code

(3.90)

(3.91)

(3.92)

(3.93)

The pitch to chord ratio is found from the diameter of the rotor at the hub, the spacing

between the blade and the number of the blades in a row; the thickness is assumed to be 1.5

more than the values at the mid span for the hub and 0.5 for the tip.

The relative inlet and outlet angles are the same of the flow, B1nu and Bo e, and the Mach

number used is the relative one, with all these parameters set, using the Blade angles function

all the blade values for the rotor can be found:

Bihup
ﬁz,hub

<SC )
rtr,hub
(Ct )
rtr

Mwl,hub J

To find the diffusion factor at the hub and the tip Deq_starl function has been used:

Bipub
ﬁz,hub
Cm1,hub
Cm2,hub
T1,hub

rz,hub Deq_starl

Ol
C/rtr,hub

@)
C/rtr,hub

AVDR,,
Memi,hub /

blade function
g ? Lrtr hub» 6rtr,hubr ertr,hub» Vrtr,hubr ﬁbl,hubr lgbz,hub

* *
Deq,rtr,hub)' (Deq,rtr,hub)uebleinr (Deq,rtr,hub)KochSml-th

(3.94)

(3.95)
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3.5.2 Stator blade angles

The thickness of the stator is assumed to be constant in the radial direction of the blade, and

this time the relative inlet and outlet angles are o and oz pyb.

Arshub = 2° T " Tser,hub (3.96)
spc _ dstr,hub
rs,hub — 3.97
nbl,str ( )
(S) _ SPCstr,hub
- = 3.98
C/ str,hub Npistr ( )
O2,hub
a3, hub
S
- blade function
C/str,hub > Lstr hub» 6str,hub' Hstr,hubr Vstr,hub» ®b2,hub) Xb3,hub (3.99)
t)
<C str

Mcz,hub J
The diffusion factors are founded from:

a2 hub
a3,hub
Cm2,hub
Cm3,hub
T2,nub

T3 hub De

, q_starl . .
(S) g ? Deq,rtr,hub)r (Deq,rtr,hub)ueblein' (Deq'rtr'hub)KochSmith (3100)
str,hub

c

()
C/str
AVDRg,,
Mcmz,hub J

Page 50



Two Dimensional Design of Axial Compressor Theory used in the code

The same procedure is applied at the OGV with azpny as relative inlet angle and zero as

relative outlet angle.

3.6 BLADE SHAPE

In the past, blade designs are standardized, divided in two big families of airfoils, one used in
America practice, defined by the National Advisory Committee for Aeronautics (NACA); the
other, used in british practice, referred to a circular-arc or parabolic-arc camberlines (C-series
family).

Recently, with the grow of specific application, and the need of more efficiency profiles,
inverse design method is used; thus the blade is modelled in order to satisfy the required
loading and flow behaviour; however this airfoil designs are always proprietary.

The blade profile adopted in this work is the double circular arc, used for compressor
operating at subsonic inlet Mach numbers more than 0.5 (high subsonic), and trans-sonic one;
all the mathematic formulation are taken from Aungier.

The camberline of the blade is a circular arc defined by the camber angle, $, and the chord

length ¢, from them is possible to find the radius of curvature:

Re = %@ (3.101)
The origin of this radius is located in (0,y):
Ye = —R. cos (g) (3.102)
Thus it is possible to have the trend of the curve:
y =Y+ R —x? (3.103)

where x goes from —c/2 to c/2.

Page 51



Two Dimensional Design of Axial Compressor Theory used in the code

The leading and trailing edge of this airfoil family are made up of two nose of radius ro which
connect the suction and the pressure side.

The radius of the upper surface is:

d? —r¢ + [c/2 — 1y cos(8/2)]?

R, = 2T (3.104)

Where d is:

t .
d =y(0) +— —rpsin (5> (3.105)

y(0) is the camberline coordinate at mid chord:

y(0) = Stan (%) (3.106)

and t, is the maximum thickness of the blade.

The distance from the centre of the nose and the mid-chord is:

c 0
e =% - rpcos () 610
The origin of the suction side is:
tp
Yuo =y(0) +—— Ry (3.108)

The upper surface is obtained from:

Yu = Yuo +VRE— x4 (3.109)

Xy 1S included from -Ax, and AX,.

The pressure surface can be obtained in the same way using negative values for t, and ro.
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0.06 T T T T T

0.04 -

0.02 -

-0.02 - -

-0.04 - -

-0.06 - -
-0.06 -0.04 -0.02 0 0.02 0.04 0.06

Figure 3-4 Matlab plot of a double circular arc profile

To get the staggered blade geometry a rotation of coordinates to the stagger angle, y, has been

made:
Xstaggered — X COS(V) -y Sin(]’) (3.110)
YVstaggered = X sin(y) + ytan(y) (3.111)
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CHAPTER 4  APPLICATION

A simulation for an axial compressor has been made to show how the code work and the
results that it produce.

The next table showed the characteristic chosen for the compressor:

Number of stages 16
Mass flow 122 [kg/s]
Pressure ratio 20
Rotational speed 6600 [rpm]
Reaction 0.55

Table 1 Main characteristic of the compressor

The constant exit hub to tip ratio has been selected for the compressor type field, thus the
AVR along the compressor does not need to be set anymore; the chosen swirl law is the
forced vortex one.

For the inlet specification the values are:

o 15
() 0.65
HIT 0.52

Table 2 Inlet specification

The other specifications along the compressor are:

First stage Last stage

elc
Rotor 0.02 0.02
Stator 0 0
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H/c
Rotor 2.5 1
Stator 3.5 1
First stage Last stage
Tlc
Rotor 0.06 0.06
Stator 0.06 0.06
DF
Rotor 0.45 0.45
Stator 0.45 0.45
BLK 0.98 0.88

Application

The outlet velocity at the OGV is set at 130 and the distribution of the loading, @, start from1

and decrease until 0.8 at the end of the compressor.

Once that all these parameters are fixed, the code can be run; when all the iteration are

conclude, the compressor flow path and the velocity diagrams for each stage appears (Figure

4-1).

— Resutt
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0.5

0.

I

03

0.2

01F

]DDD]UD[UDDD]D]D]DDD]DDD]DDDDDDD

L
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L L L
0.4 0.6 0.8

180 1

100+

801

0
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1 etap 9299
eta s 9281

0

50
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300

<7

240.81
189.2
275.08
162.32
47 62
30.92

Figure 4-1 Flow path and velocity diagrams from the hub to the tip
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Application

The red coloured line are used for the rotor and the blue one for the stator, the paler colour

specify the velocity diagram for the hub of the blade, and the darker colour the velocity

diagram for the tip.

The behaviour of the velocity is what we expect, indeed the forced vortex swirl law involve

the increase of tangential velocity from the hub to the tip to balance the coincident increase of

pressure.

The main characteristics of the compressor can be found in the Result file printed in Windows

block notes format, in order to be clear and simple to read.

Polytropic efficiency
Isentropic efficiency
Temperature rise
Inlet Mach @ tip
Specific massflow

Compressor power

92.69 %
90.91 %
4225 [K]
1.08
231.4 [kg/(s m"2)]
53.31 [MW]

Table 3 Compressor performance

LUAX-C also plot the shape of the blade for each stage, both for the rotor and the stator, thus
it is possible to check how their physics characteristic and dimension changes along the

compressor.

STAGE NUMBER:7

0.02f-

0.01-

o
7

-0.01 ‘/‘ //

-0.02

[m]

-0.03 -

-0.04 -

-0.05

-0.06 -

r

-0.05 -0.04 -0.03 -0.02 -0.01 O 0.01 0.02 0.03 0.04 0.05
[m]

Figure 4-2 mid span blade shape
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Another plot permitted by this new version of LUAX-C is the behaviour of the blade along its
span both for the rotor and the stator.

Rotating the view allow to have a better idea of the influence of the chosen swirl vortex on the
blade shape.

Rotor Shape for Stage Number:7 Stator Shape for Stage Number:7
0.44
044 Ny ~ ‘\
™ N 0.43 )
0.43.]
0.42 0.42.
0.41 LN 0.41
0.4 {// ™ 0.4 \
E YN ‘e \
= 0.39 i N = 0.39
0.374 N
0.37
0.36 - - ~
ATONL | O 0.36
0.35~ 1 —[[| ~
002" S

All the results have been confronted with literature, the behaviour of the velocity from the hub
to the tip for each swirl law, match with the existing dates (Aungier, 2003) at same initial

parameters.
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CHAPTERS USER’S GUIDE

In order to permit the choice of the swirl law and the new compressor type needed for the
design of the compressor, and the plot of the blade shape, the pre-existing GUI, Graphic User
Interface, has been modified.

When constant exit hut tip ratio is select, C_OGV window appears, and the Axial Velocity
Ratio one disappear because now is useless.

Furthermore choosing the General Whirl Distribution, the window for the pick of the n values
come into view, consent to select the desire swirl law (Figure 5-1).

Another extension make is the chance to do another bleed, improving the control on stall.

To start the calculation, after that all the parameters has been chosen, clicking on Create Data

File the input file will be created in a text file form where is also possible to change all the

dates.
File Edit View Insert Tools Desktop Window Help k]
— Data File Info—————————————————— Ambiert Concitions ——— . . .
Fils Name Comp Pressure 1013 LUAXC By Miclas Falck, Daniele Perratti, Magnus ngrup
Temperature 238 Lund University Axial Flow Compressor April 2013
— Compressor Specification: — Result

Compressor Type  Const ExitH... - [ Air bleed [] 2nd bleed

Mr. Stages 15 Stage
Mass Flow 122 Arnount
Pressure Ratio 20
Rotational Speed BRO0 Swirl Law Ceneral W..
Set Reaction 055 N (-1)—=Fre. =

S/C calc. based on |piffiusion Fa.. »| C_0GY [SUESEENEREIE
: (0) —= Exponential Vortex Flow

— Epsilonic————————— (1) —= Constant Reaction Vortex Flow
First Stg Last Sty
Rotor | 0.02 0.02
Stator 0 0
— Aspect ratio (HAC — Blockad
First Stg Last Sty First Sty &:th Sty
Rotor | 25 1.00 0.98 0.88
Stator | 35 1.00
—mn— — Diffusion Factor —
First Stg Last Sty First Sty Last Sty
Rotor | 0.06 0.06 Rotor | 0.45 0.45
Stator | 0.06 0.06 Statar | 0.45 0.45
— Inlet Specifications ——— — Loading(PSI) distribution
Alpha 15 Inlet 1
PHI 065 Middle 0.9
HT 0.52 Outlet 08

l Open Result File“ Surge Graph " Data transfer to CompAero ]

Create Data File “ Load Data File “Open!Edltl l RUN l l Blade Cascade Graph ” Blade Hub to Tip Shape
C:\Jsers\D\Documents\MATLAB\Comp_Inputdata.txt

Figure 5-1 LUAX-C Main Window
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Now is possible to start the calculation, selecting the RUN button, once all the loop are
terminated, both the shape of the flow path and the velocity diagrams appears; the duration of
this process can take some minutes, it depends from the performance of the calculator.

The Open Result File button open a Windows note file that contains all the result, from the
first stage to the OGV.

Two new buttons have been added, Blade Path Graph, which plot the rotor and the stator
airfoil at the mid-span, together for each stages, and Blade Hub to Tip Shape, which plot the
blade shape in the three positions.

File Edit View Inset Tools Desktop Window Help N
— Data File nfo—————————— Ambient Condtions ——— . . i
File Name Comp Prassure 1013 LUAX-C By Miclas Falck, Daniele Perratti, Magnus Ge.nrup
Ternpetature 288 Lund University Axial Flow Compressor April 2013
[rov)
— Compressor Specification: — Result
Compressor TYpe | Const ExitH.. | [ Air bleed [] 2nd bleed 0.7 T T T T
Mr. Stages 16 Stage 0.6 b
Mass Flow 122 Amount
Pressure Ratio 20 051 7
Rotational Speed 6600 Swirl Law | Forced Vo, - 04l I:I:"]DI:I:II]:II]:I i
Set Reaction 055 ) DD[DDDD]DDDDDDD
: 0.3 e
SIC cale. based on Hearsey v C_OBY 130
— EpsilontC ————————— 0.2- |
First Stg Last Sty
Rotor | 0.02 | | 0.02 Bl il
Stator 0 0 0 | L ! ! ! f I
— Aspect ratio MHIC — Elockag - 0 02 04 0.6 0.8 1 1 1 ! 42 16
First Sty Last Sty First Sty &:th Sty 200 b £ EEEm Zm7
Rotor | 25 || 1.00 098 || 088 \ W55 2224
Stator ) )
35 100 150 - ‘ | U 2907 2907
—mne—Diffusion Factor—————
First Stg Last Sty First Sty Last Stg ‘ | | Cm 82 HEBE
Ratar | 0.06 0.06 Rotar | Q.45 0.45 100+ | | i r:pra 511?"9 ;igi
Stator | 0.06 0.06 Stator | 0.45 0.45 | | eta =l :
o . —_ 501 || - etap 92.51
— Inlet Specifications —— — Loading(PS1) distribution | | | | otas 9211
Alpha 15 Inlet 1 0 | | ! ! @ 1 E]
PHI 086 ibiele 0.9 0 50 100 150 200 250 300 350
HT 0.52 Outlet 0.8

l Open Result File" Surge Graph ” Data transfer to CompAero ]

Create Data Fil Load Data File | Open/Edit
feale TA1a IE“ pad Jata e “ Lot II RUN ‘ lBIade Cascade Graph "E.llade Hub to Tip Shape

Ci\Users\D\DocumentssMATLABVC omp_Inputdata.

Figure 5-2 Complete run window
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FIGURE 5-2 COMPLETE RUN WINDOW
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B, Matlab code

B1, Forced vortex law

Sddddsisssssdddssaddddissadadddssadaddidsaadadidsaaaan R RaRRR AR

SHH ##
SH# Forced Vortex law ##
SH# #4#
SH# Daniele Perrotti 2013 ##
SH# ##
SH# Lund University/Dept of Energy Sciences ##
SH# ##

SH AR A A A A A A R R R R 4

globalvariables %call for the global variables
global i flow j

SHE##H###H#H4HF Forced Vortex for compressor stages #########4#

SHEfH At A A A A 4
SHE##HFHHH###HHSE Station 1 Forced Vortex law ###########444#
SHEHH At E A A A At A 4

$C1_FV_hub

C thetal FV hub(i)=Cml(i)* ((r hub 1(i)/r rms 1(i))*tand(Alphal(i)));
%C_thetal at the hub

Cml FV hub(') (1+2* ((tand (Alphal (1)) "2* (1-

(r_ hub 1(i)/r rms 1(i))"2))))"0.5*Cml (1)

Ul_FV_hub( i)= r_hub_l( i) *pi*RPM/30;

W_thetal FV hub(i) = Ul FV hub(i)-C_ thetal FV_hub(i);
Betal FV ~hub (i) = atand(W thetal FV hub ( /le FV_hub (1))
W1l FV hub(i) = Cml_FV hub( )y /cosd (Betal _FV _hub(i));

$C1_FV_tip

C thetal FV tip(i)=Cml(i)*(r tip 1(i)/r rms 1(i))*tand(Alphal(i));
%C_thetal at the tip

Cml FV tip(') (1+2* ((tand (Alphal (i)) "2* (1-

(r tlp 1(i)/r rms 1(i))72))))"0.5*Cml(i); %Cml at the tip
Ul_FV_tlp( i)=r tip 1(i)*pi*RPM/30;

W_thetal FV_tip(i) = Ul_FV_tip(i)-C_thetal FV_tip(i);
Betal FV tip(i) = atand(W thetal FV _tip(i )/le FV tip(i));
Wl FV tip(i) = Cml FV tip(i)/cosd(Betal FV tip(i));
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SHE##HHHHHHHEHHHH#ES Station 1 Forced Vortex Rotor inlet ##############44#4

SH#### HUB
if i==
Cml FV hub(i) = Cm in;
Alphal FV _hub (i) = Alpha in;
else

Alphal FV hub(i) = Alpha3 FV hub(i-1);

end
Cl FV _hub(i) = Cml FV hub(i)/cosd(Alphal FV hub(i));
SH#F#HF TIP
if i==
Cml FV tip(i) = Cm_in;
Alphal FV tip(i) = Alpha in;
else
Alphal FV tip(i) = Alpha3 FV tip(i-1);
end
Cl FV _tip(i) = Cml FV tip(i)/cosd(Alphal FV tip(i));

SHEfHH#FHE#H##EEHF Station 1 Forced Vortex total properties ##########4##4#

SH##H## HUB

if i==1 % The first stage
POl FV hub(i) = PO _in;
TO01l FV hub(i) = TO0 in;

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV,
y S02, y H20, y CO2, y N2, y 02, y Ar,
y_Hel]=state('PT',P01 FV hub(i),T01 FV hub(i),0,1);

HO1 FV_hub(i) = H;
% S01(i) = S;
% S1(i) = S;
else
POl FV hub (i) = P03 _FV hub (i 1);
TO1l FV hub(i) = T03 FV hub(i-1);
HO1 FV hub(i) = HO3 _FV hub(i-1);
% S01(i) = S3(i-1);
% S1(i) = S3(i-1);
end
SH### TIP
if i==1 % The first stage
POl FV tip(i) = PO _in;
TO0l FV tip(i) = TO_ in;

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV,
y_S02, y H20, y CO2, y N2, y 02, y Ar,
y Hel=state('PT',P01 FV tip(i),TO0l FV tip(i),0,1);

HOl FV_tip(i) = H;
% S01(i) = s01;
% S1(i) = S1;

Page 64



Two Dimensional Design of Axial Compressor Appendix

else
POl FV tip(i) = P03 _FV tip(i-1);
TO1l FV tip(i) = TO3 FV tip(i 1);
HO1 FV tip(i) = HO3 _FV tip(i-1);

% S01 (i) = 83( 1)

% S1(i) = sS3(i-1);

end

SHEfH#F S #F #4444 Station 1 FV static properties ########4#4#4#
SH####### at the Hub

H1 FV _hub(i) = HOl(i)-(Cl_FV hub(i)”"2)/2; % Static enthalpy at rotor inlet
Fv

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel=state('HS',Hl1 FV hub(i),S1(i),0,1);
P1 FV hub(i) = P;

Tl FV_hub (i) = T;

Cpl FV hub(i) = Cp;
rhol FV hub(i) = rho;
Viscl FV hub(i) = Visc;

i)
kappal FV hub (i

) = kappa;
al FV hub(i) = a;
MWl FV hub(i) = Wl FV hub(i)/al FV hub(i); % Station 1 relative Mach
FV_hub
MCml FV hub(i) = Cml FV hub( /al FV hub(i); % Relative inlet meridional

Mach FV_hub
SH#f###S at the Tip

H1 FV tip(i) = HO1(i)-(Cl FV tip(i)~2)/2; % Static enthalpy at rotor inlet
Fv

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('HS',Hl FV tip(i),S1(i),0,1);

Pl FV tip(i) = P;

Tl FV tip(i) = T

Cpl FV tip(i) = Cp;

rhol FV tip(i) = rho;

Viscl FV tip(i) = Visc;

kappal FV tip(i) = kappa;

al FV _tip(i) = a;

MWl FV tip(i) = W1 FV tip(i)/al FV tip(i); % Station 1 relative Mach
FV_tip

MCml FV tip(i) = Cml FV tip(i)/al FV _tip(i); % Relative inlet meridional

Mach FV tip
SHHFHEHHEHSEHS Station 1 FV relative properties ###### 44444444
SH####### at the Hub

HO1l rel FV hub(i) = Hl1 FV hub(i)+ (Wl FV hub(i)"2)/2; % Relative total
enthalpy
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(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y _H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',HOl rel FV hub(i),S1(i),0,1);

POl rel FV hub(i) = P;

TO1 rel FV hub(i) = T;

I1 FV_hub(i) = H1 FV hub(i)+ (Wl FV_ hub( )/2-(Ul_FV _hub(i)"2)/2; %
Station 1 rothalpy at the hub

SH#####E at the Tip

HO1l rel FV tip(i) = Hl1 FV tip(i)+ (Wl FV tip(i)"2)/2; % Relative total
enthalpy at the tip

(P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',HOl rel FV tip(i),S1(i),0,1);

POl rel FV tip(i) = P;
T0l rel FV tip(i) = T;
I1 FV_tip(i) = H1 FV tip(i)+ (Wl FV tip(i )/2-(Ul_FV_tip(i)"2)/2; %

Station 1 rothalpy at the tip

SHH A
SHFHFFFHH#######H# Station 2 Forced Vortex law #####4#
SHH A

$ C2_FV_hub

C theta2 _FV hub(i)=Cm2(i)*(tand(Alphal(i)) (r hub 2(i)/r rms 2(i))+(PSI(j,1
)/(Cm2 /U2 )))) s
Cm2 FV hub( ) Cm2(') ((1+2* ((tand (Alphal (i))"2) * (1-
(r_hub 2(1)/r_rms_2(4 ))A2))—

*(t nd(Alphal( 1)) *(PSI(3,1)/(Cm2(1i)/U2(1)))*log(r hub 2(i)/r rms 2(i)))))"
O 5;

U2_FV_hub (i)=r_hub 2 (i) *pi*RPM/30;

W _theta2 FV hub (i) = U2_FV_hub(i)—C_thetaZ_FV_hub(')

C2 FV hub (i) = (Cm2 FV hub (i) "2+C_theta2 FV hub(i)"~2)"0.5;

W2_FV_hub (i) = (Cm2_FV_hub (i) "2+W_theta2 FV_hub(i)2)~0.5;

Alpha2 FV _hub (i) = atand(C_theta2 FV hub ) /Cm2_FV_hub(i));

Beta2 FV hub(i) = atand(W_theta2 FV hub( )/Cm2 FV “hub (1)) ;

$ C2 FV tip

C thetaZ FV tlp( i)=Cm2 (i) * (tand (Alphal (i) ) *(r_tip 2(i)/r rms 2(i))+(PSI(J,1
)/ (Cm2 (1) /U2 (1))))

Cm2 FV tlp( 1) Cm2(') ((1+2* ((tand (Alphal (i))"2)*(1-

(r_tlp 2(1)/r rms _2(1))"2)) -

4*(tand(Alpha1( 1)) *(PSI(3,1)/(Cm2(1i)/U2(i)))*log(r tip 2(i)/r rms 2(i)))))"
0.5;

U2 FV tip(i)=r tip 2(i)*pi*RPM/30;

W _thetaZ FV tip(i) = U2 FV tip(i)-C_theta2 FV tip(i);
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C2 FV_tip(i) = (Cm2_FV_tip(i)~2+C_theta2 FV tip(i)~2)"0.5;

W2 FV tip(i) = (Cm2 _FV tip(i)"2+W_theta2 FV _tip(i)*2)"0.5;
Alpha2 FV tip(i) = atand(C _theta2 FV tip )/Cm2_FV_tip(i));
Beta2 FV tip(i) = atand(W_theta2 FV _tip(i /Cm2 FV _tip (1))
SHEHHHHS4SS Station 2 FV  static properties #####444444

SH#### at the hub

S2(i) = S1(i)+dsS21(1i);

I2 FV hub(i) = I1 FV hub(i); %I.e. constant rothalpy through a rotor
H2 FV hub (i) = I2 FV hub(i)-(W2_FV hub(i)”"2)/2+(U2_FV hub(i)"2)/2;

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,

y_H20, y COZ, y_N2, y 02, y Ar, y He] = state('HS',

H2 FV _hub(i),S2(i),0,1);

P2 FV _hub(i) = P;

T2 FV_hub (i) = T;

Cp2 FV hub (i) = Cp;

rho2 FV _hub(i) = rho;

Visc2 FV _hub (i) = Visc;

kappaZ FV_hub (i) = kappa;

a2 FV hub (i) = a;

MC2 FV_hub (i) = C2_FV hub( /a2 FV_hub(i); % Absolute inlet Mach Fv_hub#
MCm2 FV _hub(i) = Cm2 FV _hub(i)/a2 FV _hub(i); % Relative inlet meridional

Mach FV_hub#

S#### at the tip

S2 (1) = S1(i)+dsS21(i);
I2 FV tip(i) = Il FV tip(i); %I.e. constant rothalpy through a rotor
H2 FV _tip(i) = I2 FV tip(i)-(W2 _FV tip(i)"2)/2+ (U2 _FV_tip(i)"2)/2;

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He] = state('HS',H2 FV tip(i),s2(i),0,1);

P2 FV tip(i) = P;

T2 FV _tip(i) = T

Cp2 FV tip(i) = Cp;

rho2 FV_tip(i) = rho;

Visc2 FV tip(i) = Visc;

kappa2 FV tip(i) = kappa;

az_FvV _tip(i) = a;

MC2 FV tip(i) = C2 FV tip(i)/a2 FV tip(i); % Absolute inlet Mach FV tip
MCm2 FV tip(i) = Cm2 FV tip(i)/a2 FV _tip(i); % Relative inlet meridional

Mach FV_tip

SHHHFHHHH#HHEHS Station 2 FV relative properties ######### #4444
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SH##### at the hub

HO2 rel FV hub (i) = H2 FV hub(i)+ (W2 _FV hub(i)”"2)/2; % Relative total
enthalpy

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',HO02 rel FV hub(i),s2(i),0,1);

P02 rel FV hub(i) = P;

T02 rel FV hub(i) = T;

S##### at the tip

HO2 rel FV tip(i) = H2 FV tip(i)+ (W2 FV _tip(i)~"2)/2; % Relative total
enthalpy

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y _H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',HO02 rel FV tip(i),S2(i),0,1);

P02 rel FV tip(i) = P;

T02 rel FV tip (i) T;

SHEFH####E#HF Station 2 FV total properties #####&####4#
S##### at the hub

HO2 FV _hub (i) = H2 FV _hub(i)+(C2_FV hub(i)"2)/2; % Exit total enthalpy

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He] =

state('HS',H02 FV hub(i),S52(i),0,1);

P02 _FV hub (i)

TO2 FV_hub (i) =

P;
T;
S##### at the tip

HO2 FV _tip(i) = H2 FV tip(i)+(C2_FV tip(i)~"2)/2; % Exit total enthalpy

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He] =

state('HS',HO2 FV tip(i),S52(1i),0,1);

P02 FV tip (i) P;

TO2 FV tip(i) = T;

SH####### deHaller number Forced Vortex law rtr

SH###+ at the hub
dH rtr FV _hub(i)=W2 FV hub (i) /Wl FV hub(i);

S#### at the tip
dH rtr FV tip(i)=W2 FV tip(i)/W1l FV tip(i);

SH A
SHEEHFFFH#####Station 3 Forced Vortex lawdH#######H##4
SHHH A

% C3_FV _hub
C theta3 FV hub(i)=Cm3(i)*(r hub 3(i)/r rms 3(i))*tand(Alphal(i));
%C_theta3 at the hub
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Cm3 FV hub(') =Cm3 (1) *sqgrt (1+2*tand (Alphal (i) ) "2* (1-
(r hub 3(1)/r _rms_3(i))"2)); %Cm3 at the hub

Alpha3_FV_hub? ) = atand(C theta3 FV hub(i)/Cm3 FV hub(i));
C3_FV_hub (i) = Cm3_FV_hub (i) /cosd(Alpha3 FV _hub (1)) ;

$ C3_FV_tip

C theta3 FV tip(i)=Cm3(i)*(r tip 3(i)/r_rms 3(i))*tand(Alphal(i));%C thetal
at the tip

Cm3 FV tip(') =Cm3 (i) *sqrt (1+2*tand (Alphal (1)) ~"2* (1-

(r tlp 3(1)/r _rms _3(i))"2)); %Cm3 at the tip

Alpha3_FV_t1p7 ) = atand(C_theta3_FV_tip(i)/Cm3_FV_tip(i));
C3 FV tip(i) = Cm3 FV tip(i ) /cosd ( (Alpha3 FV tlp( 1)),

SHEFHH##F#E#HF Station 3 FV static properties #########4#

SH#### HUB

HO3 FV hub(i) = HO2 FV hub(i); % Constant total enthalpy through the stator
H3 FV_hub (i) = HO3 FV_hub(i)-(C3_FV_hub( )/2;

S3(i) = S2(i)+dS32(1);

(P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel=state('HS',H3 FV hub(i),S3(i),0,1);
P3 _FV _hub(i) = P;

T3 FV _hub (i) = T;

Cp3_FV_hub (1) = Cp;

rho3 FV hub (i) = rho;

Visc3 FV hub (i) = Visc;

kappa3 FV hub (i) = kappa;

a3 FV _hub (i) = a;

MC3 FV hub (i) = C3 FV hub(i)/a3 FV hub(i);% Absolute inlet Mach FV hub #
MCm3 FV _hub (i) = Cm3 FV_ hub( /a3 FV_hub(i);% Relative inlet meridional
Mach FV_hub #

SH### TIP

HO3 FV tip(i) = HO2 FV tip(i); % Constant total enthalpy through the stator
H3 FV tip(i) = HO3 FV tip(i)-(C3_FV tip(i)"2)/2;

S3 (1) = S2(i)+dsS32(i);

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel]=state('HS',H3 FV tip(i),S3(i),0,1);
P3_FV tip(i) = P;

T3 FV_tip(i) = T;
Cp3_FV tip(i) = Cp;
rho3 FV tip(i) = rho;
Visc3 FV tip(i) = Visc;

i)
kappa3 FV tip (i

) = kappa;
a3 FV _tip(i) = a;
MC3 FV tip(i) = C3_FV hub(i)/a3 FV _hub(i);% Absolute inlet Mach FV hub #
MCm3 FV _tip(i) = Cm3 FV hub(i)/a3 FV hub(i);% Relative inlet meridional

Mach FV_hub #

SHHHFHHHHEH#ESF Station 3 FV total properties ##########
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SH### HUB

(P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('HS',HO3 FV hub(i),s3(i),0,1);
PO3_FV hub (i) = P;

TO3_FV _hub(i) = T;

SH#E## TIP

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO02,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('HS',HO3 FV tip(i),s3(i),0,1);
PO3 _FV tip(i) = P;
TO3 FV tip(i) = T;

SH####### deHaller number Forced Vortex law str
SH### at the hub
dH str FV hub (i)

C3 FV hub (i) /C2 FV hub (i) ;

S####at the tip
dH str FV tip (i)

C3 FV_tip(i)/C2 FV tip(i);

B2, General Whirl Distribution

SR A A A A A A A R R R 4

SH# ##
SHH General Whirl Distribution #4#
SH# Daniele Perrotti 2013 #4
SH# Lund University/Dept of Energy Sciences ##

SR A A A A A A A R R R 4

globalvariables %call for the global variables
global i flow j k REACT

SH A A
SHEHFHFFF######H# Station 1 General Whirl Distribution ##########444444
S A A

Q

% values of the costants

if n =="'FVE'
n=-1;

elseif n =="EVE'
n=0;

elseif n=='CRF'
n=1;

end

if n==0;

aa(i)=abs (Ul (1) * (REACT (1)-1));

elseif n==-1;
aa(i)=Ul(i)* (1-REACT (1)) ;
elseif n==

aa(i1)=Ul(1)* (1L-REACT (1))
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end
bb(i)=1/2* (PSI(j,1i)*Ul(i));

S#### C thetal FREE VORTEX LAW

o thetal FREEV hub( )=aa(i)*(r_hub 1(i)/r rms 1(i))"(n)-
bb( )/(r hub 1(i)/r rms 1(i));
C thetal FREEV tlp( i) aa( ) *(r_tip 1( /r rms_1(i)) " (n)-

bb (i) /(r tip 1(i)/r rms 1(i));

S#### Cml FREE VORTEX LAW

if n==-1
% Cml FREEV hub
Cml_FREEV_hub (i)=Cml (i) ;
Cml_FREEV_tip (i)=Cml (i) ;

elseif n==0

oe

Cml FREEV hub
Cml FREEV hub (i)=sqrt (Cml (i) "2-
(2% (aa (i) "2*log(r hub 1(i)/r rms 1(i))+aa(i)*bb(i)*(1/(r hub 1(i)/r rms 1(i

))=1))))
% Cml FREEV tip
Cml FREEV tip<')—sqrt(0m1(')A2—
(2* (aa (')A2*log(r tip 1(i)/r rms 1(i))+aa(i)*bb(i)*(1/(r_tip 1(i)/r rms 1 (i
))=1))))

elseif n==1
% Cml FREEV hub

Cml FREEV hub (i)=sqgrt (Cml (i) "2+ (4*aa (i) *bb(i)*log(r hub 1(i)/r rms 1(i))-

2*aa (i) "2* ((r_hub 1(i)/r rms 1(i))"2-1)));

% Cml FREEV tip

le_FREEV_tip(')—sqrt(le(')A2+(4*aa(i)*bb(i)*log(r tip 1(i)/r rms _1(i))-
2*aa (i) "2* ((r_tip 1(i)/r rms 1(i))"2-1)));

end

$W1_FREEV_hub
Ul_FREEV_hub (i)=r_hub 1 (i) *pi*RPM/30;

W_thetal FREEV_hub (i) = Ul_FREEV_hub (i)-C_thetal FREEV_hub(i);
Betal FREEV hub(i) = atand (W _thetal FREEV hub(i)/Cml FREEV hub(i));
W1l FREEV hub (i) = Cml FREEV hub (i )/Cosd(Betal_FREEV_hub( i));

SW1 FREEV tip
Ul FREEV tip(i)=r tip 1(i)*pi*RPM/30;

W_thetal FREEV tip(i) = Ul FREEV tip(i)-C_thetal FREEV tip(i);
Betal FREEV tip(i) = atand(W thetal FREEV _tip (i /le FREEV tip(i));
Wl FREEV tip(i) = Cml FREEV tip (i )/cosd(Betal FREEV tlp( i));

S HHHHEHHHFFHFFESEHFHHSF Station 1 General Whirl Distribution Rotor inlet ####
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SH### HUB
if i==
Cml FREEV hub (i) = Cm_in;
Alphal FREEV hub (i) = Alpha in;
else
Alphal FREEV hub (i) = Alpha3 FREEV hub(i-1);
end
Cl FREEV hub (i) = Cml FREEV hub (i) /cosd(Alphal FREEV hub(i));
SH### TIP
if i==
Cml FREEV tip(i) = Cm_in;
Alphal FREEV tip(i) = Alpha in;
else
Alphal FREEV tip (i) = Alpha3 FREEV tip(i-1);
end
Cl FREEV tip(i) = Cml FREEV tip(i)/cosd(Alphal FREEV tip(i));

SHef#H#fHE####44# Station 1 General Whirl Distribution total properties
#HAS SRS S

SH#### HUB

if i==1 % The first stage
POl FREEV hub (i) = PO _in;
TO1 FREEV hub (i) = TO in;

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV,
y S02, y H20, y CO2, y N2, y 02, y Ar,
y Hel=state('PT',P0l FREEV hub(i),T0l FREEV hub(i),0,1);

HO1 FREEV hub (i) = H;
% S01 (i) = S;
% S1(i) = S;
else

POl FREEV hub
TO1 FREEV_ hub

) = P03_FREEV_ hub (i-1);
) TO3 FREEV hub (i-1);

i) = HO3 FREEV hub (i-1);

i
1

oo~~~ ~

HO1l FREEV hub
% S01 (i) = S3 1);
% S1(i) = S3(i-1);
end
SH#H# TIP
if i==1 % The first stage
POl FREEV tip(i) = PO_inj;
TOl FREEV tip(i) = TO0 in;

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV,
y _S02, y H20, y CO2, y N2, y 02, y Ar,
y _Hel=state('PT',POl FREEV tip(i),TOl FREEV tip(i),0,1);

HOl FREEV tip (i) = H;
% S01(i) = S;
S S1(i) = S;
else
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PO1 FREEV tlp(l) = PO3_FREEV_tip(i—l);
TOl _FREEV tlp(l) = TO3_FREEV_tip(i—1);
HO1l FREEV tlp(l) = HO3_FREEV_tip(i—l);
% SOl( ) = S3(i-1);
% S1(i) = S3(i-1);

end

Appendix

SHHFHEH A EHAEHESE Station 1 General Whirl Distribution static properties

HHEFHR AR ERA

SH#####4# at the Hub

H1 FREEV hub (i) = HO1(i)-(Cl _FREEV hub(i)"2)/2;
inlet FREEV

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a,
y _H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',H1 FREEV hub(i),S1(i),
Pl FREEV hub(i) = P;
)

0,1);

T1 FREEV hub(i) = T;

Cpl FREEV hub (i) = Cp;
rhol FREEV hub (i) = rho;
Viscl FREEV hub (i) = Visc;

i)
kappal FREEV hub (i) = kappa;
al FREEV hub(i) = a;

MWl FREEV hub (i
Mach FREEV hub

) = W1 _FREEV hub(i)/al FREEV hub (i

Mle_FREEV_hub(i) = Cml FREEV hub (
meridional Mach FREEVﬁhub

SHEf###E at the Tip

H1 FREEV tip(i) = HOl(i)-(Cl FREEV tip(i)~2)/2;
inlet FREEV

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a,
y_H20, y CO2, y N2, y 02, y Ar,
y He]=state('HS',H1 FREEV tip(i),S1(i),0,1);

Pl FREEV tip(i) = P;

T1 FREEV tip(i) = T;

Cpl FREEV tip (i) = Cp;

rhol FREEV tip(i) = rho;

Viscl FREEV tip (i) = Visc;

1)
kappal FREEV tip(i) = kappa;

)
al FREEV tip(i) = a;

MWl FREEV tip (i)
Mach FREEV tip

= W1 FREEV tip(i)/al FREEV tip (i

MCml FREEV tip (i) = Cml FREEV_ tip (i)
meridional Mach FREEV tip

) /al FREEV hub (i

/al FREEV tip(i); %

Static enthalpy at rotor

crit, FARsto, LHV, y S02,

Station 1 relative

)i %

i); % Relative inlet

Static enthalpy at rotor

crit, FARsto, LHV, y S02,

Station 1 relative

i); %

Relative inlet

SHHHFHHHAEHAEHS Station 1 General Whirl Distribution relative properties

FHEHHHHES AR

SHE####4# at the Hub
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HOl rel FREEV hub (i) = H1 FREEV hub(i)+ (Wl_FREEV_hub(i)AZ)/Z; % Relative
total enthalpy

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO02, y N2, y 02, y Ar,

y Hel=state ('HS',HO1 rel FREEV hub(i),S1(i),0,1);

POl rel FREEV hub (i) = P

TO1l rel FREEV hub(i) = T;

I1 FREEV hub( ) = Hl FREEV hub( )+ (W1l _FREEV_ hub ( ) /22—
(Ul FREEV_hub ( )/2; % Station 1 rothalpy at the hub

SH#####4 at the Tip

HOl rel FREEV tip(i) = H1 FREEV tip(i)+ (Wl FREEV tip(i)”~2)/2; % Relative
total enthalpy at the tip

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y_H20, y CO2, y N2, y 02, y Ar,

y Hel=state('HS',HO0l rel FREEV tip(i),sS1(i),0,1);

POl rel FREEV tip(i) = P;
TO1 rel FREEV tip(i) = T;
I1 FREEV tip(i) = H1 FREEV tip(i)+ (Wl _FREEV tip(i)"2)/2-

(Ul _FREEV tip(i)"2)/2; % Station 1 rothalpy at the tlp

SHFHFFF#####H# Station 1 Reaction variation across the radius #########44444

if n==-
REACT1 FREEV hub(i)=1-(1- REACT( ))/((r ~hub rtr(i)/r rms 1(i))"2);
REACT1 FREEV tip(i)=1-(1-REACT(i))/((r_tip rtr(i)/r rms 1(i))"2);
elseif n==
REACTl_FREEV_hub(i)=1+(l—REACT(i))*(1—
2/(r hub rtr(i)/r rms 1(i)));
REACTl _FREEV tip(i)=1+(1—REACT(i))*(1—
2/(r tip rtr(i)/r_rms 1( Y))

elself n=
REACT1 FREEV hub (i)=1-(1-REACT (i))* (1-
2*log(r_hub rtr(i)/r rms 1(i)));
REACTl_FREEV_tip(i)Zl—(1—REACT(i))*(1—
2*log(r _tip rtr(i)/r rms 1(i)));

end

SHEFHHH AR A A A A A R R
SHAFHHFF R AF R HF RS #HAHS Station 2 General Whirl Distribution ########4#
A A A A A AR A A AR A AR R A R R A

S#### C theta2 General Whirl Distribution

C _theta2 FREEV hub(i)=aa(i)*(r_hub 2(i)/r rms 2(i))"(n)+bb(i)/(r hub 2(i)/r
_rms_2(1i));
C _theta2 FREEV tip(i)=aa(i)*(r_tip 2(i)/r rms 2(i))"(n)+bb(i)/(r tip 2(i)/r

7rm572(i7);

SH#### Cm2 General Whirl Distribution
if n==-1

Cm2 FREEV hub (i)=Cm2 (i) ;

Cm2 FREEV tip(i)=Cm2(i);

elseif n==0
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Cm2_ FREEV hub (i )=sqrt(Cm2( i) 72—

(2* (a (')A2*log(r hub 2 (i)/r rms 2(i))-
aa(i)*bb (i) *(1/(r hub 2(i)/r rms 2(i))-1))));
Cm2 FREEV tip (i )=sqrt(Cm2( i)~2-

(2* (aa (')A2*log(r tip 2(1i)/r rms 2(1))-
aa(i)*bb(i)*(1/(r_tip 2(i)/r rms 2(i))-1))));
elseif n==1

Cm2 FREEV hub (i) = sqrt(CmZ(') 2-
4*aa(i)*bb(i)*log(r hub 2(1)/r rms _2(1))-
2*(aa(i)"2)* ((r_hub 2( /r rms_2(1i))"2-1));

Cm2 FREEV tlp( i)= sqrt(CmZ(')AZ—
4*aa(i)*bb(i)*log(r tip 2(i)/r rms 2(i))-
2*(aa(i)"2)*((r_tip 2(i )/rirm572( i))r2-1));
end

$W2_ FREEV hub
U2 _FREEV hub(i)=r hub 2 (i) *pi*RPM/30;

W_thetaZ_FREEV_hub(') = U2 FREEV hub( ) -C_ theta2 FREEV hub( )
Beta2_FREEV_hub(') = atand (W_ theta2 FREEV hub (1) /Cm2_FREEV_ hub (1)) ;
W2 FREEV hub (i) = Cm2_ FREEV_ hub ( /cosd BetaZ FREEV hub(i));

%C2_FREEV_ hub

C2 FREEV hub (i) = (Cm2 FREEV hub (i) *2+C_theta?2 FREEV _hub (1) 72)"0.5;
Alpha2 FREEV_hub (1) = atand(C theta2 FREEV hub /Cm2 FREEV _hub (1)) ;
W2 FREEV tip

U2 FREEV _tip(i)=r tip 2(i)*pi*RPM/30;

W_theta2 FREEV tip(i) = U2 FREEV tip(i)-C_ theta2 FREEV tip(i);

BetaZ FREEV _tip(i) = atand(W thetaZ FREEV _tip (i /Cm2 FREEV tip(i));
W2 FREEV _tip(i) = Cm2 FREEV_tip(i /cosd(BetaZ FREEV tlp( i));

%C2 free tip

C2 FREEV tip(i) = (Cm2 FREEV tip (i) 2+C theta2 FREEV tip(i)~2)"0.
Alpha2 FREEV tip(i) = atand(C_theta2 FREEV tip (i)/Cm2 FREEV tlp(l ;
W2onWl hub (i)=W2 FREEV hub (i) /W1 FREEV hub (i) ;

W2onWl tip(i)=W2 FREEV tip (i )/w1 FREEV tip (1) ;

SH#44#44444 Station 2 General Whirl Distribution static properties
FHFFE AR

$##### at the hub
S2 (1) = S1(i)+ds21(i);

I2 FREEV hub (i) = Il FREEV hub(i); %I.e. constant rothalpy through a rotor

H2 FREEV hub (i) = I2 FREEV hub (i) -
(W2_FREEV hub (i)”~2)/2+ (U2 FREEV hub (i)"2)/2;

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y _H20, y CO2, y_ N2 y 02, y Ar, y He] = state('HS',

H2 FREEV hub(i),S2(i),0,1);
P2 FREEV hub( ) = P;
T2_FREEV hub (i) = T;

Cp2 FREEV hub (i) = Cp;
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rho2 FREEV hub (i) = rho;

Visc2 FREEV hub (i) = Visc;

kappa2 FREEV hub (i) = kappa;

a2 FREEV hub (i) = a;

MC2 FREEV hub (i) = C27FREEV7hub(i)/a27FREEV7hub(i); % Absolute inlet Mach
FREEV hub#

MCm2 FREEV hub (i) = Cm2 FREEV hub(i)/a2 FREEV hub(i); % Relative inlet

meridional Mach FREEV hub#

S#### at the tip

S2 (1) = S1(i)+ds21(i);
I2 FREEV tip(i) = Il FREEV tip(i); %I.e. constant rothalpy through a rotor
H2 FREEV tip(i) = I2 FREEV tip(i)-

(W2_FREEV_ tip(i)~2)/2+(U2_FREEV tip(i)~2)/2;

(P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He] =
state('HS',H2 FREEV tip(i),Ss2(i),0,1);

P2 FREEV tip(i) = P;

T2 FREEV tip(i) = T;

Cp2 FREEV tip (i) = Cp;

rho2 FREEV tip(i) = rho;

Visc2 FREEV tip (i) = Visc;

kappa2 FREEV tip(i) = kappa;

a2 FREEV tip(i) = a;

MC2 FREEV tip (i) = C2 FREEV tip(i)/a2 FREEV tip(i); % Absolute inlet Mach
FREEV tip

MCm2 FREEV tip(i) = Cm2 FREEV tip(i)/a2 FREEV tip(i); % Relative inlet

meridional Mach FREEV tip

SHEFHF#FHEHH#S Station 2 General Whirl Distribution relative properties
FHES SRS

SH##### at the hub

HO2 rel FREEV hub (i) = H2 FREEV hub(i)+ (WZiFREEvihub(i)AZ)/Z; % Relative
total enthalpy

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y C02, y N2, y 02, y Ar,

y _He]=state('HS',HO02 rel FREEV hub(i),S2(i),0,1);

P02 rel FREEV hub (i) = P;

T02 rel FREEV hub(i) = T;

S##### at the tip

HO2 rel FREEV tip(i) = H2 FREEV tip(i)+ (W2 FREEV tip(i)~2)/2; % Relative
total enthalpy
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(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y _H20, y CO2, y N2, y 02, y Ar,

y He]=state('HS',HO2 rel FREEV tip(i),S2(i),0,1);
P02 rel FREEV tip(i) = P;
TOZ_rel_FREEV_tlp( i) = T;

SHH#HF##HF##HF## Station 2 General Whirl Distribution total properties
FHF SRS

S##### at the hub

HO2 FREEV hub (i) = H2 FREEV hub(i)+(C2 FREEV hub(i)"2)/2; % Exit total
enthalpy

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y . Ar, y Hel] =

state('HS',H02 FREEV hub(i),S2(i),0,1);

P02 FREEV hub (i) = P;

TO2 FREEV hub (i) = T;

SHE### at the tip

HO02 FREEV tip(i) = H2 FREEV tip(i)+(C2_FREEV tip(i)”~2)/2; % Exit total

enthalpy

(P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He] =
state('HS',HO2 FREEV tip(i),s2(i),0,1);

P02 FREEV tip(i) = P;

T02 FREEV tip(i) = T;

SHHH##### deHaller number Free Vortex law rtr

S##### at the hub
dH rtr FREEV hub (i)=W2 FREEV hub (i) /Wl FREEV hub (i) ;

SH### at the tip
dH_rtr FREEV tip(i)=W2 FREEV tip(i)/Wl FREEV tip(i);

SHEHHHHHH A E A A 4
SHE###HFHHH####Station 3 General Whirl Distribution##
SHEfHF S HE At A A

S#### C theta3 FREE VORTEX LAW

o theta3 FREEV hub( i)=aa(i)*(r_hub 3(i)/r rms 3(i))"(n)-
bb( )/(r hub 3(i)/r rms 3(i));
C_theta3 FREEV tlp( i)=aa(i)*(r_tip_ 3( /r rms_3(i)) " (n) -
bb(i)/(r tip 3(i)/r rms 3(i));

SH#### Cm3 FREE VORTEX LAW

if n==-1
% Cm3 FREEV hub
Cm3 FREEV hub( )=Cm3 (1) ;

oe

leiFREEvitlp
Cm3 FREEV tip(i)=Cm3(i);
elseif n==
Cm3 FREEV_ hub
Cm3 FREEV hub (i)=sqrt(Cm3 (i) "2-
(2% (aa (i) "2*log(r hub 3(i)/r rms 3(i))+aa(i)*bb(i)*(1/(r hub 3(i)/r rms 3 (i

oe
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o

Cm3 FREEV tip

Cm3 FREEV tip(') =sqrt (Cm3 (i) ~2-
(2* (aa (')A2*log(r tip 3(i)/r rms 3(i))+aa(i)*bb(i)*(1/(r_tip 3(i)/r rms 3 (i
))-1)))):

elseif n==1
% Cm3 FREEV_ hub
Cm37FREEV7hub(')—sqrt(CmB(')A2+(4*aa(i)*bb(i)*log(rihub73(i)/rirm573(i))—
2*aa(i)"2*((r_hub 3(i)/r rms 3(i))"2-1)));
% Cm37FREEV7t1p

Cm3_ FREEV tip(i)=sqrt(Cm3 (i) "2+ (4*aa(i)*bb(i)*log(r_tip 3( /r rms_3(1i))-
2*aa (i) "2* ((r_tip 3(i)/r rms 3(i))"2-1)));

end

% C and U FREE VORTEX

Alpha3 FREEV hub (i) = atand(C_ theta3 FREEV hub (i) /Cm3 FREEV hub(i));
C3_FREEV_hub(i) = Cm3 FREEV hub ( /Cosd Alpha3 FREEV hub( )) s
U3_FREEV_hub(i)=r_hub_3( i) pl*RPM/3O

Alpha3 FREEV tip(i) = atand(C_theta3 FREEV tip(i)/Cm3 FREEV tip(i));
C3_FREEV tip(i) = Cm3 FREEV tip (i ) /cosd ( Alpha3_FREEV_t1p( i));

U3 _FREEV tip(i)=r tip 3(')*pi*RPM/3O

C3onC2 hub (i)=C3 FREEV hub (i) /C2_ FREEV hub (i) ;

C3onC2 tip(i)=C3 FREEV tip(i)/C2 FREEV tip(i);

CmlonUl hub (i)=Cml FREEV hub( ) /UL (1) ;

CmlonUl tip(i)=Cml FREEV tip(i)/Ul(i);

Cm20nU2_hub(1)=Cm2 FREEV hub (1) /U2 (1) ;

Cm2onU2_ tip (i)=Cm2 FREEV tlp(l)/UZ(l),

WlonUl hub(i)= W1 FREEV hub (i) /Ul (i);

WlonUl tip(i)= Wl FREEV tip(i)/Ul(i);

W2onUl hub(i)= W2 FREEV hub (i) /Ul (1i);

W2onUl tip(i)= W2 FREEV tip(i)/Ul(1);

SH########## Station 3 General Whirl Distribution static properties
#HEHHS S

SH### HUB

HO3 FREEV hub (i) = HO02 FREEV hub(i); % Constant total enthalpy through the
stator

H3 FREEV hub (i) = HO3 FREEV hub (i)-(C3 FREEV hub(i)"2)/2;

S3(i) = S2(i)+dS32(1);

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y C02, y N2, y 02, y Ar,
y Hel=state ('HS',H3 FREEV hub (i),S3(i),0,1);

P3_FREEV hub (i) = P;

T3 FREEV hub(i) = T;

Cp3_FREEV hub (i) = Cp;

rho3 FREEV hub (i) = rho;

Visc3 FREEV hub (i) = Visc;

kappa3 FREEV hub (i) = kappa;

a3 _FREEV hub (i) = a;

MC3 FREEV hub (i) = C3 FREEV hub(i)/a3 FREEV hub(i);% Absolute inlet Mach

FREEV hub #
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MCm3 FREEV hub (i) = Cm3_ FREEV hub (i) /a3 FREEV hub(i);% Relative inlet
meridional Mach FREEV hub #

SH### TIP

HO3 FREEV tip(i) = HO02 FREEV tip(i); % Constant total enthalpy through the
stator

H3 FREEV tip(i) = HO3 FREEV tip(i)-(C3_FREEV tip(i)"2)/2;

S3(i) = S2(1)+dsS32(i);

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y C02, y N2, y 02, y Ar,
y Hel=state ('HS',H3 FREEV tip(i),S3(i),0,1);

P3 FREEV tip(i) = P;

T3 FREEV tip(i) = T;

Cp3 FREEV tip(i) = Cp;

rho3 FREEV tip(i) = rho;

Visc3 FREEV tip(i) = Visc;

kappa3 FREEV tip(i) = kappa;

a3 _FREEV tip(i) = a;

MC3 FREEV tip(i) = C3_FREEV hub(i)/a3 FREEV hub(i);% Absolute inlet Mach
FREEV hub #

MCm3 FREEV tip (i) = Cm3_ FREEV hub (i) /a3 FREEV hub(i);% Relative inlet

meridional Mach FREEV hub #

SHFH 44444444 Station 3 General Whirl Distribution total properties
A A

SH#H##4+ HUB

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2Z,
y H20, y CO2, y N2, y 02, y Ar,

y He]=state ('HS',HO3 FREEV hub(i),S3(i),0,1);

P03 _FREEV hub (i) = P;
T03 FREEV hub (i) = T;
SH### TIP

[P, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y C02, y N2, y 02, y Ar,

y He]=state('HS',HO3 FREEV tip(i),S3(i),0,1);

P03 FREEV tip(i) = P;

TO3 FREEV tip(i) = T;

SH####### deHaller number Forced Vortex law str
SH### at the hub
dH str FREEV hub (i) = C3_FREEV hub(i)/C2 FREEV hub (i) ;

SH####at the tip
dH str FREEV tip (i)

C3 FREEV tip(i)/C2 FREEV tip (i) ;
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SH A A A A A A A AR A A A A R R R

SH# Blade angles and diffusion factor from Forced Vortex law
SH# for the compressor stages

##
##

SHEHHHE A A A A R A R A A R R A R R R R R

SHEHHHH SR EE SRS Rotor angles Forced vortex law
SH### at the HUB

diameter rtr hub(i)=2*pi*r hub rtr(i);

spacing rtr hub(i)=diameter rtr hub(i)/numb blades rtr(i);
SONC_rtr FV hub(i)=spacing rtr hub(i)/chord rtr(i);
TONC_rtr hub(i)=TONC rtr(i)*1.5;

rel ang in = Betal FV hub(i);
rel ang out = BetaZ FV hub(i);
SONC = SONC rtr FV hub(i);
TONC=TONC_rtr_ hub (i) ;

M = MWl FV hub(i);

[incidence_angle,deviation_angle,camber angle,attack angle,stagger angle,bl

ade angle in,blade angle out] =
Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle rtr FV hub(i) = incidence angle;
deviation angle rtr FV hub (i) = deviation angle;
camber angle rtr FV hub(i) = camber angle;
attack angle rtr FV hub(i) = attack angle;
stagger angle rtr FV hub (i) = stagger angle;
blade angle in rtr FV hub(i) = blade angle in;
blade angle out rtr FV hub(i) = blade angle out;

SH#### at the TIP

diameter rtr tip(i)=2*pi*r tip rtr(i);

spacing rtr tip(i)=diameter rtr tip(i)/numb blades rtr(i);
SONC_rtr_FV_tip(i)=spacing_rtr_tip(i)/chord_rtr(i);
TONC_rtr tip(i)=TONC rtr(i)*0.5;

rel ang in = Betal FV tip(i);
rel ang out = BetaZ FV tip(i);
SONC = SONC rtr FV tip(i);
TONC =TONC rtr tip(i);

M = MWl FV tip(i);

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,bl

ade_angle in,blade angle out] =
Bladeangles (rel ang in,rel ang out, SONC, TONC, M) ;

incidence angle rtr FV tip(i) = incidence_ angle;
deviation angle rtr FV tip(i) = deviation angle;
camber angle rtr FV tip(i) = camber angle;
attack angle rtr FV tip(i) = attack angle;
stagger angle rtr FV tip(i) = stagger angle;
blade angle in rtr FV tip(i) = blade angle in;
blade angle out rtr FV tip(i) = blade angle out;

SHHFHHHEE A EHS Stator angles Forced Vortex law

SH### at the HUB

Page 80



Two Dimensional Design of Axial Compressor Appendix

diameter str hub (i
spacing str hub (i)
SONC_str FV hub (1)

)=2*pi*r hub str(i);
=diameter str hub(i)/numb _blades str(i);
=spacing str hub (i) /chord str(i);

rel ang in = AlphaZ FV hub(i);

rel ang out = Alpha3 FV hub(i);

SONC = SONC str FV hub(i);

TONC = TONC str(i);

M = MC2 FV hub(i);

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,bl
ade angle in,blade angle out] =

Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle str FV hub(i) = incidence_ angle;
deviation angle str FV hub (i) = deviation angle;
camber angle str FV hub (i) = camber angle;
attack angle str FV hub(i) = attack angle;
stagger angle str FV hub(i) = stagger angle;
blade angle in str FV hub(i) = blade angle in;
blade angle out str FV hub(i) = blade angle out;

SH#### at the TIP

diameter str tip
spacing str tip(
SONC_str FV tip(

(1)=2*pi*r tip str(i);
i)=diameter str tip(i)/numb blades str(i);
i)=spacing str tip(i)/chord str(i);

rel ang in = Alpha2 FV tip(i);

rel ang out = Alpha3 FV tip(i);

SONC = SONC_str FV_tip(i);

TONC = TONC_ str(i);

M = MC2 _FV tip(i);

[incidence angle,deviation_angle,camber angle,attack angle,stagger angle,bl
ade angle in,blade angle out] =
Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle str FV tip(i) = incidence_ angle;
deviation angle str FV tip(i) = deviation angle;
camber angle str FV tip(i) = camber angle;
attack angle str FV tip(i) = attack angle;
stagger angle str FV tip(i) = stagger angle;
blade angle in str FV tip(i) = blade_ angle in;
blade angle out str FV tip(i) = blade angle out;

SHE##HFHHH###HHHE Rotor diffusion factors Forced Vortex Law ############
SH### HUB

rel ang in = Betal FV _hub(i);
rel ang out = BetaZ FV hub(i);

[DF_1bl,Deq star 1bl,Deqg,Deq star ks] =

Deg starl(rel ang in,rel ang out,Cml FV hub(i),Cm2 FV hub(i),r hub 1(i),r h
ub 2(i),SONC rtr FV hub(i),TONC rtr hub(i),AVDR rtr(i),MCml FV hub(i));

DF 1bl rtr FV hub(i) = DF 1bl;

Deqg_star 1lbl rtr FV hub(i) = Deqg star 1bl;
Deq rtr FV hub(i) = Degqg;
Deg star ks rtr FV hub(i) = Deq star ks;
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[Mcrit Hearsey,Mcrit Sch] =
MCRITI1 (rel ang in,rel ang out,Cml FV hub(i),SONC rtr FV hub(i),TONC rtr hub
(1) , kappal FV hub(i));

Mcrit Hearsey rtr FV hub(i) = Mcrit Hearsey;
Mcrit Sch rtr FV hub(i) = Mcrit Sch;
SH### TIP

rel ang in = Betal FV tip(i);
rel ang out = BetaZ FV tip(i);

[DF _1bl,Deq star 1bl,Deqg,Deq star ks] =
Deqg starl(rel ang in,rel ang out,Cml FV tip(i),Cm2 FV tip(i),r tip 1(i),r t
ip 2(i),SONC_rtr FV tip(i),TONC rtr tip(i),AVDR rtr(i),MCml FV tip(i));

DF 1bl rtr FV tip(i) = DF 1bl;
Deqg_star 1bl rtr FV tip(i) = Deqg star 1bl;
Deq rtr FV tip(i) = Degq;

Deg star ks rtr FV tip(i) = Deq star ks;

[Mcrit Hearsey,Mcrit Sch]
MCRIT1 (rel ang in,rel ang out,Cml FV tip(i),SONC rtr FV tip(i),TONC rtr tip
(1) ,kappal FV_tip(i));

Mcrit Hearsey rtr FV tip(i) = Mcrit Hearsey;

Mcrit Sch rtr FV tip(i) = Mcrit Sch;

SHA#HHHHH 4444444 Stator diffusion factors Forced Vortex Law ##########44

SH### HUB

rel ang in = Alpha2 FV hub(i);
rel ang out = Alpha3 FV hub(i);

[DF_1bl,Deq star 1bl,Deqg,Deq star ks] =

Deq starl(rel ang in,rel ang out,Cm2 FV hub(i),Cm3 FV hub(i),r hub 2(i),r h
ub 3(i),SONC _str FV hub(i),TONC str(i),AVDR str(i),MCm2 FV hub(i));

DF 1lbl str FV hub (i) = DF 1lbl;

Deg star 1lbl str FV hub(i) = Deqg star 1lbl;
Deqg_str FV hub (i) = Deqg;
Deq star ks str FV hub(i) = Deq star ks;

[Mcrit Hearsey,Mcrit Sch]
MCRIT1 (rel ang in,rel ang out,Cm2 FV hub(i),SONC str FV hub (i), TONC str(i),
kappa2 FV _hub(i));

Mcrit Hearsey str FV hub (i) = Mcrit Hearsey;
Mcrit Sch str FV hub(i) = Mcrit Sch;
Shi##s TIP

rel ang in = Alpha2 FV tip(i);
rel ang out = Alpha3 FV tip(i);

[DF _1bl,Deq star 1bl,Deqg,Deq star ks] =
Deqg_starl(rel ang in,rel ang out,Cm2 FV tip(i),Cm3 FV tip(i),r tip 2(i),r_ t
ip 3(i),SONC_str FV tip(i),TONC str(i),AVDR str(i),MCm2 FV tip(i));

DF 1bl str FV tip(i) = DF 1bl;
Deq star 1lbl str FV tip(i) = Deqg star 1bl;
Deg str FV tip(i) = Deg;

Page 82



Two Dimensional Design of Axial Compressor Appendix

Deq star ks str FV tip(i) = Deq star ks;

[Mcrit Hearsey,Mcrit Sch]
MCRIT1 (rel ang in,rel ang out,Cm2 FV tip(i),SONC str FV tip(i),TONC str(i),
kappa2 FV _tip(i)):;

Mcrit Hearsey str FV tip(i) = Mcrit Hearsey;

Mcrit Sch str FV tip(i) = Mcrit Sch;

Sfddddddsssssdddsssdddddsssdasddssadadddsssadddsissaaaddidaaaaadiantnii

SH# Blade angles and diffusion factor from ##
SHH General Whirl Distribution #4
SHH for the compressor stages ##

SHEHAH A A R A R A A R A R R R R R R

SHEHHHEHHESHAS Rotor angles Modified Free vortex law
SH#### at the HUB

diameter rtr hub(i)=2*pi*r hub rtr(i);
spacing rtr hub(i)=diameter rtr hub (i) /numb blades rtr(i);

SONC_rtr FREEV hub(i)=spacing rtr hub(i)/chord rtr(i);
TONC_rtr hub(i)=TONC rtr(i)*1.5;

rel ang in = Betal FREEV hub(i);

rel ang out = BetaZ FREEV hub(i);

SONC = SONC rtr FREEV hub (i) ;

TONC=TONC_ rtr hub(i);

M = MWl FREEV hub(i);

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,bl
ade _angle in,blade angle out] =

Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle rtr FREEV hub (i) = incidence angle;
deviation angle rtr FREEV hub (i) = deviation angle;
camber angle rtr FREEV hub (i) = camber angle;
attack angle rtr FREEV hub (i) = attack angle;
stagger angle rtr FREEV hub (i) = stagger angle;
blade angle in rtr FREEV hub (i) = blade angle in;
blade angle out rtr FREEV hub (i) = blade angle out;

$S#### at the TIP

diameter rtr tip(i)=2*pi*r tip rtr(i);

spacing rtr tip(i)=diameter rtr tip(i)/numb blades rtr(i);
SONC_rtr FREEV tip(i)=spacing rtr tip(i)/chord rtr(i);
TONC rtr tip(i)=TONC rtr(i)*0.5;

rel ang in = Betal FREEV tip(i);

rel ang out = BetaZ2 FREEV tip(i);

SONC = SONC_rtr FREEV tip(i);

TONC =TONC rtr tip(i);

M = MWl FREEV tip(i);

[incidence angle,deviation_angle,camber angle,attack angle,stagger angle,bl
ade angle in,blade angle out] =

Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;
incidence angle rtr FREEV tip(i) = incidence angle;
deviation angle rtr FREEV tip(i) = deviation angle;
camber angle rtr FREEV tip(i) = camber angle;
attack angle rtr FREEV tip(i) = attack angle;
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stagger angle rtr FREEV tip(i) = stagger angle;
blade angle in rtr FREEV tip(i) = blade angle in;
blade angle out rtr FREEV tip(i) = blade angle out;

SHHHHHHSE A4S 4HS Stator angles Modified Free Vortex law
SH### at the HUB

diameter str hub(i)=2*pi*r hub str(i);
spacing str hub(i)=diameter str hub (i) /numb blades str(i);
SONC_str FREEV hub (i)=spacing str hub(i)/chord str(i);

rel ang in = AlphaZ FREEV hub(i);
rel ang out = Alpha3 FREEV hub(i);
SONC = SONC_str FREEV hub (i) ;

TONC = TONC str(i);

M = MC2 FREEV hub(i);

Appendix

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,bl

ade angle in,blade angle out] =
Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle str FREEV hub (i) = incidence angle;
deviation angle str FREEV hub (i) = deviation angle;
camber angle str FREEV hub (i) = camber angle;
attack angle str FREEV hub(i) = attack angle;
stagger angle str FREEV hub (i) = stagger angle;
blade angle in str FREEV hub (i) = blade angle in;
blade angle out str FREEV hub (i) = blade angle out;

$S#### at the TIP

diameter str tip(i)=2*pi*r tip str(i);
spacing str tip(i)=diameter str tip(i)/numb blades str(i);
SONC_str FREEV tip(i)=spacing str tip(i)/chord str(i);

rel ang in = Alpha2 FREEV tip(i);
rel ang out = Alpha3 FREEV tip(i);
SONC = SONC_str FREEV tip(i);

TONC = TONC str(i);

M = MC2 FREEV tip(i);

[incidence angle,deviation_angle,camber angle,attack angle,stagger angle,bl

ade_angle in,blade angle out] =
Bladeangles (rel ang in,rel ang out, SONC, TONC,M) ;

incidence angle str FREEV tip(i) = incidence_ angle;
deviation angle str FREEV tip(i) = deviation angle;
camber angle str FREEV tip(i) = camber angle;
attack angle str FREEV tip(i) = attack angle;
stagger angle str FREEV tip(i) = stagger angle;
blade angle in str FREEV tip(i) = blade_angle in;
blade angle out str FREEV tip(i) = blade angle out;

SHH#H#HHHH#H#EHES Rotor diffusion factors Modified Free Vortex Law

FHEFHEEESSSS
S##4## HUB

rel ang in = Betal FREEV hub(i);
rel ang out = Beta2 FREEV hub(i);
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[DF _1bl,Deq star 1bl,Deq,Deq star ks] =

Deqg_starl(rel ang in,rel ang out,Cml FREEV hub(i),Cm2 FREEV hub (i), r hub 1(
i),r hub 2(i),SONC rtr FREEV hub (i), TONC rtr hub(i),AVDR rtr(i),MCml FREEV
hub(i));

DF 1lbl rtr FREEV hub(i) = DF_1bl;

Deq star 1bl rtr FREEV hub(i) = Deq star 1bl;
Deqg_rtr FREEV hub (i) = Deg;

Deq star ks rtr FREEV hub (i) = Deq star ks;

[Mcrit Hearsey,Mcrit Sch] =
MCRIT1 (rel ang in,rel ang out,Cml FREEV hub (i), SONC rtr FREEV hub (i), TONC r
tr hub (i), kappal FREEV hub(i));

Mcrit Hearsey rtr FREEV hub (i) = Mcrit Hearsey;
Mcrit Sch rtr FREEV hub(i) = Mcrit Sch;
SH#F#HF TIP

rel ang in = Betal FREEV tip(i);
rel ang out = BetaZ FREEV tip(i);

[DF_1bl,Deq star 1bl,Deqg,Deq star ks] =

Deq starl(rel ang in,rel ang out,Cml FREEV tip(i),Cm2 FREEV tip(i),r tip 1(
i), r tip 2(i),SONC_rtr FREEV tip(i),TONC rtr tip(i),AVDR rtr(i),MCml FREEV
tip(i));

DF 1bl rtr FREEV tip(i) = DF_1bl;
Deq_star 1lbl rtr FREEV tip(i) = Deq star 1lbl;
Deq rtr FREEV tip (i) = Deg;
Deqg_star ks rtr FREEV tip(i) = Deq_star ks;

[Mcrit Hearsey,Mcrit Sch] =

MCRITI (rel ang in,rel ang out,Cml FREEV tip(i),SONC_rtr FREEV tip(i),TONC r
tr tip(i),kappal FREEV tip(i)):;

Mcrit Hearsey rtr FREEV tip (i) = Mcrit Hearsey;

Mcrit Sch rtr FREEV tip(i) = Mcrit Sch;

SHAHHHHHH 4444444 Stator diffusion factors Free Vortex Law #######44444#
SH#H#H## HUB

rel ang in = Alpha2Z FREEV hub(i);
rel ang out = Alpha3 FREEV hub(i);

[DF_1bl,Deq star 1bl,Deqg,Deq star ks] =

Deq_starl(rel ang in,rel ang out,Cm2 FREEV hub(i),Cm3 FREEV hub (i), r hub 2(
i),r hub 3(i),SONC_str FREEV hub(i),TONC str(i),AVDR str(i),MCm2 FREEV hub (
i));

DF 1bl str FREEV hub(i) = DF 1bl;
Deg_star 1lbl str FREEV hub(i) = Deq star 1bl;
Deq str FREEV hub (i) = Deg;

Deqg _star ks str FREEV hub (i) = Deq star ks;

[Mcrit Hearsey,Mcrit Sch] =
MCRITI (rel ang in,rel ang out,Cm2 FREEV hub (i), SONC_str FREEV hub (i), TONC_ s
tr (i), kappa2 FREEV hub(i));

Mcrit Hearsey str FREEV hub (i) = Mcrit Hearsey;
Mcrit Sch str FREEV hub(i) = Mcrit Sch;
SH### TIP
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rel ang in = Alpha2 FREEV tip(i);
rel ang out = Alpha3 FREEV tip(i);

[DF_1bl,Deq star 1bl,Deqg,Deq star ks] =
Deq starl(rel ang in,rel ang out,Cm2 FREEV tip(i),Cm3 FREEV tip(i),r tip 2(
i),r tip 3(i),SONC_str FREEV tip(i),TONC str(i),AVDR str(i),MCm2 FREEV tip(

i));

DF 1bl str FREEV tip(i) = DF_1bl;

Deqg _star 1lbl str FREEV tip(i) = Deq star 1bl;
Deq str FREEV tip (i) = Deqg;

Deqg _star ks str FREEV tip(i) = Deq_star ks;

[Mcrit Hearsey,Mcrit Sch] =

MCRITI (rel ang in,rel ang out,Cm2 FREEV tip(i),SONC_str FREEV tip(i),TONC_ s
tr (i), kappa2 FREEV tip(i)):;

Mcrit Hearsey str FREEV tip (i) = Mcrit Hearsey;

Mcrit Sch str FREEV tip(i) = Mcrit Sch;

B3, Blade shape plot

SdsddsssssssddissadsddissadsdddssadsdddssadaddidssaaaddiaaaadR i innnddi

SH# #4#
SH# Blade shape plot ##
SH# ##
SH# Daniele Perrotti 2013 ##
SH# ##
SHH# Lund University/Dept of Energy Sciences #4#
SH# ##

SH AR A A A A R A R R R 4

globalvariables
global 1 chord rtr

SHEFHHHHHFHHEHAHFHHHE rotor #HHHHHHHHFHHAHHHHHHHAHHFHHHSHEHHS

theta rtr(i)= STG (i) .camber angle rtr;
stagger rtr(i)= STG (i) .stagger angle rtr;
chord rtr(i)= STG (i) .chord rtr;

tb rtr(i)=STG (i) .TONC rtr.*chord rtr(i);
r 0 rtr(i)=0.1.*tb rtr(i);

$radius of curvature
R c rtr(i)=chord rtr(i)*1./(2*sind(theta rtr(i)./2));

%origin of curvature
orig ¢ rtr(i)=-R c rtr(i)*cosd(theta rtr(i)./2);
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if i==

x ¢ rtrl=[(-chord rtr(i)/2:0.001l:chord rtr(i)/2)];
nnl=length ( (- chord_rtr( 1)/2:0.001: chord_rtr( )/2));
else

nn=length ((-chord rtr(i)/2:0. OOl chord rtr(i)/2)

x c rtrl=[x c rtrl;[(- chord rtr(i)/2:0.001: chord rtr y/2),zeros (1,nnl-
nn)]]l;
end

clear x ¢ rtr
if i==

nn=length ((-chord rtr(i)/2:0.001l:chord rtr(i)/2))
end

x c rtr=x c rtrl(i,l:nn);

% behaviour of chord in y direction

y ¢ rtr(i,l:nn)=orig c rtr(i)+sqrt(R c rtr(i)"*2-x c rtr.”2);

%$staggered blade

X ¢ s rtr(i,l:nn)=x c rtr.*cosd(stagger rtr(i))+y c rtr(i,l:nn).*sind(stagg
er rtr(i));

y ¢ s rtr(i,l:nn)=x c rtr.*sind(stagger rtr(i))-

yfcirtr(i,lznn).*cosd(staggerirtr( i)

figure (i+1)

hold on

%chord plot

plot(y ¢ s rtr(i,l:nn),x c s rtr(i,l:nn),"'--r'")

plot(y ¢ s rtr(i,l:nn)+spacing rtr(i),x c s rtr(i,l:nn),"'--r'")
plot(y ¢ s rtr(i,l:nn)-spacing rtr(i),x c s rtr(i,l:nn),"'--r'")
% axis([-0.09 0.09 -0.09 0.09])

SHEHHH S suction surface

%$camberline coordinate at origin of the chord

y orig rtr(i)=(chord rtr(i)./2).*tand(theta rtr(i)./4)

dd rtr(i)=y orig rtr(i)+tb rtr(i)./2-r 0 rtr(i).*sind(theta rtr(i)./2)
$radius of curvature

Rup_rtr(i)=(dd_rtr(i).A2—r_0_rtr(i). 2+ (chord rtr( /2=

r 0 rtr(i).*cosd(theta rtr(i)./2)).%2)/(2. *(dd_rtr( i)-r 0 rtr(i)));

x u rtr intl(i)=-(chord rtr ./2-r 0 rtr(i).*cosd(theta rtr(i)./2)

x u rtr int2(i)=(chord rtr( /2 r 0 _rtr(i).*cosd(theta rtr(i ) /2)),
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if i==

X u rtrl=[(x u rtr intl(i):0.001l:x u rtr int2(i))];
nnl_u=length((x_u_rtr_lntl(i):0.00l:x_u_rtr_int2(i)));

else
nn u=length((x u rtr intl(i):0.001:x u rtr int2(i)));

x u rtrl=[x u rtrl;[(x u rtr intl(i):0.001:x u rtr int2(i)),zeros(l,nnl u-
nn_u)ll;

end

clear x u rtr
if i==1

nn u=length((x u rtr intl(i):0.001:x u rtr int2(i)));
end

X u rtr=x u rtrl(i,l:nn u);

y u orig rtr(i,l:nn u)=y orig rtr(i)+tb rtr(i)/2-Rup rtr(i);

% behaviour of suction surface in y direction

y u rtr(i,l:nn u)=y u orig rtr(i,l:nn u)+sqgrt(Rup rtr(i)”"2-x u rtr.”2);
%$staggered blade

X u s rtr(i,l:nn u)=x u rtr*cosd(stagger rtr(i))+y u rtr(i,l:nn u)*sind(sta
gger rtr(i));

y u s rtr(i,l:nn u)=x u rtr*sind(stagger rtr(i))-

y u rtr(i,l:nn u)*cosd(stagger rtr(i));

% suction surface plot
plot(y u s rtr(i,l:nn u),x u s rtr(i,l:nn u),'r")

plot(y u s rtr(i,l:nn u)+spacing rtr(i),x u s rtr(i,l:nn u),'r")
plot(y u s rtr(i,l:nn u)-spacing rtr(i),x u s rtr(i,l:nn u),'r")
SH#H######pressure surface
tb 1 rtr(i)=-tb rtr(i);

r 01 rtr(i)=-r O rtr(i);
dd 1 rtr(i)=y orig rtr(i)+tb 1 rtr(i)/2-r 0 1 rtr(i)*sind(theta rtr(i)/2)
Rlo rtr(i)=(dd 1 rtr(i)"2-r 0 1 tr( ) "2+ (chord rtr(i)/2-

r 0 1 rtr(i)*cosd(theta rtr(i) / )/ (2*(dd_1 rtr(i)-r 0 1 rtr(i)));
x 1 rtr intl(i)=-(chord rtr(')/Z r 0 1 rtr(i)*cosd(theta rtr(')/2))
x 1 rtr int2(i)=(chord rtr(i)/2-r 0 1 rtr(i)*cosd(theta rtr(i)/2)

if i==

x 1 rtrl=[(x 1 rtr intl(i):0.001:x 1 rtr int2(i))];

nnl l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));
else

nn l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));
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x 1 rtrl=[x 1 rtrl;[(x 1 rtr intl(i):0.001:x 1 rtr int2(i)),zeros(l,nnl 1-
nn 1)]];

end

clear x 1 rtr
if i==1

nn l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));
end

x 1 rtr=x 1 rtrl(i,l:nn 1);

y_l_orig_rtr(i,1:nn_l)=y_orig_rtr(i)+tb_l_rtr(i)/2—Rlo_rtr(i);

% behaviour of pressure surface in y direction

y 1 rtr(i,l:nn 1)=y 1 orig rtr(i,l:nn 1)+sgrt(Rlo rtr(i)”"2-x 1 rtr.”2);
%staggered blade

x 1 s rtr(i,l:nn 1)=x 1 rtr*cosd(stagger rtr(i))+y 1 rtr(i,l:nn 1)*sind(sta
gger rtr(i));

y 1 s rtr(i,l:nn 1)=x 1 rtr*sind(stagger rtr(i))-

y 1 rtr(i,l:nn 1) *cosd(stagger rtr(i));

[)

% pressure surface plot

plot(y 1 s rtr(i,l:nn 1),x 1 s rtr(i,l:nn 1),'r")

plot(y 1 s rtr(i,l:nn 1l)+spacing rtr(i),x 1 s rtr(i,l:nn 1),'r
plot(y 1 s rtr(i,l:nn 1)-spacing rtr(i),x 1 s rtr(i,l:nn 1),'r

$nose design

y n rtr(i)=r 0 rtr(i)*sind(theta rtr(i)/2);

x nl rtr(i)=-(chord rtr(i)/2-r 0 rtr(i)*cosd(theta rtr(i)/2));
x n2 rtr(i)=chord rtr(i)/2-r 0 rtr(i)*cosd(theta rtr(i)/2);
angl=0:0.001:2*pi;

xp rtr=r 0 rtr(i).*cos(angl);

yp_rtr=r 0 rtr(i).*sin(angl);

x nl s rtr(i)=x nl rtr(i)*cosd(stagger rtr(i))+y n rtr(i)*sind(stagger rtr(
i));

x n2 s rtr(i)=x n2 rtr(i)*cosd(stagger rtr(i))+y n rtr(i)*sind(stagger rtr(
i));

y nl s rtr(i)=x nl rtr(i)*sind(stagger rtr(i))-

y n rtr(i)*cosd(stagger rtr(i));

y n2 s rtr(i)=x n2 rtr(i)*sind(stagger rtr(i))-

y n rtr(i)*cosd(stagger rtr(i));

$nose plot
plot(y nl s rtr(
plot(y n2 s rtr(
plot(y nl s rtr(
plot(y nl s rtr(
( (
( (

)

+yp _rtr,x nl s rtr(i)+xp rtr,'r")
+yp_rtr,x n2 s rtr(i)+xp rtr,'r")
+spacing rtr(i)+yp rtr,x nl s rtr(i)+xp rtr,'r
-spacing rtr(i)+yp rtr,x nl s rtr(i)+xp rtr,'r
+spacing rtr(i)+yp rtr,x n2 s rtr(i)+xp rtr,'r’
-spacing rtr(i)+yp rtr,x n2 s rtr(i)+xp rtr,'r

plot(y n2 s rtr

)
i)
i)
1)
i)
plot(y n2 s rtr(i)
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SHEFHHHAH AR A S stator#H##AH#HHHHHARHFHHHARHHHERE

theta str(i)=STG (i) .camber angle str;
chord str(i)=STG(i) .chord str;

stagger str(i)=-STG (i) .stagger angle str;
tb str(i)=STG (i) .TONC str.*chord str(i);
r 0 str(i)=0.1.*tb str(i);

$radius of curvature
R ¢ str(i)=chord str(i)*1./(2*sind(theta str(i)./2));

%origin of curvature
orig ¢ str(i)=-R c str(i)*cosd(theta str(i)./2);

$chord in x

if i==

x ¢ strl=[(-chord str(i)/2:0.001l:chord str(i)/2
nnls=length ((-chord str(i)/2:0.001:chord str(i)
else

)1:
/2));

nns=length ((-chord str(i)/2:0.001:chord str(i)/2));

x ¢ strl=[x c strl;[(-
chord str(i)/2:0.001:chord str(i)/2),zeros(l,nnls-nns)]];
end

clear x c str
if i==

nns=length ((-chord str(i)/2:0.001:chord str(i)/2));
end

x ¢ str=x c strl(i,l:nns);

o

behaviour of chord in y direction
¢ str(i,l:nns)=orig c str(i)+sqgrt(R _c str(i)”"2-x c str.”2);
staggered blade
_C_
_C_

00 kg

s_str(i,l:nns)=x _c_str.*cosd(stagger str(i))-
str(i,l:nns).*sind(stagger str(i));% sign of y changed
y ¢ s str(i,l:nns)=x c str.*sind(stagger str(i))+y c str(i,l:nns).*cosd(sta

gger_str(i));

<X

%chord plot

axial spc(i)=chord rtr(i)*cosd(stagger rtr(i))+0.2* (chord rtr(i)*cosd(stagg
er rtr(i)));

plot(y ¢ s str(i,l:nns),x ¢ s str(i,l:nns)-axial spc(i),'--b'")

plot(y c s str(i,l:nns)+spacing str(i),x c s str(i,l:nns)-axial spc(i),'--
b")

plot(y c s str(i,l:nns)-spacing str(i),x c s str(i,l:nns)-axial spc(i),'--
b")

S####suction surface

%camberline coordinate at origin of the chord
y orig str(i)=(chord str(i)/2)*tand(theta str(i)/4);
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dd str(i)=y orig str(i)+tb str(i)/2-r 0 str(i)* sind(theta_str(i)/2);
Rup_str(i)=(dd_str(i)A2—r_0_str(i)A2+(chord str(i)/2-
r 0 str(i)*cosd(theta str(i)/2))"2)/(2*(dd _str(i ) -r 0 str(i)));

theta up str(i)=2*asind(chord str(i)/2-
r 0 str(i)*cosd(theta str(i)/2))*(1/(Rup str(i)-r 0 str(i)));

x u_str intl(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2)
X u str int2(i)=(chord str(i )/2 rioistr( i) *cosd(theta str(i )/2)),
if i==

x u strl=[(x u str intl(i):0.001l:x u str int2(i))];

nnl us=length((x u str intl(i):0.001:x u str int2(i)));
else

nn_us=length((x u str intl(i):0.001:x u str int2(i)));

x u strl=[x u strl;[(x u str intl(i):0.001:x u str int2(i)),zeros(l,nnl us-
nn_us)]];

end

clear x u str
if i==
nn_us=length((x u str intl(i):0.001:x u str int2(i)));
end
x u str=x u strl(i,l:nn us);

y u orig str(i,l:nn us)=y orig str(i)+tb str(i)/2-Rup str(i);

y u str(i,l:nn us)=y u orig str(i)+sqgrt(Rup str(i)”"2-x u str.”2);

x u s str(i,l:nn us)=x u str*cosd(stagger str(i))-

y u str(i,l:nn us)*sind(stagger str(i)):;

y u s str(i,l:nn us)=x u str*sind(stagger str(i))+y u str(i,l:nn us)*cosd(s
tagger str(i));

o)

% suction surface plot

plot(y u s str(i,l:nn us),x u s str(i,l:nn us)-axial spc(i),'b")
plot(y_u_s_str(l l:nn us)+spac1ng str(i),x u s str(i,l:nn _us)-
axial spc(i),'b")

plot(y u s str(i,l:nn us)-spacing str(i),x u s str(i,l:nn us)-
axial spc(i), 'b")

o\°

$##pressure surface

tb 1 str(i)=-tb_str(i);

r_O_l_str(1)=—r 0 str(i);

dd 1 str(i)=y orig str(i)+tb 1 str(i)/2-r 0 1 str(i)*sind(theta str(i)/2)
Rlo str(i)=(dd 1 str(i)"2-r_ 0 1 str(')A2+(chordistr(')/2—

r 0 1 str(i)*cosd(theta str(i )/2) )/ (2*(dd_1 str(i)-r 0 1 str(i)));

theta_lo_str(i):2*asind(chord_str /2—
r_O_l_str(i)*cosd(theta_str(i)/Z))*(1/(Rlo_str(i)—r_O_l_str(i)));
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x 1 str intl(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2));
x 1 str int2(i)=(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2));

if i==

x 1 strl=[(x_ 1 str intl(i):0.001:x 1 str int2(i))];
nnl ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));

else
nn ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));

x 1 strl=[x 1 strl;[(x 1 str intl(i):0.001:x 1 str int2(i)),zeros(l,nnl 1s-
nn_1s)]];

end

clear x 1 str
if i==
nn_ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));
end
x 1 str=x 1 strl(i,l:nn_1s);

1 orig str(i,l:nn 1ls)=y orig str(i)+tb 1 str(i)/2-Rlo str(i);

behaviour of pressure surface in y direction

y 1 str(i,l:nn 1s)=y 1 orig str(i,l:nn ls)+sgrt(Rlo str(i)"2-x 1 str.”2);
taggered blade

1 s str(i,l:nn 1s)=x 1 str*cosd(stagger str(i))-

1 str(i,l:nn_1ls)*sind(stagger str(i));

1 s str(i,1l:nn 1s)=x 1 str*sind(stagger str(i))+y 1 str(i,l:nn 1s)*cosd(s
agger_str(i));

[

% pressure surface plot

plot(y 1 s str(i,l:nn 1s),x 1 s str(i,l:nn ls)-axial spc(i),'b")
plot(y 1 s str(i,l:nn ls)+spacing str(i),x 1 s str(i,l:nn 1ls)-
axial spc(i), 'b")

plot(y 1 s str(i,l:nn ls)-spacing str(i),x 1 s str(i,l:nn 1s)-
axial spc(i),'b")

%nose design

y n str(i)=r 0 str(i)*sind(theta str(i)/2);

x nl str(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2));
x n2 str(i)=chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2);
angl=0:0.001:2*pi;

xp str=r 0 str(i)*cos(angl);

yp_str=r 0 str(i)*sin(angl);

x nl s str(i)=x nl str(i)*cosd(stagger str(i))-

y n str(i)*sind(stagger str(i));

X n2 s str(i)=x n2 str(i)*cosd(stagger str(i))-

y n str(i)*sind(stagger str(i));

y nl s str(i)=x nl str(i)*sind(stagger str(i))+y n str(i)*cosd(stagger str(
i));
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y n2 s str(i)=x n2 str(i)*sind(stagger str(i))+y n str(i)*cosd(stagger str(

1))

%nose plot

plot(y nl s str(i)+yp str,x nl s str(i)+xp str-axial spc(i),'b")

plot(y n2 s str(i)+yp str,x n2 s str(i)+xp str-axial spc(i),'b")

plot(y nl s str(i)+spacing str(i)+yp str,x nl s str(i)+xp str-

axial spc(i), 'b")

plot(y nl s str(i)-spacing str(i)+yp str,x nl s str(i)+xp str-

axial spc(i), 'b")

plot(y n2 s str(i)+spacing str(i)+yp str,x n2 s str(i)+xp str-

axial spc(i), 'b")

plot(y n2 s str(i)-spacing str(i)+yp str,x n2 s str(i)+xp str-

axial spc(i),'b")

xlabel (' [m]")

ylabel (" [m]")

title(['STAGE NUMBER:',num2str(i),])
axis equal

hold off

B4, Blade shape hub to tip plot

SHEHHHH SR H A AR F A AR H AR RS R A A R R A R R A R R R

SH# ##
SH# Blade shape hub to tip plot ##
SHE ##
SH# Daniele Perrotti 2013 #4#
SH# ##
SH# Lund University/Dept of Energy Sciences #4
SH# #4#

Sfddsdsdssadssddssadddddasadasddasadsdddasaaaddiaaaaan iR AR

globalvariables
global i chord rtr

SHEFHHAAHHRH AR ARFHHHS rotor #H#FHHAFHRFHRAAFFHHAHARFHSHAHTHAS

theta rtr(i)= STG(i) .camber angle rtr;
stagger rtr(i)= STG (i) .stagger angle rtr;
chord rtr(i)= STG(i).chord rtr;

tb rtr(i)=STG(i) .TONC rtr.*chord rtr(i);
r 0 rtr(i)=0.1.*tb rtr(i);

%$radius of curvature
R c rtr(i)=chord rtr(i)*1./(2*sind(theta rtr(i)./2));

%origin of curvature
orig ¢ rtr(i)=-R c rtr(i)*cosd(theta rtr(i)./2);

$chord in x

if i==
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x _c rtrl=[(-chord rtr(')/2 0.001:chord rtr(')/2)]
nnl=length ((-chord rtr(i)/2:0.001:chord rtr(i)/2));
else

nn=length ((-chord rtr(i)/2:0.001:chord rtr(i)/2))
x c rtrl=[x c rtrl;[(-chord rtr(i)/2:0.001:chord rtr(i)/2),zeros(1l,nnl-
n)ll;

end

clear x ¢ rtr
if i==

nn=length ((-chord rtr(i)/2:0.001:chord rtr(i)/2))
end

X c rtr=x c rtrl(i,l:nn);

oe

behaviour of chord in y direction

y c rtr(i,l:nn)=orig c rtr(i)+sqgrt(R c rtr(i)"2-x c rtr.”2);

$staggered blade

x ¢ s rtr(i,l:nn)=x c rtr.*cosd(stagger rtr(i))+y c rtr(i,l:nn).*sind(stagg
er rtr(i));

y ¢ s rtr(i,l:nn)=x c rtr.*sind(stagger rtr(i))-

y ¢ rtr(i,l:nn).*cosd(stagger rtr(i));

o\

[ 23 152 560 4207 ;

p =
set (0, 'DefaultFigurePosition', p)

o

figure (CompInfo.N stg+l+i)
%chord plot

subplot(1l,2,1);plot3(y ¢ s rtr(i,l:nn),x ¢ s rtr(i,l:nn),repmat (STG(i).r rm

s rtr,size(y ¢ s rtr(i,1l:nn))),'--r'")
hold on
SHFFFHHHHA suction surface

%camberline coordinate at origin of the chord

y _orig rtr(i)=(chord rtr(i)./2).*tand(theta rtr(i)./4)

dd rtr(i)=y orig rtr(i)+tb rtr(i)./2-r 0 rtr(i).*sind(theta rtr(i)./2)
%$radius of curvature

Rup_rtr(i)=(dd_rtr(i).A2—r_0_rtr(i). 2+ (chord rtr( /2=

r 0 rtr(i).*cosd(theta rtr(i)./2)).%2)/(2. *(dd_rtr( i)-r 0 rtr(i)));

x u rtr intl(i)=-(chord rtr(i)./2-r O rtr(i).*cosd(theta rtr(i)./2)

%interval between the begin and half chord
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x u rtr int2(i)=(chord rtr(i)./2-r 0 rtr(i).*cosd(theta rtr(i)./2)
$interval between half chord and the end

%$3d matrix
if i==

x u rtrl=[(x u rtr intl(i):0.001l:x u rtr int2(i))];
nnl_u=length((X_u_rtr_lntl(i):O.OOl:x_u_rtr_intZ(i)));

else
nn u=length((x u rtr intl(i):0.001:x u rtr int2(i)));

x u rtrl=[x u rtrl;[(x u rtr intl(i):0.001:x u rtr int2(i)),zeros(l,nnl u-
nn_u)]];

end

clear x u rtr
if i==
nn_u=length((x u rtr intl(i):0.001:x u rtr int2(i)));
end
X u rtr=x u rtrl(i,l:nn u);

y u orig rtr(i,l:nn u)=y orig rtr(i)+tb rtr(i)/2-Rup rtr(i);

% behaviour of suction surface in y dlrectlon

y u rtr(i,l:nn u)=y u orig rtr(i,l:nn u)+sgrt(Rup_rtr(i)”"2-x u rtr.”2);
%staggered blade

Xx u s rtr(i,l:nn u)=x u rtr*cosd(stagger rtr(i))+y u rtr(i,l:nn u)*sind(sta
gger rtr(i));

y u s rtr(i,l:nn u)=x u rtr*sind(stagger rtr(i))-

y u rtr(i,l:nn u)*cosd(stagger rtr(i));

o)

% suction surface plot

subplot(1l,2,1);plot3(y u s rtr(i,l:nn u),x u s rtr(i,l:nn u),repmat (STG (1) .

r_rms_rtr,size(y_u_s_rtr(l l:nn u))),'r")
SH#######pressure surface

tb 1 rtr(i)=-tb rtr(i);
r 01 rtr(i)=-r O rtr(i);
dd 1 rtr(i)=y orig rtr(i)+tb 1 rtr(i)/2-r 0 1 rtr(i)*sind(theta rtr(i)/2)
R10 rtr(i)=(dd 1 rtr(i)"2-r 0 1 tr(')A2+( hord rtr(i)/2-
r_O_l_rtr(')*cosd(theta_rtr i) / )/ (2*(dd_1 rtr(i)-r 0 1 rtr(i)));
x 1 rtr intl(i)=-(chord rtr i)/2-r 0 1 rtr(i)*cosd(theta rtr i)/2
x 1 rtr int2(i)=(chord rtr( /2 r_ O 1 rtr(')*cosd(theta rtr(i)/2)
if i==
x 1 rtrl=[(x 1 rtr intl(i):0.001:x 1 rtr int2(i))];

nnl l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));

else
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nn l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));

x 1 rtrl=[x 1 rtrl;[(x 1 rtr intl(i):0.001:x 1 rtr int2(i)),zeros(l,nnl 1-
nn_1)11;

end

clear x 1 rtr
if i==

nn l=length((x 1 rtr intl(i):0.001:x 1 rtr int2(i)));
end

x 1 rtr=x 1 rtrl(i,l:nn 1);

b

vy 1 orig rtr(i,l:nn 1l)=y orig rtr(i)+tb 1 rtr(i)/2-Rlo_rtr(i);

% behaviour of pressure surface in y direction

y 1 rtr(i,l:nn 1)=y 1 orig rtr(i,l:nn 1)+sgrt(Rlo rtr(i)”"2-x 1 rtr.”2);
$staggered blade

1
1
t
1l s rtr(i,l:nn 1)=x 1 rtr*cosd(stagger rtr(i))+y 1 rtr(i,l:nn 1)*sind(sta
gger_rtr(i));

1 s rtr(i,1l:nn 1)=x 1 rtr*sind(stagger rtr(i))-

1

:rtr(i,lznn_l)*cosd(stagger_rtr(i));

y_
y_

% pressure surface plot

subplot(1,2,1);plot3(y 1 s rtr(i,1:nn 1),x 1 s rtr(i,l:nn 1), repmat (STG(1i).

r rms_rtr,size(y 1 s rtr(i,l:nn 1))),'c");

%nose design

y n rtr(i)=r 0 rtr(i)*sind(theta rtr(i)/2);

x nl rtr(i)=-(chord rtr(i)/2-r 0 rtr(i)*cosd(theta rtr(i)/2));
x n2 rtr(i)=chord rtr(i)/2-r 0 rtr(i)*cosd(theta rtr(i)/2);
angl=0:0.001:2*pi;

xp rtr=r 0 rtr(i).*cos(angl);

yp_rtr=r 0 rtr(i).*sin(angl);

x nl s rtr(i)=x nl rtr(i)*cosd(stagger rtr(i))+y n rtr(i)*sind(stagger rtr(
i));

X n2 s rtr(i)=x n2 rtr(i)*cosd(stagger rtr(i))+y n rtr(i)*sind(stagger rtr(
i));

y nl s rtr(i)=x nl rtr(i)*sind(stagger rtr(i))-

y n rtr(i)*cosd(stagger rtr(i)):;

y n2 s rtr(i)=x n2 rtr(i)*sind(stagger rtr(i))-

y n rtr(i)*cosd(stagger rtr(i));

%nose plot

subplot (1,2,1);plot3(y nl s rtr(i)+yp rtr,x nl s rtr(i)+xp rtr,repmat (STG (i
).r _rms rtr,size(y nl s rtr(i)+yp rtr)),'r');
subplot (1,2,1);plot3(y n2 s rtr(i)+yp rtr,x n2 s rtr(i)+xp rtr,repmat (STG (i
).r rms rtr,size(y n2 s rtr(i)+yp rtr)),'r');
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SHEAHFAH A A A F A AHUBS A A A H A A A F A A A F SRS A S SRS AS

if proj law == 'FoV'
theta rtr hub(i)= STG(i) .camber angle rtr FV hub;
stagger rtr hub(i)= STG (i) .stagger angle rtr FV hub;

tb rtr hub(i)=STG(i) .TONC rtr hub.*chord rtr( ) ;
r_O_rtr_hub(i)=O.1.*tb_rtr_hub( i)s

elseif proj law == 'MEV'
theta rtr hub(i)= STG(i) .camber angle rtr FREEV hub;
stagger rtr hub(i)= STG (i) .stagger angle rtr FREEV hub;
tb rtr hub(i)=STG(i) .TONC_rtr hub.*chord rtr(i);
r 0 rtr hub(i)=0.1.*tb rtr hub(i);

end

SHEFHHHAHFHHEHAHFHHHE rotor #H#HHHHHHHFHHAHFHHHHHAHFHHHHHHHHS

$radius of curvature
R c rtr hub(i)=chord rtr(i)*1./(2*sind(theta rtr hub(i)./2)

%origin of curvature
orig ¢ rtr hub(i)=-R c rtr hub(i)*cosd(theta rtr hub(i)./2)

if i==

x ¢ _rtrl hub=[(-chord rtr( /2 0.001:chord rtr( /2
nnl_hub=length ( (-chord rtr )/2:0.001:chord rtr /2 ;
else

nn_hub=length((-chord rtr(i)/2:0.001:chord rtr(i)/2));

x c rtrl hub=[x c rtrl hub; [ (-
chord rtr( )/2:0.001:chord _rtr(i)/2),zeros(l,nnl hub-nn hub)]];
end

clear x c rtr
if i==

nn_hub=length ((-chord rtr(i)/2:0.001l:chord rtr(i)/2))
end

x ¢ rtr hub=x c rtrl hub(i,l:nn_ hub);

% behaviour of chord in y direction
_c rtr hub(l l:nn _hub)=orig c rtr hub(i)+sqrt(R c_rtr hub(i)"2-
c rtr hub."2);
staggered blade
~c_ s rtr hub(i,l:nn hub)=x c¢ rtr hub.*cosd(stagger rtr hub(i))+y c rtr hub
i,1:nn _hub) .*sind(stagger rtr hub(i)):;
c s rtr hub(i,l:nn hub)=x c rtr hub.*sind(stagger rtr hub(i))-

~c_rtr hub(i,l:nn hub).*cosd(stagger rtr hub(i));

o\° ><1 L<

‘*<‘~<IA><1
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%chord plot

subplot(1,2,1);plot3(y ¢ s rtr hub(i,1l:nn hub),x c s rtr hub(i,l:nn hub), re

pmat (STG(1i) .r_hub rtr,size(y c s rtr hub(i,l:nn hub))),'--",'Color’', [1
99/255 71/255])
% axis([-0.1 0.1 -0.1 0.1])

SHE#H SR suction surface
%$camberline coordinate at origin of the chord

y orig rtr hub(i)=(chord rtr(i)./2).*tand(theta rtr hub(i)./4)

dd rtr hub(i)=y orig rtr hub(i)+tb rtr hub(i)./2-

r 0 rtr hub(i).*sind(theta rtr hub(i)./2)

$radius of curvature

Rup rtr hub(i)=(dd rtr hub(i).”2-r 0 rtr hub(i). A2+(chord rtr(i)./2-
r 0 rtr hub(i).*cosd(theta rtr hub(i)./2)).”2)/(2.*(dd rtr hub( ) —

r 0 rtr hub(i)));

x u rtr intl hub(i)=-(chord rtr(i)./2-
r 0 rtr hub(i).*cosd(theta rtr hub( ). /2));
x u rtr int2 hub(i)=(chord rtr(i)./2-
r 0 rtr hub(i). *cosd(thetairtrihub( i)./2));
if i==
x u rtrl hub=[(x _u rtr intl hub(i):0.001:x u rtr int2 hub(i))];

nnliuihub=length((Xiuirtrilntlihub(i):O.OOl:xiuirtriint27hub(i)));
else
nn_u hub=length((x_u rtr intl hub(i):0.001:x u rtr int2 hub(i)));

x u rtrl hub=[x u rtrl hub;[(x u rtr intl hub(i):0.001:x u rtr int2 hub(i))
szeros(l,nnl u hub-nn u hub)]];

end

clear x u rtr hub
if i==
nn_u_hub=length((x u rtr intl hub(i):0.001:x u rtr int2 hub(i)));
end
x u rtr hub=x u rtrl hub(i,l:nn _u hub);

y u orig rtr hub(i,l:nn u hub)=y orig rtr hub(i)+tb rtr hub(i)/2-
Rup rtr hub(i);
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3% behaviour of suction surface in y direction

y u rtr hub(i,l:nn u hub)=y u orig rtr hub(i,l:nn_u hub)+sgrt (Rup_rtr hub (i
)*2-x u rtr hub.”"2);

%$staggered blade

x u s rtr hub(i,l:nn u hub)=x u rtr hub*cosd(stagger rtr hub(i))+y u rtr hu
b(i,1:nn _u hub) *sind(stagger rtr hub(i));

y u s rtr hub(i,l:nn u hub)=x u rtr hub*sind(stagger rtr hub(i))-

y u rtr hub(i,l:nn u hub) *cosd(stagger rtr hub(i));

o)

% suction surface plot

subplot(1l,2,1);plot3(y u s rtr hub(i,l:nn u hub),x u s rtr hub(i,l:nn u hub
) ,repmat (STG (i) .r hub rtr,size(y u s rtr hub(i,l:nn u hub))), 'Color', [1
99/255 71/255]);

SH#######pressure surface

1 =—tb rtr hub(i);
r 01 rtr hub(i)=-r O rtr hub(i);

tb 1 rtr hub(i

r 0 1 rtr hub(i)*sind(theta rtr hub(i)/2);

)
i

dd 1 rtr hub(i)=y orig rtr hub(i)+tb 1 rtr hub(i)/2-
i

Rlo rtr hub(i)=(dd 1 rtr hub(i)”"2-r 0 1 rtr hub(i)" 2+ (chord rtr(i)/2-
r 0 1 rtr hub(i)*cosd(theta rtr hub(i)/2))"2)/(2*(dd 1 rtr hub(i)-
r 01 rtr hub(i)));

1 rtr intl hub(i)=-(chord rtr(i)/2-
0 1 rtr hub(i)*cosd(theta rtr hub(i)/2));
1 rtr int2 hub(i)=(chord rtr(i)/2-
0 1 rtr hub(i)*cosd(theta rtr hub(i)/2));

B X B X

x 1 rtrl hub=[(x 1 rtr intl hub(i):0.001:x 1 rtr int2 hub(i))];
nnl 1 hub=length((x 1 rtr intl hub(i):0.001l:x 1 rtr int2 hub(i)));

else
nn_ 1 hub=length((x 1 rtr intl hub(i):0.001:x 1 rtr int2 hub(i)));

x 1 rtrl hub=[x 1 rtrl hub;[(x 1 rtr intl hub(i):0.001:x 1 rtr int2 hub(i))
;zeros(l,nnl 1 hub-nn 1 hub)]];

end

clear x 1 rtr hub
if i==

nn_1 hub=length((x_1 rtr intl hub(i):0.001:x 1 rtr int2 hub(i)));
end

x 1 rtr hub=x 1 rtrl hub(i,l:nn_1 hub);

y 1 orig rtr hub(i,l:nn 1 hub)=y orig rtr hub(i)+tb 1 rtr hub(i)/2-

Rlo rtr hub(i);

% behaviour of pressure surface in y direction

y 1 rtr hub(i,l:nn 1 hub)=y 1 orig rtr hub(i,l:nn 1 hub)+sgrt (Rlo_rtr hub (i
*2-x 1 rtr hub.”2);

%$staggered blade

x 1 s rtr hub(i,l:nn 1 hub)=x 1 rtr hub*cosd(stagger rtr hub(i))+y 1 rtr hu
b(i,1:nn 1 hub)*sind(stagger rtr hub(i));

—
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y 1 s rtr hub(i,l:nn 1 hub)=x 1 rtr hub*sind(stagger rtr hub(i))-
y 1 rtr hub(i,l:nn 1 hub) *cosd(stagger rtr hub(i));

% pressure surface plot

subplot(1l,2,1);plot3(y 1 s rtr hub(i,l:nn 1 hub),x 1 s rtr hub(i,l:nn 1 hub

), repmat (STG(1i) .r hub rtr,size(y 1 s rtr hub(i,l:nn 1 hub))), 'Color', [1
99/255 71/255]);

$nose design

y n rtr hub(i)=r 0 rtr hub(i)*sind(theta rtr hub(i)/2);

x nl rtr hub(i)=-(chord rtr(i)/2-r 0 rtr hub(i)*cosd(theta rtr hub(i)/2));
x n2 rtr hub(i)=chord rtr(i)/2-r 0 rtr hub(i)*cosd(theta rtr hub(i)/2);
angl=0:0.001:2*pi;

xp rtr hub=r 0 rtr hub(i).*cos(angl);

yp_rtr hub=r 0 rtr hub(i).*sin(angl);

x nl s rtr hub(i)=x nl rtr hub(i)*cosd(stagger rtr hub(i))+y n rtr hub (i) *s
ind(stagger rtr hub(i));

x n2 s rtr hub(i)=x n2 rtr hub(i)*cosd(stagger rtr hub(i))+y n rtr hub(i)*s
ind(stagger rtr hub(i));

y nl s rtr hub(i)=x nl rtr hub(i)*sind(stagger rtr hub(i))-

y n rtr hub(i)*cosd(stagger rtr hub(i));

y n2 s rtr hub(i)=x n2 rtr hub(i)*sind(stagger rtr hub(i))-

y n rtr hub(i)*cosd(stagger rtr hub(i));

%tnose plot

subplot(l,2,1);plot3(y nl s rtr hub(i)+yp rtr hub,x nl s rtr hub(i)+xp rtr
hub, repmat (STG (i) .r hub rtr,size(y nl s rtr hub(i)+yp rtr hub)), 'Color',[1
99/255 71/255]);
subplot(1l,2,1);plot3(y n2 s rtr hub(i)+yp rtr hub,x n2 s rtr hub(i)+xp rtr
hub, repmat (STG (1) .r_hub rtr,size(y n2 s rtr hub(i)+yp rtr hub)), 'Color',[1
99/255 71/255]);

S OHEHHHEHHAEA A TIP #4444 44

if proj law == 'FoV'
theta rtr tip(i)= STG(i).camber angle rtr FV tip;
stagger rtr tip(i)= STG(i).stagger angle rtr FV tip;
tb rtr tip(i)=STG(i).TONC rtr tip.*chord rtr(i);
r 0 rtr tip(i)=0.1.*tb rtr tip(i);

elseif proj law == 'MFV'
theta rtr tip(i)= STG(i) .camber angle rtr FREEV tip;
stagger rtr tip(i)= STG(i).stagger angle rtr FREEV tip;
tbh rtr tip(i)=STG(i) .TONC rtr tip.*chord rtr(i);
r 0 rtr tip(i)=0.1.*tb rtr tip(i);

end

S HEHHHEHAHE A A rotor H#HHHHHAHAHAHAHAHAHAHAS S AS ALY
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% radius of curvature
R ¢ rtr tip(i)=chord rtr(i)*1./(2*sind(theta rtr tip(i)./2))

o)

% origin of curvature

orig ¢ rtr tip(i)=-R c rtr tip(i)*cosd(theta rtr tip(i)./2)
if i==
x c rtrl tip=[(-chord rtr(i)/2:0.001l:chord rtr(i)/2)];
nnl tip=length((-chord rtr(i)/2:0.001:chord rtr(i)/2));
else

nn_tip=length ((-chord rtr( y/2:0.001: chord rtr( )/ 2)
xicirtrlitip=[xicirtrlitlp,[(
chord rtr(i)/2:0.001:chord rtr(i)/2),zeros(l,nnl tip-nn tip)]];
end

clear x c rtr
if i==

nn_tip=length((-chord rtr(i)/2:0.001:chord rtr(i)/2)
end

X c rtr tip=x c rtrl tip(i,l:nn tip);

% behaviour of chord in y direction

~c rtr tip(i,l:nn tip)=orig c rtr tip(i)+sgrt(R c rtr tip(i)"2-
_c rtr tip."2);

staggered blade
X C s_rtr tip(i,1l:nn _tip)=x c rtr tip.*cosd(stagger rtr tip(i))+y c rtr tip
(i,1:nn tip).*sind(stagger rtr tip(i));
y ¢ s rtr tip(i,l:nn tip)=x c rtr tip.*sind(stagger rtr tip(i))-
y ¢ rtr tip(i,l:nn tip).*cosd(stagger rtr tip(i));

00 XK

o)

% chord plot

subplot(1l,2,1);plot3(y c s rtr tip(i,l:nn tip),x c s rtr tip(i,l:nn tip),re
pmat (STG(i) .r tip rtr,size(y c s rtr tip(i,l:nn tip))),'--
', 'Color',[139/255 0 0])

S HEHEHEAEA suction surface
% camberline coordinate at origin of the chord

y orig rtr tip(i)=(chord rtr(i)./2).*tand(theta rtr tip(i)./4);

dd rtr tip(i)=y orig rtr tip(i)+tb rtr tip(i)./2-
r 0 rtr tip(i).*sind(theta rtr tip(i)./2);

[)

% radius of curvature
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Rup_rtr_tip(i)=(dd_rtr_tip(i).A2—r_0_rtr_tip( i) .”2+(chord rtr(i)./2-
r 0 rtr tip(i).*cosd(theta rtr tip(i)./2)).”72)/(2.*(dd rtr tlp( i) -
r 0 rtr tip(i))):;

X u rtr intl tip(i)=-(chord rtr( /2—
r 0 rtr tip(i). *cosd(theta rtr tlp ./2)
X u rtr int2 tip(i)=(chord rtr( /2—
r 0 rtr tip(1i). *cosd(thetairtritlp( i)./2));
if i==
x u rtrl tip=[(x_u rtr intl tip(i):0.001:x u rtr int2 tip(i))];

nnliuitip=length((xiuirtrilntlitlp(i):O.OOl:xiuirtriint27tip(i)));
else
nn_u tip=length((x_u rtr intl tip(i):0.001:x u rtr int2 tip(i)));

x u rtrl tip=[x u rtrl tip;[(x u rtr intl tip(i):0.001:x u rtr int2 tip(i))
,zeros(l,nnl u tip-nn u tip)]];

end

clear x u rtr tip
if i==

nn u tip=length((x u rtr intl tip(i):0.001:x u rtr int2 tip(i))):;
end

X u rtr tip=x u rtrl tip(i,l:nn u tip);

y u orig rtr tip(i,l:nn u tip)=y orig rtr tip(i)+tb rtr tip(i)/2-
Rup rtr tip(i);
% behaviour of suction surface in y direction
y u rtr tip(i,l:nn u tip)=y u orig rtr tip(i,l:nn u tip)+sgrt(Rup rtr tip(i
*2-x u rtr tip.”2);
staggered blade
u s rtr tip(i,l:nn u tip)=x u rtr tip*cosd(stagger rtr tip(i))+y u rtr ti
(i,1:nn u tip)* 31nd(stagger7rtr7tip(i));
y u s rtr tip(i,l:nn u tip)=x u rtr tip*sind(stagger rtr tip(i))-
y u rtr tip(i,l:nn u tip) *cosd(stagger rtr tip(i));

T K oo~

% suction surface plot

subplot(l,2,1);plot3(y u s rtr tip(i,l:nn u tip),x u s rtr tip(i,l:nn u tip

), repmat (STG (i) .r_tip rtr,size(y u s rtr tip(i,l:nn u tip))), 'Color',[139/2
55 0 0])

%  H#####E#pressure surface

tb 1 rtr tip(i)=-tb rtr tip(i);

r 01 rtr tip(i)=-r O rtr tip(i);
dd 1 rtr tip(i)=y orig rtr tip(i)+tb 1 rtr tip(i)/2-
r 0 1 rtr tip(i)*sind(theta rtr tip(i i)/2);
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Rlo_rtr_tip(i)=(dd_l_rtr_tip(i)A2—r_0_l_rtr_tip(i)A2+(chord_rtr(i)/2—
r 01 rtr tip(i)*cosd(theta rtr tip(i)/2))"2)/(2*(dd 1 rtr tip(i)-
r 01 rtr tip(i)));

1 rtr intl tip(i)=-(chord rtr(i)/2-
0 1 rtr tip(i)*cosd(theta rtr tip(i)/2));
1 rtr int2 tip(i)=(chord rtr(i)/2-
1 rtr tip(i)*cosd(theta rtr tip(i)/2));

R TI B
O O

if i==1

x 1 rtrl tip=[(x_1 rtr intl tip(i):0.001:x 1 rtr int2 tip(i))];
nnl 1 tip=length((x 1 rtr intl tip(i):0.001:x 1 rtr int2 tip(i)));

else
nn 1 tip=length((x 1 rtr intl tip(i):0.001:x 1 rtr int2 tip(i))):;

x 1 rtrl tip=[x 1 rtrl tip;[(x 1 rtr intl tip(i):0.001:x 1 rtr int2 tip(i))
,zeros(l,nnl 1 tip-nn 1 tip)]];

end

clear x 1 rtr tip
if i==

nn 1 tip=length((x 1 rtr intl tip(i):0.001:x 1 rtr int2 tip(i)));
end

x 1 rtr tip=x 1 rtrl tip(i,l:nn 1 tip);

vy 1 orig rtr tip(i,l:nn 1 tip)=y orig rtr tip(i)+tb 1 rtr tip(i)/2-
Rlo rtr tip(i);
% behaviour of pressure surface in y direction
y 1 rtr tip(i,l:nn 1 tip)=y 1 orig rtr tip(i,l:nn 1 tip)+sgrt(Rlo rtr tip(i
"2-x 1 rtr tip."2);
staggered blade
x 1 s rtr tip(i,l:nn 1 tip)=x 1 rtr tip*cosd(stagger rtr tip(i))+y 1 rtr ti
(i,1:nn 1 tip)*sind(stagger rtr tip(i));
y 1 s rtr tip(i,l:nn 1 tip)=x 1 rtr tip*sind(stagger rtr tip(i))-
y 1 rtr tip(i,l:nn 1 tip)*cosd(stagger rtr tip(i));

00 ~

o)

[

% pressure surface plot

subplot(1l,2,1);plot3(y 1 s rtr tip(i,l:nn 1 tip),x 1 s rtr tip(i,l:nn 1 tip

),repmat(STG(i).r_tip_rtr,size(y_l_s_rtr_tip(i,1:nn_l_tip))),'Color',Tl39/2
55 0 0]);

[

% nose design

y n rtr tip(i)=r 0 rtr tip(i)*sind(theta rtr tip(i)/2);

x nl rtr tip(i)=-(chord rtr(i)/2-r 0 rtr tip(i)*cosd(theta rtr tip(i)/2));
x n2 rtr tip(i)=chord rtr(i)/2-r 0 rtr tip(i)*cosd(theta rtr tip(i)/2);
angl=0:0.001:2*pi;

xp rtr tip=r 0 rtr tip(i).*cos(angl);
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yp_rtr tip=r 0 rtr tip(i).*sin(angl);

x nl s rtr tip(i)=x nl rtr tip(i)*cosd(stagger rtr tip(i))+y n rtr tip(i)*s
ind(stagger rtr tip(i));

X n2 s rtr tip(i)=x n2 rtr tip(i)*cosd(stagger rtr tip(i))+y n rtr tip(i)*s
ind(stagger rtr tip(i)):;

y nl s rtr tip(i)=x nl rtr tip(i)*sind(stagger rtr tip(i))-

y n rtr tip(i)*cosd(stagger rtr tip(i)):;

y n2 s rtr tip(i)=x n2 rtr tip(i)*sind(stagger rtr tip(i))-

y n rtr tip(i)*cosd(stagger rtr tip(i));

[)

% nose plot

subplot(1l,2,1);plot3(y nl s rtr tip(i)+yp rtr tip,x nl s rtr tip(i)+xp rtr_
tip, repmat (STG(i) .r tip rtr,size(y nl s rtr tip(i)+yp rtr tip)), 'Color', [13
9/255 0 0]);
subplot(l,2,1);plot3(y n2 s rtr tip(i)+yp rtr tip,x n2 s rtr tip(i)+xp rtr_
tip, repmat (STG(i) .r tip rtr,size(y n2 s rtr tip(i)+yp rtr tip)), 'Color', [13
9/255 0 0]);

title(['Rotor Shape for Stage Number:', num2str(i),])

xlabel (' [m]")

ylabel (' [m]")

zlabel (' [m]")

axis equal

grid on

hold off

SHEFHH AR A A S stator#H##A#HHHHHARHHHHHRAHHERE

theta str(i)=STG(i) .camber angle str;
chord str(i)=STG(i) .chord str;

stagger str(i)=-STG (i) .stagger angle str;
tb str(i)=STG (i) .TONC str.*chord str(i);
r 0 str(i)=0.1.*tb str(i);

$radius of curvature
R c str(i)=chord str(i)*1./(2*sind(theta str(i)./2));

sorigin of curvature
orig ¢ str(i)=-R c str(i)*cosd(theta str(i)./2);

$chord in x

if i==

x ¢ _strl=[(-chord str(i)/2:0.001:chord str(i)/2
nnls=length((-chord str(i)/2:0.001l:chord str(i)
else

)1
/2));

nns=length ((-chord str(i)/2:0.001:chord str(i)/2));

x ¢ strl=[x c strl;[(-
chord str(i)/2:0.001:chord str(i)/2),zeros(l,nnls-nns)]];
end

clear x c str
if i==
nns=length ((-chord str(i)/2:0.001:chord str(i)/2));
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end
x ¢ str=x c strl(i,l:nns);

% behaviour of chord in y direction
c str(i,l:nns)=orig c str(i)+sqrt(R c str(i)"2-x c_str.”2);
taggered blade
¢ s str(i,l:nns)=x _c str.*cosd(stagger str(i))-
¢
c

|

Q

str(i,l:nns).*sind?stagger_str(i));s sign of y changed
¢ s str(i,l:nns)=x c str.*sind(stagger str(i))+y c str(i,l:nns).*cosd(sta
ger str(i));

schord plot

subplot(1l,2,2); plot3(y c s str(i,l:nns),-

X Cc s str(i,l:nns),repmat (STG(i).r rms str,size(y ¢ s str(i,l:nns))),'--b")
% - for the x to plot the blade in the right way
hold on

S####suction surface

%camberline coordinate at origin of the chord
y orig str(i)=(chord str(i)/2)*tand(theta str(i)/4);

dd str(i)=y orig str(i)+tb str(i)/2-r 0 str(i)*sind(theta str(i)/2);
Rup str(i)=(dd str(i)"2-r 0 str(i)"2+(chord str(i)/2-

r 0 str(i)*cosd(theta str(i)/2))"2)/(2*(dd str(i)-r 0 str(i)));
theta up str(i)=2*asind(chord str(i)/2-

r 0 str(i)*cosd(theta str(i)/2))*(1/(Rup_str(i)-r O str(i)));

x u _str intl(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2));
X u str int2(i)=(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2));
if i==

x u strl=[(x u str intl(i):0.001l:x u str int2(i))];

nnl us=length((x u str intl(i):0.001:x u str int2(i)));
else

nn_us=length((x u str intl(i):0.001:x u str int2(i)));

x u strl=[x u strl;[(x u str intl(i):0.001:x u str int2(i)),zeros(l,nnl us-
nn_us)J];

end

clear x u str
if i==
nn_us=length((x u str intl(i):0.001:x u str int2(i)));
end
X u str=x u strl(i,l:nn us);

y u orig str(i,l:nn us)=y orig str(i)+tb str(i)/2-Rup str(i);
y u str(i,l:nn us)=y u orig str(i)+sqgrt(Rup_str(i)”"2-x u str.”2);

x u s str(i,l:nn us)=x u str*cosd(stagger str(i))-
y u str(i,l:nn us)*sind(stagger str(i));
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y u s str(i,l:nn us)=x u str*sind(stagger str(i))+y u str(i,l:nn us)*cosd(s
tagger str(i));

[

% suction surface plot

subplot(1,2,2);plot3(y u s_str(l l:nn us),

X u s str(i,l:nn _us),repmat (STG(1i). r_rms_str size(y u s str(i,l:nn us))),'b
")

$##pressure surface

tb 1 str(i)=-tb str(i);
r 0 1 str(i)=-r O str(i);
dd 1 str(i)=y orig str(i)+tb 1 str(i)/2-r 0 1 str(i)* sind(thetaistr(i)/2);
Rlo str(i)=(dd 1 str(i)”2-r 0 1 str(')A2+(chord str(i)/2-
r 0 1 str(i)*cosd(theta str(i)/2) )/ (2*(dd_1_str (4 ) -r 0 1 str(i)));
theta_lo_str(i):2*asind(chord str /2—
r 0 1 str(i)*cosd(theta str(i)/2) (1/(Rlo_str(i)—r_O_l_str(i)));
x 1 str intl(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2)
x 1 str int2(i)=(chord str (i) /2 rioistr( i) *cosd(theta str(i )/2)),
if i==
x 1 strl=[(x 1 str intl(i):0.001:x 1 str int2(i

)) 1
nnl ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));
else

nn_ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));

x 1 strl=[x 1 strl;[(x 1 str intl(i):0.001:x 1 str int2(i)),zeros(l,nnl ls-
nn_1s)]];

end

clear x 1 str
if i==
nn_ls=length((x 1 str intl(i):0.001:x 1 str int2(i)));
end
x 1 str=x 1 strl(i,l:nn 1s);

_orig str(i,l:nn ls)=y orig str(i)+tb 1 str(i)/2-Rlo_str(i);
ehaviour of pressure surface in y direction
str(i,l:nn 1s)=y 1 orig str(i,l:nn_ 1ls)+sqgrt(Rlo_str(i)"2-x 1 str.”2);

y 1

3 b

_l_

staggered blade
1
1
1

00 kg

s str(i,l:nn _ls)=x 1 str*cosd(stagger str(i))-
_str(i,l:nn 1ls)*sind(stagger str(i));
s _str(i,l:nn 1ls)=x 1 str*sind(stagger str(i))+y 1 str(i,l:nn_1ls)*cosd(s

X
y_
Y_
tagger str(i));

% pressure surface plot
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subplot(1,2,2); plot3(y 1 s_str(l l:nn 1s),

x 1 s str(i,l:nn 1ls),repmat (STG (1 r_rms_str size(y 1 s str(i,l:nn 1s))),'b
")

%nose design

y n str(i)=r 0 str(i)*sind(theta str(i)/2)

x nl str(i)=-(chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2))

x n2 str(i)=chord str(i)/2-r 0 str(i)*cosd(theta str(i)/2)
angl=0:0.001:2*pi;

xp _str=r 0 str(i)*cos(angl);

yp_str=r 0 str(i)*sin(angl);

x nl s str(i)=x nl str(i)*cosd(stagger str(i))-

y n str(i)*sind(stagger str(i)):;

X n2 s str(i)=x n2 str(i)*cosd(stagger str(i))-

y n str(i)*sind(stagger str(i));

y nl s str(i)=x nl str(i)*sind(stagger str(i))+y n str(i)*cosd(stagger str(
i));

y n2 s str(i)=x n2 str(i)*sind(stagger str(i))+y n str(i)*cosd(stagger str(
i));

%nose plot

subplot(1l,2,2);plot3(y nl s str(i)+yp str,-

x nl s str(i)+xp str,repmat (STG(i).r rms str,size(y nl s str(i)+yp str)),'b
")

subplot(1l,2,2);plot3(y n2 s str(i)+yp str,-

X n2 s str(i)+xp_str, repmat (STG (i) . r rms_str,size(y n2 s str(i)+yp str)),'b
")

S ####4# HUB

if proj law == 'FoV'
theta str hub(i)= STG(i).camber angle str FV hub;
stagger str hub(i)=- STG(i).stagger angle str FV hub;

tb str hub(i)=STG(i) .TONC str.*chord str(i);
r 0 str hub(i)=0.1.*tb str hub(i);

elseif proj law == 'MFV'
theta str hub(i)= STG(i) .camber angle str FREEV hub;
stagger str hub(i)= -STG(i).stagger angle_ str FREEV hub;

tb str hub(i)=STG(i) .TONC str.*chord str(i);
r 0 str hub(i)=0.1.*tb str hub(i);
end

$radius of curvature
R ¢ str hub(i)=chord str(i)*1./(2*sind(theta str hub(i)./2))

$origin of curvature
orig c_str hub(i)=-R c str hub (i) *cosd(theta str hub( ./2)

$chord in x

if i==

x ¢ _strl hub=[(-chord str(i)/2:0.001:chord str(i)/2
i)

)1
nnls hub=length ( (- chord_str( 1)/2:0.001: chord str( /2));
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else

nns_hub=length ((-chord str(i)/2:0.001:chord str(i)/2)
x_c_strl_hub=[x_c_strl_hub [(
chord str(i)/2:0.001l:chord str(i)/2),zeros(l,nnls hub-nns hub)]];
end

clear x c str hub
if i==

nns_hub=length ((-chord str(i)/2:0.001:chord str(i)/2)
end

x ¢ _str hub=x c strl hub(i,l:nns_hub);

% behaviour of chord in y direction

y_c str hub(i,l:nns _hub)=orig c str hub(i)+sgrt(R _c str hub(i)"2-
X c_str hub.”2);
%$staggered blade

c
c
t
~c s str hub(i,l:nns hub)=x c str hub.*cosd(stagger str hub(i))-
c_str hub(i,l:nns_hub).*sind(stagger str hub(i));% sign of y changed

~c_s_str hub(i,l:nns_hub)=x c str hub.*sind(stagger str hub(i))+y c str hu
(i,1:nns_hub) .*cosd(stagger str hub(i));

%chord plot

subplot(1l,2,2);plot3(y c_ s str hub(i,l:nns_hub), -
X c s str_ hub(i,l:nns_hub),repmat(STG(i).r_hub_str,size(y_c_s_str_hub(i,1:n

ns _hub))),'--','Color', [0 191/255 1])
SH####suction surface

%camberline coordinate at origin of the chord
y _orig str hub(i)=(chord str(i)/2)*tand(theta str hub(i)/4)

dd str hub(
r 0 str hub

i)=y orig str hub (i )+tb str _hub(i)/2-
(1) *
Rup str hub (i)
(1)
(1)

sind(theta str hub(i)/2)

(dd_str hub (i ) "2-r Oistrihub(i)A2+(chordﬁstr(i)/2—
r 0 str hub c
r 0 str hub );

*cosd (theta str hub(i)/2))"2)/(2*(dd_str hub(i)-
) 4

x u_str intl hub (i (chord str(i)/2-

) =-—
r 0 str hub(i)*cosd(theta str hub( )/2));
x u_str int2 hub(i)=(chord str(i)/2-
r_O_str_hub(i)*cosd(theta_str_hub( )/2))
if i==

x u strl hub=[(x u str intl hub(i):0.001:x u str int2 hub(i))];

nnl us hub=length((x u str intl hub(i):0.001:x u str int2 hub(i)));
else
nn_us_hub=length ((x u str intl hub(i):0.001l:x u str int2 hub(i)));

x u strl hub=[x u strl hub;[(x u str intl hub(i):0.001:x u str int2 hub(i))
;zeros(1l,nnl us hub-nn us hub)]];

end
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clear x u str hub
if i==

nn us hub=length((x u str intl hub (i) :0.001l:x u str int2 hub(i)));
end - o B B o B B

x u str hub=x u strl hub(i,l:nn us hub);

y u orig str hub(i,l:nn us hub)=y orig str hub(i)+tb str hub(i)/2-
Rup str hub(i);

y u str hub(i,l:nn us hub)=y u orig str hub(i)+sqrt (Rup_ str hub (i) "2-

X u str hub.”2);

X u s str hub(i,l:nn us hub)=x u str hub*cosd(stagger str hub(i))-

y_u str hub(i,l:nn us hub) *sind(stagger str hub(i));

y u s str hub(i,l:nn us hub)=x u str hub*sind(stagger str hub(i))+y u str h
ub(i,1l:nn us_ hub) *cosd(stagger str hub(i));

% suction surface plot

subplot(1l,2,2);plot3(y u s str hub(i,l:nn us hub), -

X u s str hub(i,l:nn_us hub),repmat (STG(i) .r hub str,size(y u s str hub(i,1
:nn_us_hub))), 'Color', [0 191/255 1])

axis([-0.02 0.02 -0.02 0.02 0.2 0.61])

$##pressure surface

tb 1 str hub(i)=-tb_str hub(i);
r 01 str hub(i)=-r 0 str hub(i);
i)=y orig str hub(i)+tb 1 str hub(i)/2-
r 0 1 str hub(i)*sind(theta str hub(i)/2);
Rlo str hub(i)=(dd 1 str hub(i)”"2-r 0 1 str hub(i)"2+(chord str(i)/2-
r 0 1 str hub(i)*cosd(theta str hub(i)/2))"2)/(2*(dd 1 str hub(i)-
r 01 str hub(i)));
theta lo str hub(i)=2*asind(chord str(i)/2-
r 0 1 str hub(i)*cosd(theta str hub(i)/2))*(1/(Rlo_str hub(i)-
r 01 str hub(i)));

)
i
dd 1 str_hub (i)
i

x 1 str intl hub (i
r 0 str hub(i)*cos
x 1 str int2 hub (i
r 0 str hub(i)*cos

- (chord str(i)/2-
theta str hub(i)/2));
(chord str(i)/2-
theta str hub(i)/2));

0.~ 0O -

(
(

if i==

x 1 strl hub=[(x_1 str intl hub(i):0.001:x 1 str int2 hub(i))];
nnl 1s hub=length((x 1 str intl hub(i):0.001:x 1 str int2 hub(i)));

else
nn_1ls hub=length((x 1 str intl hub(i):0.001:x 1 str int2 hub(i)));

x 1 strl hub=[x 1 strl hub;[(x 1 str intl hub(i):0.001:x 1 str int2 hub(i))
;zeros(l,nnl 1s hub-nn 1s hub)]];

end
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clear x 1 str hub
if i==

nn_ls hub=length((x 1 str intl hub(i):0.001l:x 1 str int2 hub(i)));
end

X_l_str_hub=x_l_strl_hub(i,lznn_ls_hub);

vy 1 orig str hub(i,l:nn 1ls hub)=y orig str hub(i)+tb 1 str hub(i)/2-
Rlo str hub(i);
% behaviour of pressure surface in y direction
y 1 str hub(i,l:nn 1ls hub)=y 1 orig str hub(i,l:nn_ls hub)+sqrt (Rlo_str hub
(1) 72-x 1 str hub.”2);
staggered blade
1 s str hub(i,1l:nn 1s hub)=x 1 str hub*cosd(stagger str hub(i))-
1 str hub(i,l:nn_1s hub)*sind(stagger str hub(i));
1 s str ~hub(i,1l:nn 1s hub)=x 1 str hub*sind(stagger str hub(i))+y 1 str h
ub (i l:nn 1s hub) *cosd(stagger str hub(i));

o
°

‘<‘<><1

[

% pressure surface plot

subplot(1l,2,2);plot3(y 1 s str hub(i,l:nn ls hub),

x 1 s str hub(i,l:nn ls hub), repmat (STG (i i). r_hub_str,size(y_l_s_str_hub(i,l

:nn_1ls hub))), 'Color', [0 191/255 1])

% nose design

y n str hub(i)=r 0 str hub (i ) sind(theta str hub(i)/2);
x nl str hub(i)= (chord str )/2-r 0 str hub(i)*cosd(theta str hub /2
x n2 str hub(i)=chord str( /2 r_O_str_hub( i) *cosd(theta str hub /2

angl=0:0.001:2*pi;
xp str hub=r 0 str hub(i)*cos(angl);
yp_str hub=r 0 str hub(i)*sin(angl);

x nl s str hub(i)=x nl str hub (i) *cosd(stagger str hub(i))-

y n _str hub(i)*sind(stagger str hub(i));

x n2 s str hub(i)=x n2 str hub(i)*cosd(stagger str hub(i))-

y n _str hub(i)*sind(stagger str hub(i));

y nl s str hub(i)=x nl str hub(i)*sind(stagger str hub(i))+y n str hub(i)*c
osd(stagger str hub(i));

y n2 s str hub(i)=x n2 str hub(i)*sind(stagger str hub(i))+y n str hub (i) *c
osd(stagger_ str hub(i));

o

nose plot

plot(y nl s str(i)+yp str,x nl s str(i)+xp str-axial spc(i),'b'")
plot(y n2 s str(i)+yp str,x n2_s_str(')+xp_str—axial_spc(i),'b')
plot (y nlis str( i)+spacing str(i)+yp str,x nl s str(i)+xp str-
axial spc (i), ")

% plot(y nlis str( ) -spacing str(i)+yp str,x nl s str(i)+xp str-
axial spc(i),'b")

% plot(y n2_s str( i)+spacing str(i)+yp str,x n2 s str(i)+xp str-

axial spc(i), ")

% plot(y_n2_s_str(i)—spacing_str(i)+yp_str,x_n2_s_str(i)+xp_str—

axial spc(i),'b")

subplot(1l,2,2);plot3(y nl s str hub(i)+yp str hub, -

x nl s str hub(i)+xp str hub,repmat (STG(i).r hub str,size(y nl s str hub (i)
+yp_str hub)), 'Color', [0 191/255 11);

o° o

oe
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subplot(1l,2,2);plot3(y n2 s str hub(i)+yp str hub, -

Appendix

x n2 s str hub(i)+xp_ str hub,repmat (STG(i).r hub str,size(y n2 s str hub (i)

+yp_str hub)), 'Color', [0 191/255 11);

5 ##### TIP

if proj law == 'FoV'
theta str tip(i)= STG(i).camber angle str FV tip;
stagger str tip(i)=- STG(i) .stagger angle str FV tip;

tb str tip(i)=STG(i) .TONC str.*chord str(i);
r 0 str tip(i)=0.1.*tb str tip(i);

elseif proj law == 'MFV'
theta str tip(i)= STG(i).camber angle str FREEV tip;
stagger str tip(i)= -STG(i).stagger angle str FREEV tip;

tb str tip(i)=STG(i) .TONC str.*chord str(i);
r 0 str tip(i)=0.1.*tb str tip(i);
end

$radius of curvature
R ¢ str tip(i)=chord str(i)*1./(2*sind(theta str tip(i)./2));

$origin of curvature
orig ¢ str tip(i)=-R c str tip(i)*cosd(theta str tip(i)./2);

$chord in x

if i==

x ¢ _strl tip=[(-chord str(i)/2:0.001:chord str(i)/2
nnls tip=length((-chord str(i)/2:0.001l:chord str (i)
else

)1
/2));

nns_tip=length((-chord str(i)/2:0.001:chord str(i)/2));

x ¢ strl tip=[x c strl tip;[ (-
chord str(i)/2:0.001:chord str(i)/2),zeros(l,nnls tip-nns tip)]]1;
end

clear x c str tip
if i==

nns_tip=length((-chord str(i)/2:0.001:chord str(i)/2));
end

x c str tip=x c strl tip(i,l:nns_tip);

% behaviour of chord in y direction

y c str tip(i,l:nns tip)=orig c str tip(i)+sqrt(R c str tip(i)"2-
X Cc_str tip."2);
%$staggered blade

c
c
t
c s str tip(i,l:nns_tip)=x c str tip.*cosd(stagger str tip(i))-
c °
~C s

(i,1:nns_tip) .*cosd(stagger str tip(i));

%schord plot
subplot(1,2,2);plot3(y c s str tip(i,l:nns_tip),-

7str7tip(i,1:nnsitip).*sind?staggeristritip(i));6 sign of y changed
_str tip(i,l:nns tip)=x c str tip.*sind(stagger str tip(i))+y c str ti

X c s str tip(i,l:nns_tip),repmat (STG(i).r tip str,size(y c s str tip(i,1l:n

ns tip))),'--','Color', [16/255 78/255 139/255])
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S####suction surface

$camberline coordinate at origin of the chord
y orig str tip(i)=(chord str(i)/2)*tand(theta str tip(i)/4);

dd str tip(
r 0 str tip

i)=y orig str tip(i )+tb str tlp ) /2-
(1)
Rup str tip (i)
(1)
(1)

Elnd(theta str_tip(i)/2)
(dd_str tip(i)"2- r_O_str tip (i) *2+ (chord str(i)/2-
cosd(theta str tip(i)/2))"2)/(2*(dd str tip(i )

)

’

r 0 str tip *
r 0 str tip )

x u _str intl tip(i)=-(chord str(i)/2-

)=
r 0 str tip(i)*cosd(theta str tip(i)/2))
X u str int2 tip(i)=(chord str(i)/2-
r 0 str tip(i)*cosd(theta str tip(i)/2))
if i==
x u strl tip=[(x u str intl tip(i):0.001:x u str int2 tip(i))];

nnl us_ tip=length((x u str intl tip(i):0.001:x u str int2 tip(i)));
else
nn_us_tip=length((x u str intl tip(i):0.00l1:x u str int2 tip(i)));

x u strl tip=[x u strl tip;[(x u str intl tip(i):0.001:x u str int2 tip(i))
,zeros(l,nnl us tip-nn us tip)]];

end

clear x u str tip
if i==

nn_us_ tip=length((x u str intl tip(i):0.00l:x u str int2 tip(i)));
end

X u str tip=x u strl tip(i,l:nn us tip);

y u orig str tip(i,l:nn us tip)=y orig str tip(i)+tb str tip(i)/2-
Rup str tip(i);

y u str tip(i,l:nn us tip)=y u orig str tip(i)+sgrt(Rup_str tip(i)"2-

X u str tip."2);

X u s str tip(i,l:nn us tip)=x u str tip*cosd(stagger str tip(i))-

y u str tip(i,l:nn us tip)*sind(stagger str tip(i)):;

y u s str tip(i,l:nn us tip)=x u str tip*sind(stagger str tip(i))+y u str t
ip(i,1l:nn us tip) *cosd(stagger str tip(i)):;

[

% suction surface plot

subplot(1l,2,2);plot3(y u s str tip(i,l:nn us tip),-
X u s str tip(i,l:nn us tip),repmat (STG(i).r tip str,size(y u s str tip(i,1
:nn_us_tip))), 'Color', [16/255 78/255 139/255])

$##pressure surface

tb 1 str tip(i)=-tb_str tip(i);
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)=-r 0 str tip(i);

=y orig str tip(i)+tb 1 str tip(i)/2-

-0 1 ) *sind (theta str tip(i)/2);

Rlo str tip(i)=(dd 1 str tip(i)”2-r 0 1 str tip (i)~ 2+ (chord str(i)/2-
r 0 1 str tip(i)*cosd(theta str tip(i)/2))"2)/(2*(dd 1 str tip(i)-

r 0 1 str tip(i)));

theta lo str tip(i)=2*asind(chord str(i)/2-

r 0 1 str tip(i)*cosd(theta str tip(i)/2))*(1/(Rlo_str tip(i)-

r 01 str tip(i)));

r 0 1 str tip(d
dd 1 str tip(i)
r 0 1 str tip(d

- (chord str(i)/2-
theta str tip(i)/2));
(chord str(i)/2-
theta str tip(i)/2));

x 1 str intl tip(i
r 0 str tip(i)*cos
x 1 str int2 tip(i

)
d
)
r 0 str tip(i)*cosd

—_ 1~

if i==

x 1 strl tip=[(x_1 str intl tip(i):0.001:x 1 str int2 tip(i))];
nnl 1s tip=length((x 1 str intl tip(i):0.001:x 1 str int2 tip(i)));

else
nn 1ls tip=length((x 1 str intl tip(i):0.001:x 1 str int2 tip(i))):;

x 1 strl tip=[x 1 strl tip;[(x 1 str intl tip(i):0.001:x 1 str int2 tip(i))
,zeros(l,nnl 1ls tip-nn ls tip)]];

end

clear x 1 str tip
if i==

nn ls tip=length((x 1 str intl tip(i):0.001:x 1 str int2 tip(i)));
end

x 1 str tip=x 1 strl tip(i,l:nn 1ls tip);

vy 1 orig str tip(i,l:nn 1ls tip)=y orig str tip(i)+tb 1 str tip(i)/2-

Rlo str tip(i);

% behaviour of pressure surface in y direction

y 1 str tip(i,l:nn 1ls tip)=y 1 orig str tip(i,l:nn_1ls tip)+sqgrt(Rlo_str tip
(1) 72-x 1 str tip.”2);

%$staggered blade

x 1 s str tip(i,l:nn 1s tip)=x 1 str tip*cosd(stagger str tip(i))-

y 1 str tip(i,l:nn 1ls tip)*sind(stagger str tip(i)):;

y 1 s str tip(i,l:nn 1ls tip)=x 1 str tip*sind(stagger str tip(i))+y 1 str t
ip(i,1l:nn 1s tip) *cosd(stagger str tip(i)):;

% pressure surface plot

subplot(1l,2,2);plot3(y 1 s str tip(i,l:nn 1ls tip),-
x 1 s str tip(i,l:nn_ls tip),repmat(STG(i).r tip str,size(y 1 s str tip(i,1

:nn_1s tip))), 'Color', [16/255 78/255 139/255])

o)

% nose design
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y n str tip(i)=r 0 str tip(i)*sind(theta str tip(i)/2);

x nl str tip(i)=-(chord str(i)/2-r 0 str tip(i)*cosd(theta str tip(i)/2));
x n2 str tip(i)=chord str(i)/2-r 0 str tip(i)*cosd(theta str tip(i)/2);
angl=0:0.001:2*pi;

xp str tip=r 0 str tip(i)*cos(angl);

yp_str tip=r 0 str tip(i)*sin(angl);

x nl s str tip(i)=x nl str tip(i)*cosd(stagger str tip(i))-

y n str tip(i)*sind(stagger str tip(i));

X n2 s str tip(i)=x n2 str tip(i)*cosd(stagger str tip(i))-

y n str tip(i)*sind(stagger str tip(i));

y nl s str tip(i)=x nl str tip(i)*sind(stagger str tip(i))+y n str tip(i)*c
osd(stagger str tip(i));

y n2 s str tip(i)=x n2 str tip(i)*sind(stagger str tip(i))+y n str tip(i)*c
osd(stagger_ str tip(i));

o)

% nose plot

subplot(1l,2,2);plot3(y nl s str tip(i)+yp str tip,-

x nl s str tip(i)+xp_ str tip,repmat(STG(i).r tip str,size(y nl s str tip(i)
+yp_str tip)), 'Color', [16/255 78/255 139/255]);
subplot(1l,2,2);plot3(y n2 s str tip(i)+yp str tip,-

X n2 s str tip(i)+xp str tip,repmat (STG(i).r tip str,size(y n2 s str tip(i)
+yp_str tip)), 'Color',[16/255 78/255 139/255]);

xlabel ('[m]")

ylabel (' [m]")

zlabel ("[m]")

title(['Stator Shape for Stage Number:', num2str(i),])
grid on

axis equal

hold off

B5, Main Calculation

[

% Main Calculation for the compressor

SHE AR A A A R R 4

SH# ##
SHH Main Calculation ##
SH# ##
SH# (c) Niclas Falck and Magnus Genrup ##
SH# and Daniele Perrotti (2013) ##
SH# ##
SHH Lund University/Dept of Energy Sciences ##
SH# ##

R AR SRR

function [STG,CompInfo,O0GV] = compressorcalculation(filename)
globalvariables %call for the global variables

SHE##H AR FHFEHHH#F Converts textfile to a matrix ######fHHtdHahAdHddhadd444

CompInputdata = createInputFile(filename);
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SHEfHEF A F S EF A FEHEF  Numerical settings ######4#4444444H444 4444 H4HEH4H

RLX REACT = 0.8;
RLX PR = 0.95;

SHEfHHF A F S FEH#HE Import data from the input matrix ########4#4444444444

Q

N stg = strZ2num(CompInputdata{5,1}); % number of stages in the compressor

o)

PR comp = str2num(CompInputdata{7,1}); % sets the desirable compressor ratio

PO _in = str2num(CompInputdata{3,1}); % absolute inlet pressure
TO in str2num (CompInputdata{4,1})-273.15; % absolute inlet temperature
RPM = str2num(CompInputdata{8,1}); % revolutions per minute

for k=1:N stg % massflow variation
flow (k) = str2num(CompInputdata{6,k});
end

Alpha in = str2num(CompInputdata{l2,1});
PHI in = str2num(CompInputdata{l3,1});
HONT in = str2num(ComplInputdata{l4,1}); % hub/tip

comp type = CompInputdata{2,1};
SONC_type = CompInputdata{ll,1};
set REACT str2num (CompInputdata{9,1});

proj law = CompInputdata{27,1}; % project law choose
if proj law == 'MFV'

n = CompInputdata{28,1}; %Stype of swirl law
end

% set initial C _OGV
if comp type=='EHT'

if proj law == 'FoV'

C OGV_new = str2num(CompInputdata{28,1}) % %C OGV it's 131
elseif proj law == 'MFV'

C OGV_new = strZ2num(CompInputdata{29,1})
end

end

if set REACT ==
for i=1:N stg
REACT stg(i) = strZnum(CompInputdata{l0,i}); % sets a fixed value of the
degree of reation
end
end

for i=1:N_stg
Whirl angle(

_ i)=str2num(CompInputdata{l0,i});%whirl angle
EPSONC rtr (i)
i)

str2num (CompInputdata{l5,i}); % (blande end clearence)/chord
)

EPSONC_str ( = str2num(CompInputdata{l6,i}); % (blande end clearence) /chord
AR rtr(i) = str2num(CompInputdata{l7,i}); %Aspect ratio (H/C)
AR str (i) = strZnum(CompInputdata{l8,i});

TONC _rtr(i) = str2num(CompInputdata{l9,i}); % (T/C)
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TONC str(i) = strZ2num(CompInputdata{20,i});
if strcmp (SONC type, 'Custom') == 0 % SONC is not set but is calculated
instead
DF rtr(i) = strZ2num(CompInputdata{2l,i});
DF str(i) = strZ2num(CompInputdata{22,i});
else
SONC rtr (i) = str2num(CompInputdata{2l,i});
SONC_str (i) = strZnum(CompInputdata{22,i});
end
AVR rtr(i) = strZ2num(CompInputdata{23,i}); % Axial Velocity Ratio
AVR str(i) = strZnum(CompInputdata{24,i}):;
BLK stg(i) = str2num(CompInputdata{25,i}); % Blockage Factor

PSI variation(i) = str2num(CompInputdata{26,i}); %loading distribution
end

SHE#HH AR FHAE AR AF AR A FHHES Compressor inlet ####h##HAdfHftdHAhAtFHddhahddts

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y S02,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('PT',PO_in,TO in,0,1);

Cp_in = Cp;

rho_in = rho;
Visc in = Visc;
kappa_in = kappa;
a in = a;

[r rms in, r m in, r hub in, r tip in] =
Inletgeom (PO _in,TO in, flow(1l),RPM,HONT in,PHI in,Alpha in,BLK stg(l));

U in = r rms_in*pi*RPM/30; %blade speed based om RMS radius
Cm in = PHI in*U in; %meridional velocity
C in = Cm_in/cosd(Alpha in);

[

M in = C_in/a in; % inlet relative Mach #
U tip in = r tip in*pi*RPM/30;

((Cm_in”2+(U_tip in-Cm in*tand(Alpha in))"2)"70.5)/a_in;

M tip in
area in = flow(l)/(Cm _in*rho in);

if comp type=='EHT'
EHT rel error level=l;

n EHT=0;
conv_EHT=0;
while conv_EHT == 0 % Solves for correct pressure ratio

if abs (EHT rel error level) < 10”(-4)
conv_EHT = 1;
end

if n EHT==
TO OGV_new=400;% guess value for outlet temperature
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(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto,
LHV, y S02, y H20, y CO2, y N2, y 02, y Ar,
y Hel]=state('PT',PO_in*PR comp,TO0 OGV new,0,1);

h exit=H-C_OGV new"2/2;

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto,
LHV, y S02, y H20, y CO2, y N2, y 02, y Ar, y He]l=state('HS',h exit,s,0,1);

rho OGV = rho;

else
TO0 _OGV_new=TO0_OGV;
C_OGV_new=C_OGV;
end
area final=flow (N _stg)/(rho OGV*C OGV_new*BLK stg(N stg));
area eff=area in-area final;
r rms_out=sqrt(area eff/pi);

S S HA#HhHAAH A A A S A At PRESSUREH## #4444 44 S 44 4SS 4H44
PR loop % call for the pressure loop
S SHAHHHHAHAH A AR A H A A A
n_EHT=n EHT+1;
EHT rel error level=1-TO OGV/TO0 OGV_ new;
end
else
PR loop
end
pressure ratio = P_OGV/PO1(1);

SHEFHFH S HHHF A HHH S Blade angles #####HHHHHFHFESHHHHFHERBHHHAHERSHS

for i = 1:N_stg

spacing rtr(i) = chord rtr(i)*SONC rtr(i);

diameter rtr(i) = 2*pi*r rms rtr(i);

numb blades rtr(i) = diameter rtr(i)/spacing rtr(i);
numb blades rtr(i) = ceil (numb blades rtr(i));
spacing str(i) = chord str(i)*SONC str(i);

diameter str(i) = 2*pi*r rms str(i);

numb blades str(i) = diameter str(i)/spacing str(i);
numb blades str(i) = ceil (numb blades str(i));

SHFFF AR 44444 Rotor angles ########HHHHHHHHHHHHHHHH44
rel ang in = Betal(i);

rel ang out = Beta2(i);

SONC = SONC rtr(i);

TONC = TONC rtr(i);

M = MWL (i);
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[incidence angle,deviation angle,camber angle,attack angle,stagger angle,blade a
ngle in,blade angle out] = Bladeangles(rel ang in,rel ang out, SONC, TONC,M) ;
incidence angle rtr (i) = incidence angle;
deviation angle rtr(i) = deviation angle;
camber angle rtr (i) = camber angle;

attack angle rtr(i) = attack _angle;
stagger angle rtr(i) = stagger angle;
blade angle in rtr(i) = blade angle in;
blade angle out rtr(i) = blade angle out;

SHEHHFHHHEHF A H A AR EHHHHEHS Stator angles #H###HH#H#HHHHHHHEHFHHHHFHHHES
rel ang _in = Alpha2(i);

rel ang out = Alpha3(i);

SONC = SONC_str (i)

TONC = TONC str(i);

M = MC2(1i);

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,blade a
ngle in,blade angle out] = Bladeangles(rel ang in,rel ang out, SONC, TONC,M) ;
incidence angle str (i) = incidence angle;
deviation angle str(i) = deviation angle;
camber angle str (i) = camber angle;
attack angle str(i) attack angle;

stagger angle str (i) = stagger angle;
blade angle in str(i) = blade angle in;
blade angle out str(i) = blade angle out;

SHfHFFF AR FFEFFAE Tip-housing angle ###aa# a4 Fa 4 #F a4 FFfH i

tip angle rtr(i) = atand((r_ tip 1(i)-
r tip 2(i))/ (chord rtr(i)*cosd(stagger angle rtr(i))));
tip angle str (i) = atand((r tip 2(i)-

r tip 3(i))/ (chord str(i)*cosd(stagger angle str(i))));

if proj law == 'FoV'
Forced Vortex BA DF stg % call for the blade angles and diffusion factor
from Forced Vortex law
elseif proj law == 'MFV'
Free Vortex BA DF stg
end
end

SHEHHFE R HHFEHHHAHHF Blade angles for the OGV ######4#####HFHHHHHFHFHEHES

spacing OGV = chord OGV*SONC OGV;
diameter OGV = 2*pi*r rms OGV;

numb blades OGV = diameter OGV/spacing OGV;
numb_ blades OGV = ceil (numb_blades O0OGV) ;

rel ang in = Alpha3(N_stg);
rel ang out = 0;

SONC = SONC OGV;

TONC = TONC str (N _stg);
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M = MC3(N_stq);

[incidence angle,deviation angle,camber angle,attack angle,stagger angle,blade a
ngle in,blade angle out] = Bladeangles(rel ang in,rel ang out, SONC, TONC,M) ;
incidence angle OGV = incidence angle;

deviation _angle OGV deviation angle;

camber angle OGV = camber angle;

attack angle OGV = attack angle;

stagger angle OGV = stagger angle;

blade angle in OGV = blade angle in;

blade angle out OGV = blade angle out;

if proj law == 'FoV'
Forced Vortex BA DF OGV % call for the blade angles and diffusion factor
from Forced Vortex law
elseif proj law == 'MFV'
Free Vortex BA DF OGV
end

SHEFHHHHHHHHH AR HHHH S HHHHE Misc. properties #######H#HHHHFHHHHFHHHEHHHFHSS
Power=0; %Resetting stage power summation
for i=1:N_stg

SHEFH#HHHHHH AR AR FHRHHHHE static pressure rise H#tH###HHHHFHSHHFFRHESFSFES

Cp_rtr(i) = (P2(i)-P1(i))/ (POl rel(i)-P1(i));
Cp_str(i) = (P3(1)-P2(1))/(PO2(i)-P2(1));

SHAEHHH S A H A HHH S #4444 Stage pressure ratio #####SHSHSFF S HEHEHEAS
PR stg (i) = P03(i)/PO1(i);
SHitfdthdh A A A HHH #4444+ Accumulated pressure ratio H#h#hFFFRFHFHFHFHFIH
PR acc (i) = P03(i)/P01(1);
SEHEEHR AR A HHHEEH AR AR RH444 Stage temp increase #EEFHREEHEEFEEEERRRRASS
dT0_stg(i) = TO3(i)-TO1(i);
SHEFHHFRAFFHFEAFHFFHHE Polytropic stage efficiency #HH###F#HFFFHFFHFFHFHS

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO02,
y H20, y CO02, y N2, y 02, y Ar, y Hel=state('PT',1,T03(1),0,1);

aa = S; % a dummie variable

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('PT',1,T01(i),0,1);

bb = S; % a dummie variable

poly eff stg(i) = R*log(P03(i)/P01(i))/(aa-bb);

SHE##HHHHHHHEH#HHE Accumulated polytropic efficiency ########44#4H##444

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel=state('PT',1,T03(i),0,1);
aa = S; $ a dummie variable
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[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel=state('PT',1,T01(1),0,1);

bb = S; % a dummie variable

poly eff acc(i) = R*log(P03(i)/P01(1l))/ (aa-bb);

SHE###HHHHHH AR AR FHHHHHHE Isentropic stage efficiency #######f#HH#HHHHFHS

P = P03 (1),

S = S01(1i);

[p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y He]=state('PS',P,S,0,1);

HO03s = H; % the isentropic enthalpy

isen eff stg(i) = (HO03s-HO01(i))/(HO3(i)-HO1(1i));

SHEfHFFSHFF A F A FEESF Stage flow coefficient ####HFHHFHFHFFFHFFEHFFEHAH
PHI stg(i) = (Cml(i)+Cm2(1i))/ (Ul (i)+U2(i));
SHEfHHFHHEF S F S FEHHHE Compressor Power ########H4H#4HHHHHHHHHHEHEHES
Power=Power+flow (i) * (HO3(i)-HO01(i))/1000;

end

SHAFHHE A AFFE A AFFE SRS Stall and Surge HEHHHFFFERERFAFFERRRAAFFES SRS
SRR R R R

for i =1:N_stg
SHtttttttttttttttttttt constants/variables ######tttttttttttttttst

% staggered spacing

g rtr =
pi*r rms rtr(i)*(cosd(blade angle in rtr(i))+cosd(blade angle out rtr(i)))/numb
blades rtr(i);

g str =
pi*r rms str(i)* (cosd(blade angle in str(i))+cosd(blade angle out str(i)))/numb_
blades str(i);

g = (Wl(i)"2*g rtr + C2(i)"2*g_str)/(Wl(i)"2+C2(1i)"2); % average value of g
in the stage
% L/g2, L is meanline length of circular-arc profile
LONGZ rtr =
(1/SONC _rtr(i))/(cosd(blade angle out rtr(i))*cosd(camber angle rtr(i)/2));
LONG2 str =
(1/SONC_str(i))/ (cosd(blade angle out str(i))*cosd(camber angle str(i)/2));

LONG2 = (W1l (i) 2*LONG2 rtr + C2 (i) 2*LONG2 str)/ (Wl (i)~ 2+C2(i)"2); % average
value of L/g2 in the stage

% endwall space
epsilon rtr = EPSONC rtr (i)*chord rtr(i);
epsilon str = EPSONC str(i)*chord str(i);

epsilon = (W1l (i)"*2*epsilon rtr + C2(i)A2*epsilon_str)/(Wl(i)A2+C2(i)A2);

[o)

% epsilon/g
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C2 (1

EPSONG = epsilon/g;

%Reynolds number
Re = (W1(i)”"2*Re rtr(i) + C2(i)"2*2*Re str(i))/(Wl(i)" 2+C2(1i)"2);

o)

% axial spacing

axial spacing rtr = 0.2*chord rtr(i);

axial spacing str = 0.2*chord str(i);

axial spacing = (Wl (i)"2*axial spacing rtr +
) "2*axial spacing str)/ (Wl (i)"2+C2(i)"2);

dZ = axial spacing;

%$staggered spacing

s_rtr = spacing rtr(i);
s _str = spacing str(i);
s = (Wl (i)"2*spacing rtr(i) + C2(i)A2*spacing_str(i))/(Wl(i)A2+C2(i)A2);

dZONS = dz/s; % dZ/s

SHAE#HHH SR HHHHERES F ef HH444444R 1 HHHHES

% rotor
U in = Ul(1);
C in = Cl(i);
W rtr in = Wl (i
if (Alphal(1)+Betal( 1)) >= 90
V min = Cl(i)*sind(Alphal (i)+Betal(i));
else
V min = Cl(1i);
end
F ef rtr = (142.5*V min®2+0.5*U in”2)/ (4*C in"2)
% stator
U in U2 (1) ;
C in = C2(i);
V_str in = C2(1i);
if (Alpha2(i)+Beta2(i)) >= 90
V min = C2(i)*sind(Alpha2 (i)+Beta2(i));
else
V min = C2(1i);
end
F ef str = (142.5*V_ min”2+0.5*U in"2)/(4*C _in"2);
% average
F ef(i) = (W1(i)"2*F ef rtr + C2(i)"2*F_ef str)/(Wl(i)" 2+C2(1i)"2);

SHEFHHHAHAHFHHHHFFHHEHAHS ChD ##HH#HHHHHH A HHHHHHHFH RS HHH S
x = LONG2;

%polynomial coefficients
coeff Ch D = [0.001777942251246
-0.019627519528419
0.091687954954062
-0.251659185450453
0.491601357182957
0.0764310458996221;
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Ch D(i) = 0;

for j=1:6
Ch D(i) = Ch D(i)+coeff Ch D(J)*(x)"(6-]j); % evaluate the polynomial
end

SHAFHFER A AFFER A AFFEEE (Ch/ChD) eps #####Fddfdtdadd s ttdaddad s
x = EPSONG; % epsilon/g

%polynomial coefficients
coeff Ch eps = [-53510.30317191636
22041.80905688297
-3381.24369820182
242.41566524838544
-10.098550480478846
1.2168259759807017;

Ch eps(i) = 0;

for j=1:6
Ch eps (i) = Ch eps(i)+coeff Ch eps(j)*(x)"(6-J); % evaluate the
polynomial
end

SHEFHHHAH A F A AR A FHAHHASE (Ch/ChD) dZ #####4HHHHHHFHSHHHHRFHHHRHHHHHS
x = dZONS; % dz/S

%polynomial coefficients
coeff Ch dZ = [0.514206502798114
-0.745186356821405
-0.221066436780794
0.960732185823537
-0.615664604922058
1.119049824148622];

Ch dz(i) = 0;
for j=1:6
Ch dZ(i) = Ch dZ(i)+coeff Ch dZ(j)*(x)"(6-J); % evaluate the polynomial

end

SHEFHFH AR HHAHH AR HEESE (CD/CPD) _Re ########444HH#H#H#4HHHHHH#HHFHARHHS

x = Re;

% coefficients

a = -107.8;

b = -0.6767;

c = 1.041;

Ch Re (i) = a*x"b+c;

Sifddddddsssasdidassssdddssadaddiiataaadiiaaaaad s

Ch max (i) = F ef(i)*Ch D(i)*Ch Re(i)*Ch dz(i)*Ch eps(i);
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SHEFHFH S HHHFEER S Ch S HHFHE A F RS

kappa mean = (kappal (i)+kappa3(i))/2;
Cp mean = (Cpl(i)+Cp3(i))/2;

aa = Cp mean* (T1(1)+273.15)* ((P3(1)/P1(1))" ((kappa mean-1)/kappa mean)-1);

bb = (U2(1)"2-Ul(i)"2)/2;

cc = (W1 (i)~"2+C2(1)"2)/2;

Ch(i) = (aa-bb)/cc;

omega (i) = Ch(i)/Ch max(i);
end

SHAEFRHHF R AF A F A F R HH RS Polytropic efficency ######4H#44H444H4HEHHHEH4H

P ref = 1; % a reference pressure for the calculation

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel]=state('PT',P ref,TO3(N _stg),0,1);

aa = S; % a dummie variable

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO2,
y H20, y CO2, y N2, y 02, y Ar, y Hel]=state('PT',P ref,T01(1),0,1);

bb = S; % a dummie variable

poly eff = R*1log(PO3(N_stg)/P01(1l))/ (aa-bb);

SHEfHAFRHFF A F A F S FFEHHF Isentropic efficency #####FdHdFddtadddadddaddds

P = P3(N_stqg);

S = S3(1);

(p, T, H, S, Cp, rho, Visc, lambda, kappa, R, a, crit, FARsto, LHV, y SO02,
y H20, y CO2, y N2, y 02, y Ar, y Hel]=state('PS',P,S,0,1);

H2s = H; % the isentropic enthalpy

isen eff = (H2s—H1(1))/(H3(N_stg)—H1(1));
SHEFHHHHHH A H A H A H A A S Compressor cost #######HHH#HHHFHEHFHEHHHEHHH
mean diameter = r rms_1(l)+r rms 3 (N _stg);

comp cost = 1.13*2625*(N_stg”1.155 * PR comp”0.775 * mean diameter”0.489 +
14.25);

SHEFHAHHHEH AR EHH A HH#HHES Compressor Length #####fdH44#HH44#HHEH4HHEHH#HH
Comp length = 0;

for i=1:N_stg

Comp length = Comp length + chord rtr(i)*cosd(stagger angle rtr(i));
Comp length = Comp length + chord rtr(i)*0.2;
Comp length = Comp length + chord str(i)*cosd(stagger angle str(i));
Comp length = Comp length + chord str(i)*0.2;

end
Comp length = Comp length - chord str (N _stg)*0.2;
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Comp angle = atand((r tip 1(1l)-r tip 3(N stg))/Comp length);

SH##########4# Creates a structure of a properties and values

CompInfo.comp name = CompInputdata{l,1l};
CompInfo.type = comp type;
CompInfo.PO in = PO _in;
CompInfo.TO in = TO0 in;
CompInfo.PR comp = PR comp;
CompInfo.N stg = N stg;
CompInfo.RPM = RPM;
CompInfo.Alpha in = Alpha in;
CompInfo.PHI in = PHI in;
CompInfo.HONT in = HONT in;
CompInfo.poly eff = poly eff;
CompInfo.isen eff = isen eff;
CompInfo.comp cost = comp cost;
CompInfo.area in = area in;
CompInfo.M tip in = M tip in;
CompInfo.Power = Power;
CompInfo.Comp length = Comp length;
CompInfo.Comp angle = Comp angle;
OGV.Cm = Cm_OGV;

OGV.C = C_0GV;

OGV.HO = HO_OGV;

OGV.H = H OGV;

OGV.s = S _0GV;

OGV.P = P_OGV;

OGV.T = T OGV;

OGV.Cp = Cp OGV;

OGV.rho = rho OGV;

OGV.Visc = Visc OGV;

OGV.kappa = kappa OGV;

OGV.a = a_0OGV;

OGV.PO = PO_OGV;

OGV.TO = TO_OGV;

OGV.MCm = MCm_ OGV;

OGV.MC = MC3(N_stgqg);

OGV.dH = dH_O0GV;

OGV.r rms = r rms_ OGV;

OGV.r tip = r tip OGV;

OGV.r hub = r hub OGV;

OGV.HONT = HONT OGV;

OGV.height = height OGV;

OGV.chord = chord OGV;

OGV.Re = Re_ O0OGV;

OGV.SONC = SONC OGV;

OGV.DF 1bl = DF 1lbl OGV;

OGV.Deq star 1bl = Deq star 1bl OGV;
OGV.Deq = Deq OGV;

OGV.Deq star ks = Deq star ks 0OGV;
OGV.Mcrit Hearsey = Mcrit Hearsey OGV;
OGV.Mcrit Sch = Mcrit Sch OGV;
OGV.OMEGA p = OMEGA p OGV;

OGV.OMEGA ew = OMEGA_ew OGV;

OGV . numb
OGV.inci
OGV.devi
OGV.camb

blades = numb blades OGV;
dence _angle = incidence_angle OGV;
ation angle = deviation angle OGV;

er angle = camber angle OGV;

Appendix

FHEHEHHESFERAE
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OGV.attack angle = attack angle OGV;
OGV.stagger angle = stagger angle OGV;
OGV.blade angle in = blade angle in OGV;
OGV.blade angle out = blade angle out OGV;

if proj law == 'FoV' $Forced Vortex Law values

OGV.Cm_OGV_FV_hub=Cm_OGV_FV_hub;

OGV.Cm _OGV_FV tip=Cm OGV_FV tip;

OGV.Cp_OGV_FV_hub=Cp OGV_FV_hub;

OGV.Cp OGV_FV_tip=Cp OGV_FV tip;

OGV.DF 1bl OGV_FV_hub=DF 1bl OGV_FV hub;

OGV.DF 1bl OGV_FV tip=DF 1lbl OGV FV tip;

OGV.Deq OGV_FV hub=Deq OGV_FV hub;

OGV.Deq OGV_FV_ tip=Deqg OGV_FV tip;

OGV.Deq star 1bl OGV_FV hub=Deq star 1bl OGV_FV hub;
OGV.Deq star 1bl OGV_FV tip=Deq star 1lbl OGV_FV tip;
OGV.Deq star ks OGV_FV hub=Deq star ks OGV_FV hub;

OGV.Deqg star ks OGV_FV tip=Deq star ks OGV_FV tip;

OGV.HO OGV_FV_hub=H0 OGV_FV_hub;

OGV.HO OGV_FV tip=HO OGV FV tip;

OGV.H_OGV_FV_hub=H OGV_FV_hub;

OGV.H OGV_FV tip=H OGV_FV tip;

OGV.MC_OGV_FV_hub=MC OGV_FV_hub;

OGV.MC_OGV_FV_tip=MC OGV_FV_tip;

OGV.Mcrit Hearsey OGV_FV hub=Mcrit Hearsey OGV_FV hub;
OGV.Mcrit Hearsey OGV_FV tip=Mcrit Hearsey OGV FV tip;
OGV.PO_OGV_FV tip=P0 OGV FV tip;
OGV.P0_OGV_FV_hub=P0_OGV_FV_hub;
OGV.P_OGV_FV_hub=P OGV_FV hub;

OGV.P _OGV_FV tip=P OGV_FV tip;
OGV.SONC_OGV_FV_hub=SONC_OGV_FV hub;
OGV.SONC_OGV_FV_tip=SONC OGV_FV tip;

OGV.T0 OGV_FV_tip=T0 OGV_FV tip;

OGV.TO OGV_FV_hub=T0 OGV_FV_ hub;

OGV.T OGV_FV_hub=T OGV_FV_hub;

OGV.T OGV_FV tip=T OGV FV tip;
OGV.SONC_OGV_FV_hub=SONC_OGV_FV_hub;
OGV.SONC_OGV_FV_tip=SONC_OGV_FV tip;

OGV.a OGV_FV hub=a OGV_FV hub;

OGV.a OGV_FV tip=a OGV_FV tip;

OGV.blade angle in OGV_FV hub=blade angle in OGV_FV hub;
OGV.blade angle in OGV_FV tip=blade angle in OGV_FV tip;
OGV.blade angle out OGV_FV hub=blade angle out OGV_FV hub;
OGV.blade angle out OGV_FV tip=blade angle out OGV_FV tip;
OGV.camber angle OGV_FV hub=camber angle OGV_FV hub;
OGV.camber angle OGV_FV tip=camber angle OGV_FV tip;
OGV.deviation angle OGV_FV hub=deviation angle OGV_FV hub;
OGV.deviation angle OGV_FV tip=deviation angle OGV_FV tip;
OGV.dH_OGV_FV_hub=dH OGV_FV_hub;

OGV.dH OGV_FV tip=dH OGV_FV tip;

OGV.incidence angle OGV_FV hub=incidence angle OGV_FV hub;
OGV.incidence angle OGV_FV tip=incidence angle OGV_FV tip;
OGV.rho OGV_FV hub=rho OGV_FV hub;

OGV.rho OGV_FV tip=rho OGV_FV tip;

OGV.stagger angle OGV_FV hub=stagger angle OGV_FV hub;
OGV.stagger angle OGV_FV tip=stagger angle OGV_FV tip;

[

elseif proj law == 'MFV' % Modified Free Vortex Law Values

OGV.Cm OGV FREEV hub=Cm OGV FREEV hub;
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OoGV.
OGV.
OoGV.
OGV.
OGV.
OGV.
OGV.
OGV.
.Deg_star 1lbl OGV_FREEV tip=Deqg star 1lbl OGV_FREEV tip;
oGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
oGV.
.Mcrit _Hearsey OGV_ FREEV hub=Mcrit Hearsey OGV_FREEV hub;
OGV.
oGV.
OGV.
OGV.
OGV.
oGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
OGV.
oGV.
OGV.
OoGV.
OGV.
OGV.
OGV.
OGV.
oGV.
OGV.
OoGV.
OGV.
OoGV.
OGV.
OGV.

oGV

oGV

end

Cm OGV_FREEV tip=Cm OGV_FREEV tip;

Cp_OGV_FREEV hub=Cp OGV_FREEV hub;

Cp_OGV_FREEV tip=Cp OGV_FREEV tip;

DF 1bl OGV_FREEV hub=DF 1bl OGV_FREEV hub;

DF 1bl OGV_FREEV_ tip=DF 1lbl OGV_FREEV tip;

Deq OGV FREEV_ hub=Deqg__ OGV FREEV hub;

Deq OGV_FREEV tip=Deq OGV_FREEV tip;

Deq star 1bl OGV_FREEV hub=Deq star 1bl OGV_FREEV hub;

Deq star ks OGV_FREEV hub=Deq star ks OGV_FREEV hub;
Deg_star ks OGV_FREEV tip=Deq star ks OGV_FREEV tip;
HO OGV_FREEV hub=H0 OGV_FREEV hub;

HO OGV_FREEV tip=H0 OGV_FREEV tip;

H OGV_FREEV hub=H OGV_FREEV hub;

H OGV_FREEV tip=H OGV_FREEV tip;

MC OGV_FREEV_hub=MC OGV_FREEV hub;

MC OGV_FREEV tip=MC OGV_FREEV tip;

Mcrit Hearsey OGV_FREEV_ tip=Mcrit Hearsey OGV_FREEV tip;
PO _OGV_FREEV tip=P0 OGV_FREEV tip;

PO _OGV_FREEV hub=P0_ OGV_FREEV hub;

P OGV_FREEV hub=P OGV_FREEV hub;

P OGV_FREEV_ tip=P OGV_FREEV tip;

SONC_OGV_FREEV_hub=SONC OGV_FREEV_ hub;

SONC_OGV_FREEV_ tip=SONC_OGV_FREEV tip;

TO OGV_FREEV_tip=T0 OGV_FREEV tip;

TO0 _OGV_FREEV_ hub=T0 OGV_FREEV hub;

T OGV_FREEV_hub=T OGV_FREEV hub;

T OGV_FREEV tip=T OGV_FREEV tip;
SONC_OGV_FREEV_ hub=SONC_ OGV_FREEV hub;
SONC_OGV_FREEV_ tip=SONC OGV_FREEV tip;
a_OGV_FREEV_ hub=a OGV_FREEV hub;
a_OGV_FREEV tip=a OGV_FREEV tip;

blade angle in OGV_FREEV hub=blade angle in OGV_FREEV hub;
blade angle in OGV_FREEV tip=blade angle in OGV_FREEV tip;

blade angle out OGV_FREEV_ hub=blade angle out OGV_FREEV_ hub;

blade_angle_out_OGV_FREEV_t1p blade_angle_out_OGV_FREEV_tlp,
camber angle OGV_FREEV hub=camber angle OGV_FREEV hub;
camber angle OGV_FREEV tip=camber angle OGV_FREEV tip;

deviation angle OGV_FREEV hub=deviation angle OGV_FREEV hub;
deviation angle OGV_FREEV tip=deviation angle OGV_FREEV tip;

dH_OGV_FREEV_hub=dH_OGV_FREEV_ hub;
dH_OGV_FREEV tip=dH OGV_FREEV tip;

incidence angle OGV_FREEV hub=incidence angle OGV_FREEV hub;
incidence angle OGV_FREEV tip=incidence angle OGV_FREEV tip;

rho OGV_FREEV hub=rho OGV_FREEV hub;
rho OGV_FREEV_ tip=rho OGV_FREEV tip;
stagger angle OGV_ FREEV hub= stagger angle OGV_FREEV hub;
stagger angle OGV_FREEV tip=stagger angle OGV_FREEV tip;

.Alphal = Alphal(1i);
.Alpha?2 Alpha2 (i) ;
.Alpha3 Alpha3 (i) ;
.Betal = Betal (1i):;
.Beta?2 Beta2 (i) ;
.Cl = Cl(i);

Appendix
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.C2 = C2(1);
.C3 = C3(1i);
W1 o= W1(i);
W2 = W2(1);
.Cml = Cml (1
.Cm2 = Cm2 (i
.Cm3 = Cm3 (1
.Ul = Ul (1)
U2 = U2(1);
.C_thetal =
.C_theta2 =
.C_theta3 =
.W_thetal =
.W_thetaz =
MWL = MWL (i
.MC2 = MC2 (1

.Mcrit Hears
.Mcrit Sch r
.Mcrit Hears
.Mcrit Sch s

C_thetal(l);
C theta2 (i),
C_theta3(i);
W thetal (i)
W_theta2 (1)
)7

)

’

’

ey rtr = Mcrit Hearsey rtr (i
tr = Mcrit Sch rtr(i
ey str = Mcrit Hearsey str (i
tr = Mcrit Sch str(i

.Cpl = Cpl(i);
.Cp2 = Cp2(1);

.al = al(i);

a2 = a2(i);

.a3 = a3 (1)

.kappal = kappal (i) ;
.kappaz2 = kappa2(i);
.kappa3 = kappa3(i);

.Cp3 = Cp3(1);
.rhol = rhol (1)
.rho2 = rho2(1i):;
.rho3 = rho3(1);
.viscl = Viscl (i)
.visc2 = Visc2(i);
.visc3 = Visc3(i);
Pl = P1(i):;

.P2 = P2(1i);

.P3 = P3(1);

.P01 = PO1(1i);
.P02 = P02 (1);
.P03 = P03 (1);

LT1 = T1(i);

T2 = T2 (1)

LT3 = T3(1);

.T01 = TO1(1);
.T02 = TO02(1);
.T03 = TO03(1);

JH1 = H1(1i):;

LH2 = H2(1i);

.H3 = H3(1);

.HO1 = HO1(1i);

.HO02 = HO02(1);

.HO3 = HO3(1);

.81 = S1(1);

.82 = 82 (1);

.83 = S3(i);

.S01 = S1(1i);

.S02 = S2(1i);

.S03 = S3(1);
.EPSONC_rtr = EPSONC rtr(i
.EPSONC_str = EPSONC_Str(i

)7
)7
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);

Deq star 1bl rtr(i);
.Deq star 1bl str = Deq_star_lbl_str( i);
Deq_star ks rtr(i);

incidence angle rtr(

deviation angle rtr(i
.camber angle rtr = camber angle rtr(i);
.attack angle rtr = attack angle rtr(i);

tagger angle rtr(i);
) —-Beta2 (i) ;

blade angle in rtr(i);
i);

blade angle out rtr(

incidence angle str(i
deviation angle str(i
.camber angle str = camber angle str(i);
.attack angle str = attack angle str(i);

tagger angle str(i);
i)-Alpha3 (i),

STG(i).SONC_rtr = SONC rtr(l),
STG(i).SONC_Str = SONC Str(l),
STG (i) .HONT rtr = HONT rtr(i);
STG (1) .HONT str = HONT Str(l),
STG (i) .TONC rtr = TONC rtr(i);
STG (1) .TONC_str = TONC str(i);
STG(i) .AR rtr = AR rtr(i);

STG (i) .AR _str = AR str(i);
STG(i) .chord rtr = chord rtr(i);
STG (i) .chord str = chord str(i);
STG(i) .height rtr = height rtr(i);
STG (i) .height str = height str(i
STG(i) .DF rtr = DF 1lbl rtr(i);
STG(i) .DF_str = DF 1lbl str(i);
STG(1i) .Deq rtr = Deq rtr(i);

STG (i) .Deqg str = Deq str(i);
STG(1i) .Deq star 1bl rtr =

STG (1)

STG(1i) .Deq star ks rtr =

STG (i) .Deq star ks str = Deq star ks str(i);
STG(i) .dH rtr = dH _rtr(i);

STG (i) .dH_str = dH str(i);

STG(i) .dS_rtr = ds21 (i) ;
STG(i) .dS _str = dS32(1i);

STG (1) .areal = areal(i);

STG (1) .area?2 = area2(i);

STG (i) .areal3 = area3(i):;
STG(i) .Re rtr = Re_rtr(i);

STG (i) .Re _str = Re_str(i);
STG(i).r tip 1 = r_tip_l(i);
STG(i).r tip 2 = r tip 2(i);
STG(i).r tip 3 = r tip 3(i);
STG(i).r hub 1 = r hub 1(i);
STG(i).r hub 2 = r hub 2(i);
STG(i).r_hub_3 = r hub 3(1i);
STG(i).r rms 1 = r rms 1(1i);
STG(i).r rms 2 = r rms_2(1i);
STG(i).r rms 3 = r rms 3(1i);
STG(i).r hub rtr = r hub rtr(i
STG(i).r tip rtr = r_tlp_rtr(i
STG(i).r hub str = r hub str(i
STG(i).r tip str = r tip str(i
STG(i).r rms rtr = r rms rtr(i
STG(i).r rms str = r rms_str(i
STG (i) .incidence angle rtr =
STG (i) .deviation angle rtr =
STG (1)

STG (1)

STG (1) .stagger angle rtr = s
STG (i) .turning rtr = Betal (i
STG(i) .blade angle in rtr =
STG(i) .blade angle out rtr =
STG (i) .chord rtr = chord rtr(i);
STG (1) .incidence angle str =
STG (i) .deviation angle str =
STG (1)

STG (1)

STG (i) .stagger angle str = s
STG(1i) .turning str = Alpha2(

STG (i) .blade angle in str =

blade angle in str(i);

i);
)7

)
)7
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STG (1) .blade angle out str = blade angle out str(i);
STG(i) .tip _angle rtr = tip angle rtr(i);

STG (i) .tip angle str = tip angle str(i);
STG(1) .spacing rtr = spacing rtr(i);

STG (i) .numb blades rtr = numb _blades rtr(i);
STG (1) .spacing str = spacing str(i);

STG (i) .numb _blades str = numb _blades str(i);
STG(i) .PR = PR stg(i);

STG(i) .PR_acc = PR acc(i);

STG (i) .React = REACT stg(i);

STG(i) .PSI = PSI(1l,1i);

STG(i) .PHI = PHI stg(i);

STG (i) .dT0 = dTO0_stg(i);

STG (i) .dS = dS21(i)+dS32(1i);

STG (i) .OMEGA p rtr = OMEGA p rtr(i);

STG (i) .OMEGA ew rtr = OMEGA ew rtr(i);

STG (i) .OMEGA p str = OMEGA p str(i);

STG (i) .OMEGA ew str = OMEGA ew str(i);

STG (i) .poly eff = poly eff stg( i)

STG (1) .poly eff acc = poly eff acc(i);
STG(1) .isen eff = isen eff stg(i);

STG(i) .flow = flow (i) ;

STG(i).Ch = Ch(i);

STG(i) .Ch max = Ch max(i);

STG (i) .omega = omega (i) ;

%Blockage factor added by (c) Johannes Miller, February 2009
STG (i) .BLK = BLK stg(i);

if proj law == 'FoV' S%Forced Vortex Law values
STG (i) .Alphal FV hub=Alphal FV hub(i);

STG (i) .Alphal FV tip=Alphal FV tip(i);

STG (i) .Alpha2=Alpha2 (i) ;

STG (i) .Alpha2 FV hub=Alpha2 FV hub(i);

STG (i) .Alpha2 FV tip=Alpha2 FV tip(i);

STG (i) .Alpha3=Alpha3 (i) ;

STG (i) .Alpha3 FV hub=Alpha3 FV _hub (i) ;

STG (i) .Alpha3 FV tip=Alpha3 FV tip(i);

STG (i) .Betal FV hub=Betal FV hub(i);

STG (1) .Betal FV tip=Betal FV tip(i);

STG (i) .Beta2 FV_ hub= Beta2 _FV hub(i);

STG (i) .Beta2 FV_ tip=BetaZ FV tip(i);

STG (i) .Cl FV hub=Cl FV hub(i);
STG(i).Cl_FV_tlp Cl_FV_tlp(l),

STG (i) .C2_FV_hub=C2 FV hub(i);

STG (i) .C2 FV tip=C2 FV tip(i);

STG (1) .C3_FV_hub=C3 FV hub(i);

STG (i) .C3_FV tip=C3 FV tip(i);

STG (i) .C_thetal FV hub=C thetal FV hub(i);
STG (1) .C_ thetal _FV _tip=C_ thetal FV _tip(i);
STG (i) .C_theta2 FV hub=C theta2 FV hub (i)
STG (i) .C_theta2 FV tip=C theta2 _FV tip(i);
STG(1) .C_ theta3 _FV_hub=C _ " theta3 _FV _hub(i);
STG (i) .C_theta3 FV tip=C theta3 FV _tip(i);
STG(i).le FV hub=Cml FV hub( ) ;
STG(i).le_FV_tlp le_FV_tlp( i);
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STG (1) .Cm2 FV_hub=Cm2 FV hub(i);

STG (i) .Cm2 FV_tip= cm2 _FV tip(i);

STG (1) .Cm3_FV_hub=Cm3 FV hub(i);

STG (1) .Cm3__ FV _tip= cm3 _FV tip(i);

STG (1) .Cpl FV_hub=Cpl FV hub(i);

STG (i) .Cpl FV tip=Cpl FV tip(i);

STG (i) .Cp2 FV_hub=Cp2 FV hub(i);

STG (i) .Cp2 FV tip=Cp2 FV tip(i);

STG (1) .Cp3_FV_hub=Cp3 FV hub(i);

STG(l).Cp3_FV_t1p Cp3_FV _tip(i);

STG (1) .DF_1bl rtr FV hub=DF 1lbl rtr FV hub(i);

STG (i) .DF_ 1bl _rtr FV_tip=DF 1bl _rtr FV tip(i);

STG (i) .DF 1bl str FV hub=DF 1lbl str FV hub(i);
STG(l).DF_lbl_StI_FV_tlp DF_lbl_str_FV_tlp(l);

STG(1) .Deq rtr FV hub=Deq rtr FV hub(i);

STG(i) .Deq rtr FV tip=Deq rtr FV tip(i);

STG (1) .Deq_ star ks rtr FV hub= Deq star ks rtr FV hub(i);
STG (1) .Deq star_ ks rtr_ FV __tip=Deq star ks rtr FV _tip(i);
STG (1) .Deq_star_ ks str FV hub=Deq star ks str FV hub(i);
STG (i) .Deq star ks str FV tip=Deq star ks str FV tip(i);
STG (1) .Deq_star_ 1bl _rtr FV hub=Deq star 1bl _rtr FV hub(1i);
STG (i) .Deq star 1bl rtr FV tip=Deq star 1bl rtr FV tip(i);
STG (1) .Deqg star 1bl str FV hub=Deq star 1lbl str FV hub(i);
STG (1) .Deq star 1bl str FV tip=Deq star 1lbl str FV tip(i);
STG(l).Deq_str_FV_hub Deq_str_FV_hub( i);

STG(i) .Deq _str FV_ tip=Deq str FV tip(i);

STG(i) .HO1 FV_hub=HO01l FV hub(i);

STG (1) .HO1 FV tip=HO0l FV tip(i);

STG (i) .HO2 FV_hub= HO2 _FV _hub(i);

STG (i) .HO2 FV_ tip= HO2 _FV tip(i);

STG (i) .HO3 _FV_hub= H03 FV_hub (i) ;

STG (i) .HO3 FV_ tip= HO3 _FV tip(i);

STG (i) .H1 FV _hub=H1 FV _hub (i) ;

STG(i) .H1 FV tip= H1 FV _tip (i)

STG(l).H2_FV_hub H2_FV_hub(1),

STG (i) .H2 FV tip=H2 FV tip(i);

STG (i) .H3_FV_hub=H3 FV hub(i);

STG (i) .H3 FV tip=H3 FV tip(i);

STG(l).MCZ FV_hub=MC2 FV hub (i) ;

STG (i) .MC2 FV_tip=MC2 FV tip(i);

STG (i) .MW1l FV _hub=MWl FV hub(i);

STG (1) .MW1_FV_tip=MWl FV tip(i);

STG(1) .Mcrit Hearsey rtr FV hub=Mcrit Hearsey rtr FV hub(i);
STG (i) .Mcrit Hearsey rtr FV tip=Mcrit Hearsey rtr FV tip(i);
STG (1) .Mcrit Hearsey str FV hub=Mcrit Hearsey str FV hub(i);
STG (i) .Mcrit Hearsey str FV tip=Mcrit Hearsey str FV tip(i);
STG(i) .PO1 _FV hub=P01 _FV hub(')

STG(l).POl FV _tip= PO1 _FV tip(i);

STG (i) .P02_FV_hub=P02 FV hub(i);

STG (i) .P02_FV tip=P02 FV tip(i);

STG (i) .PO3_FV_hub= P03 _FV _hub(i);

STG (i) .PO3_FV tip=P03 FV tip(i);

STG (i) .P1_FV hub=Pl FV _hub (i) ;

STG (1) .P1_FV tlp P1 FV tlp(l),

STG (i) .P2 _FV hub=P2 FV hub(i);

STG(l).PZ_FV_tlp P2_FV_t1p(1),

STG (i) .P3_FV _hub=P3 FV hub(i);

STG(i) .P3_FV tip=P3 FV tip(i);

STG (i) .SONC rtr FV hub=SONC rtr FV _hub(i);
STG(l).SONC_rtr_FV_tlp SONC_rtr_FV_tlp( i)

STG (i) .SONC_str FV hub=SONC str FV hub (i) ;
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STG (i) .SONC_str FV_tip=SONC str FV tip(i);
STG (i) .TO01 _FV_hub=T01 FV hub(i);
STG(1i) .TO01 FV tip=T01 FV tip(i);
STG (i) .T02 FV_hub= TO2 _FV hub(i);
STG(i) .T02 FV_tip=T02 FV tip(i);
STG (i) .TO3_FV hub= TO3 FV_hub (1) ;
STG(i) .TO3_FV_tip=T03 FV tip(i);
STG (i) .T1 _FV_ hub=T1 FV hub( )
STG(i) .T1 FV tip=T1 FV tip(i);
STG (i) .T2_FV_hub=T2 FV hub(i);
STG(i) .T2 FV _tip=T2 FV tip(i);
STG (1) .T3_FV_hub= T3 FV_hub (i) ;
STG(i) .T3_FV tip= T3 FV tip(i);
STG (i) .TONC rtr hub TONC_rtr hub(i);
STG (1) .TONC rtr tip=TONC rtr_tlp( i)
STG (i) .Ul _FV _hub=Ul FV hub(i);
STG (i) .Ul FV tip=Ul FV tip(i);
STG (i) .U2_FV _hub=U2 FV hub(i);
STG(i) .U2 _FV tip=U2 FV tip(i);
STG (i) .Wl FV hub=Wl FV hub (i) ;
STG (i) .Wl FV tip=Wl FV tip(i);
STG (1) .W_ thetal _FV_hub=W thetal FV hub(i);
STG (i) .W_thetal FV tip=W thetal FV tip(i);
STG (i) .W2_FV_hub=W2_FV_hub (i) ;
STG (i) .W2_FV tip=W2 FV tip(i);
STG (1) .W_theta2 FV_hub=W theta2 FV hub(i);
STG (i) .W_theta2 FV tip=W theta2 FV tip(i);
STG (i) .al FV_hub=al FV hub(i);
STG(i).al FV tip=al FV tip(i);
STG (i) .a2 FV _hub=a2 FV hub(i);
STG(i) .a2 FV tip=a2 FV tip(i);
STG(1i) .a3 _FV tip=a3 FV tip(i);
STG (i) .a3 _FV_hub=a3 FV hub(i);
STG(l).blade ~angle in rtr FV hub=blade angle in rtr FV hub(i);
STG (i) .blade angle in rtr FV tip=blade angle in rtr FV tip(i);
STG (i) .blade angle in str FV hub=blade angle in str FV hub(i);
STG (i) .blade angle in str FV tip=blade angle in str FV tip(i);
STG (1) .blade angle out rtr FV_hub=blade angle out rtr FV_hub (i) ;
STG(1i) .blade angle out rtr FV tip=blade angle out rtr FV tip(i);
STG (i) .blade angle out str FV hub=blade angle out str FV hub(i);
STG(i) .blade angle out str FV tip=blade angle out str FV tip(i);
STG(l).camber_angle_rtr_FV_hub camber_angle_rtr_FV_hub( i);
STG (1) .camber angle rtr FV tip=camber angle rtr FV tip(i);
STG (1) .camber angle str FV hub=camber angle str FV hub(i);
STG (1) .camber angle str FV tip=camber angle str FV tip(i);
STG (i) .deviation angle rtr FV hub=deviation angle rtr FV hub(i);
STG (i) .deviation angle rtr FV tip=deviation angle rtr FV tip(i);
STG(1i) .deviation angle str FV hub=deviation angle str FV hub(i);
STG(l).dev1atlon_angle_str_FV_tlp dev1atlon_angle_str_FV_tlp(1);
STG (i) .dH _rtr FV hub=dH rtr FV hub(i);
STG(i) .dH rtr FV tip=dH rtr FV tip(i);
STG (i) .dH str FV hub=dH str FV hub(i);
STG(i) .dH str FV tip=dH str FV tip(i);
STG (1) .incidence_angle rtr FV hub=incidence angle rtr FV hub(i);
STG (1) .incidence angle rtr FV tip=incidence angle rtr FV tip(i);
STG (i) .incidence_angle str FV hub=incidence angle str FV hub(i);
STG (i) .incidence angle str FV tip=incidence angle str FV tip(i);
STG (i) .rhol FV _hub=rhol FV hub(i);
STG(l).rhol_FV_tlp rhol_FV_tlp ;
STG (1)
(1)

(1) ;
.rho2 FV_hub=rho2 FV hub(i);
.rho2 FV_tip=rho2 FV tip (i)

’
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STG (1) .rho3 FV _hub=rho3 FV hub(i);

STG (i) .rho3 FV tip=rho3 FV tip(i);

STG (1) .stagger angle rtr FV hub=stagger angle rtr FV hub(i);
STG (i) .stagger angle rtr FV tip=stagger angle rtr FV tip(i);
STG (1) .stagger angle str FV hub=stagger angle str FV hub(i);
STG (i) .stagger angle str FV tip=stagger angle str FV tip(i);
STG (i) .turning rtr FV_hub = Betal FV hub(i)-Beta2 FV hub(i);
STG (i) .turning rtr FV tip = Betal FV tip(i)-Beta2 FV tip(i);
STG (i) .turning str FV _hub = Alpha2 FV hub (i) Alpha3 FV_hub (i) ;
STG (1) .turning str FV tip = Alpha2 FV tip(i)-Alpha3 FV tip(i);
elseif proj law == 'MFV' % General Whirl Distribution Values
STG (1) .Alphal FREEV_ hub=Alphal FREEV hub (1) ;

STG (i) .Alphal FREEV_ tip=Alphal FREEV tip(i);

STG (i) .Alpha2=Alpha2 (i) ;

STG (i) .Alpha2 FREEV_ hub=Alpha2 FREEV hub (i) ;

STG (i) .Alpha2 FREEV tip=Alpha2 FREEV tip(i);

STG (i) .Alpha3=Alpha3(i);

STG (i) .Alpha3 FREEV hub=Alpha3 FREEV hub (i) ;

STG (i) .Alpha3 FREEV tip=Alpha3 FREEV tip(i);

STG(i).Betal FREEV _ hub=Betal _FREEV hub( )

STG (1) .Betal FREEV tip=Betal FREEV tip(i);

STG(i).BetaZ FREEV _ hub= BetaZ _FREEV hub(l),

STG (i) .Beta2 FREEV tip=Beta2 FREEV_tlp(l),

STG(i).Cl FREEV _ hub=C1 _FREEV hub( )

STG (i) .C1 FREEV tip=Cl FREEV tip(i);

STG(i).CZ FREEV _ hub=C2 _FREEV hub(l),

STG(i).CZ FREEV tlp C2 _FREEV tlp(l),

STG(i).C3 FREEV hub=C3 FREEV hub(l),

STG(i).C3 FREEV tip=C3 FREEV tip(i);

STG (i) .C_thetal FREEV hub=C thetal FREEV hub (i) ;

STG (i) .C_thetal FREEV tip=C thetal FREEV tip(i);

STG (i) .C_theta2 FREEV hub=C theta2 FREEV hub (i) ;

STG (i) .C_theta2 FREEV tip=C " theta? _FREEV tip(i);

STG(i).C theta3 _FREEV hub= C_ theta3 FREEV hub(l);

STG (1) .C_theta3 FREEV tip=C theta3_FREEV tip(i);

STG (i) .Cml_FREEV hub=Cml FREEV hub (i) ;

STG (i) .Cml FREEV tip=Cml FREEV tip(i);

STG (i) .Cm2 FREEV hub=Cm2 FREEV hub (1) ;

STG(i).CmZ FREEV tlp Cm2 FREEV tlp(l),

STG (i) .Cm3_ FREEV hub= Cm3 FREEV _hub (1) ;

STG (i) .Cm3 FREEV tip=Cm3 FREEV tip(i);
STG(i).Cpl_FREEV_hub=Cpl_FREEV_hub(1),

STG(i) .Cpl FREEV tip=Cpl FREEV tip(i);
STG(i).Cp2_FREEV_hub=Cp2_FREEV_hub(1),

STG (i) .Cp2 FREEV tip=Cp2 FREEV tip(i);

STG (i) .Cp3_FREEV_ hub=Cp3 FREEV hub (i) ;

STG (i) .Cp3 FREEV tip=Cp3 FREEV tip(i);

STG(i) .DF _1bl rtr FREEV hub=DF 1bl rtr FREEV hub (i)

STG (i) .DF_1bl rtr FREEV tip=DF 1lbl rtr FREEV tip(i);

STG(i) .DF_1bl str FREEV hub=DF 1lbl str FREEV hub(i);

STG (i) .DF_1bl str FREEV tip=DF 1bl str FREEV tip(i);

STG (i) .Deqg rtr FREEV hub=Deq rtr FREEV hub (i) ;

STG (1) .Deq rtr FREEV tip=Deq rtr FREEV tip(i);

STG (1) .Deq star ks rtr FREEV hub= Deq star ks rtr FREEV hub (i);
STG (i) .Deq star ks rtr FREEV tip=Deq star ks rtr FREEV tip(i);
STG (1) .Deq_ star ks str FREEV_hub=Deq star ks str FREEV_ hub (1) ;
STG (i) .Deq star ks str FREEV tip=Deq star ks str FREEV tip(i);
STG (1) .Deq star lbl _rtr FREEV hub=Deq star lbl _rtr FREEV hub(i);
STG(1i) .Deq star lbl rtr FREEV tip=Deqg star lbl rtr FREEV tip(i);
STG (1) .Deq star 1bl str FREEV hub=Deq star 1lbl str FREEV hub(i);
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STG (1) .Deq star 1bl str FREEV tip=Deq star 1lbl str FREEV tip(i);
STG (1) .Deqg str FREEV hub=Deq str FREEV hub (i) ;
STG (1) .Deq str FREEV tip=Deq str FREEV tip(i);
STG(l).HOl FREEV hub=H01 _FREEV hub( )
STG(l).HOl FREEV tlp HO1 _FREEV tlp( i)
STG(l).HOZ FREEV _ hub= HOZ _FREEV hub(l),
STG(l).HOZ FREEV tlp HO2 _FREEV tlp(l),
STG(l).HO3 FREEV _ hub= HO3 FREEV hub(l),
STG(l).HO3 FREEV tlp HO3 _FREEV tlp(l),
STG(l).Hl FREEV hub=H1 FREEV hub(l),
STG(l).Hl FREEV tlp H1 _FREEV tlp(l),
STG(l).HZ FREEV hub=H2 FREEV hub(l),
STG(i) .H2 FREEV tip=H2 FREEV tip(i);
STG(l).H3 FREEV hub= H3 FREEV hub(l),
STG(l).H3 FREEV tlp H3 FREEV tlp(l),
STG(l).MCZ FREEV _ hub= MC2 _FREEV hub(l),
STG(l).MCZ FREEV tlp =MC2 _FREEV tlp(l),
STG(l).MWl FREEV _ hub= MWl _FREEV hub(l),
STG (i) .MW1_FREEV_tip=MWl FREEV tip (i) ;
STG (i) .Mcrit Hearsey rtr FREEV hub=Mcrit Hearsey rtr FREEV hub (i) ;
STG (i) .Mcrit Hearsey rtr FREEV tip=Mcrit Hearsey rtr FREEV tip(i);
STG(1) .Mcrit Hearsey str FREEV hub=Mcrit Hearsey str FREEV hub (i) ;
STG(1i) .Mcrit Hearsey str FREEV tip=Mcrit Hearsey str FREEV tip(i);
STG(l).POl FREEV hub=P01 _FREEV hub(')'
STG(l).POl FREEV tlp POl _FREEV tlp(l),
STG(l).POZ FREEV hub=P02 _FREEV hub(l),
STG (i) .P02 FREEV tip=P02 FREEV tip(i);
STG(l).PO3 FREEV hub= PO3 FREEV hub(l),
STG(l).PO3 FREEV tlp PO3 FREEV tlp(l),
STG(l).Pl FREEV _ hub=P1 FREEV hub( )
STG(i).Pl FREEV tlp Pl _FREEV tlp(l),
STG(l).PZ FREEV _ hub=P2 FREEV hub(l),
STG (i) .P2_FREEV_tip=P2 FREEV tip(i);
STG(l).P37FREEV7hub=P37FREEV7hub(l),
STG(i) .P3 _FREEV tip=P3 FREEV tip(i);
STG (i) .REACT1 FREEV_hub=REACT1 FREEV hub (i) ;
STG(i) .REACT1 FREEV tip= REACT1 FREEV tip(i);
STG (1) .SONC rtr FREEV hub=SONC rtr FREEV hub (i) ;
STG(i) .SONC_rtr FREEV tip=SONC rtr FREEV tip(i);
STG (1) .SONC_str FREEV hub=SONC_str FREEV hub(i);
STG (i) .SONC str FREEV tip=SONC striFREEV tip (1)
STG(l).TOl FREEV hub=T01 _FREEV hub(l)
STG(l).TOl FREEV tlp TOl _FREEV tlp(l),
STG(l).TOZ FREEV _ hub= TOZ _FREEV hub(l),
STG(l).TOZ FREEV tlp T02 _FREEV tlp(l),
STG(l).TO3 FREEV _ hub= TO3 _FREEV hub(l),
STG (i) .T03 FREEV tip=T03 FREEV tip(i);
STG(l).Tl FREEV _ hub=T1 FREEV hub( )
STG (i) .T1 FREEV tip=T1 FREEV tip(i);
STG (i) .T2 FREEV hub=T2 FREEV hub(i);
STG(i) .T2 FREEV tip=T2 FREEV tip(i);
STG(l).T3_FREEV_hub=T3_FREEV_hub(l),
STG(i) .T3 FREEV tip=T3 FREEV tip(i);
STG (1) .TONC_rtr hub=TONC_rtr hub(i);
STG (i) .TONC rtr tip=TONC rtr tip(i);
STG(i) .Ul _FREEV hub=Ul FREEV hub (i) ;
STG (i) .Ul _FREEV tip=Ul FREEV tip(i);
STG (i) .U2_ FREEV hub=U2 FREEV hub (i) ;
STG (i) .U2 FREEV tip=U2 FREEV tip(i);
STG (i) .Wl FREEV hub=Wl FREEV hub (i) ;

(1) (1) ;

.W1_FREEV tip=Wl FREEV tip
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STG (i) .W_thetal FREEV hub=W thetal FREEV hub (i) ;

STG (1) . W _thetal FREEV tip—W thetal FREEV_tip(i);

STG(i).WZ FREEV hub=W2 _FREEV hub( )

STG(i).WZ FREEV tlp W2 _FREEV tlp( i),

STG (1) .W_ theta?2 _FREEV hub= W_theta2 FREEV hub(i);

STG (1) .W_ theta2 FREEV _tip= =W theta27FREEV tip (i)

STG (i) .al FREEV hub=al FREEV hub (i) ;

STG (i) .al FREEV tip=al FREEV tip(i);

STG(i) .a2 FREEV hub=a2 FREEV hub (i) ;

STG (i) .a2 FREEV tip=a2 FREEV tip(i);

STG(i).a3 FREEV tip—a3 FREEV tip(l),

STG(i).a3 FREEV _ hub= a3 FREEV hub( ) ;

STG(i).blade angle in rtr FREEV hub=blade angle in rtr FREEV hub(i);
STG (i) .blade angle in rtr FREEV tip=blade angle in rtr FREEV tip(i);
STG (i) .blade angle in str FREEV hub=blade angle in str FREEV_ hub (1) ;
STG (i) .blade angle in str FREEV _tip=blade angle in str FREEV tip(i);
STG (1) .blade angle out rtr FREEV hub=blade _angle out rtr FREEV _hub (1) ;
STG(i).blade_angle_out_rtr_FREEV_tlp blade_angle_out_rtr_FREEV_tlp(1);
STG (i) .blade angle out str FREEV hub=blade angle out str FREEV hub(i);
STG (i) .blade angle out str FREEV _tip=blade angle out str FREEVﬁtlp(l);
STG (i) .camber angle rtr FREEV hub=camber angle rtr FREEV hub (i);

STG (i) .camber angle rtr FREEV tip=camber angle rtr FREEV tip(i);

STG (1) .camber angle str FREEV hub=camber angle str FREEV hub(i);
STG(i).camber_angle_str_FREEV_tlp camber_angle_str_FREEV_tlp( i);

STG (i) .deviation angle rtr FREEV hub=deviation angle rtr FREEV hub(i);
STG (i) .deviation angle rtr FREEV tip=deviation angle rtr FREEV tip(i);
STG(i) .deviation angle str FREEV hub=deviation angle str FREEV hub(i);
STG (i) .deviation angle str FREEV tip=deviation angle str FREEV tip(i);
STG(i).dH rtr FREEV hub= dH rtr FREEV hub( )

STG (i) .dH rtr FREEV tip=dH rtr FREEV tip(i);

STG(i).dH str FREEV hub=dH str FREEV hub(i);

STG(i) .dH str FREEV tip=dH str FREEV tip(i);

STG (1) .incidence_angle rtr FREEV hub=incidence angle rtr FREEV hub(i);
STG(1i) .incidence angle rtr FREEV tip=incidence angle rtr FREEV tip(i);
STG (i) .incidence_angle str FREEV hub=incidence angle str FREEV hub (i) ;
STG (i) .incidence angle str FREEV tip=incidence angle str FREEV tip(i);
STG (i) .rhol FREEV hub=rhol FREEV hub (1) ;

STG (1) .rhol FREEV tip=rhol FREEV tip(i);

STG (i) .rho2 FREEV hub=rho2 FREEV hub (1) ;

STG (i) .rho2 FREEV_ tip=rho2 FREEV tip(i);

STG (i) .rho3 FREEV hub=rho3 FREEV hub (i) ;

STG (i) .rho3 FREEV_ tip=rho3 FREEV tip(i);

STG (1) .stagger angle rtr FREEV hub=stagger angle rtr FREEV hub (i) ;

STG (i) .stagger angle rtr FREEV tip=stagger angle rtr FREEV tip(i);

STG (1) .stagger angle str FREEV hub=stagger angle str FREEV hub (i) ;

STG (i) .stagger angle str FREEV tip=stagger angle_str FREEV tip (1)
STG(i).turnlng_rtr_FREEV_hub = Betal FREEV hub(i)-Beta2 FREEV hub (i) ;
STG (i) .turning rtr FREEV tip = Betal FREEV tip(i)-Beta2 FREEV tip(i);
STG (i) .turning str FREEV _hub = Alpha2 FREEV hub (i)-Alpha3 FREEV hub (i) ;
STG (i) .turning str FREEV tip = Alpha2 FREEV tip(i)-Alpha3 FREEV tip(i);
end

end
clc
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C, Results

LUAX-C
Version 2.0
Niclas Falck & Magnus Genrup & Daniele Perrotti

Name: Comp

05-Apr-2013 11:15:16

Type:

Pressure ratio:
Number of stages:
Inlet massflow:
Rotational speed:
Ambient pressure:
Ambient temperature:

Constant Exit Hub to Tip Ratio
20

16

122 kg/s

6600 rpm

1 bar

15 C

== Compressor Performance =—===

* FORCED VORTEX LAW *

Polytropic efficiency:
Isentropic efficiency:
Temperature rise:
Inlet Mach @ tip:
masstlow @ 3000:
specific massTlow:
Compressor cost:
Compressor power:

Stage
Ch 0. 400 0.
Ch_max 0.433 0.
Ch,/Ch_max 0.925 0.

== Koch Surgelimit
1 2

92.69 %

90.91 %

422.5 K

1.08

530.5 kag/s
231.4 kg/{= mA2)
703000 €

53.31 MW

3 4 5 [ 7
427 0.425 0.422 0.421 0.425 0. 430
437 0.438 0.438 0.440 0.444 0.4438
977 0.970 0.963 0.957 0.959 0.959

STAGE =====
PR REACT Flow
1.444 0.550 1z2
point  ------ radius--
hub mid

0.274 0.421
0.301 0.421
0.312 0.421

Wi

PSI PHL dT0 ds ------ Efficiencies

Poly
0.411 0. 646 34.556 8.545 0.925

mid tip hub

0.528 189.7 290.7 364.7 189.0
0.513 208.0 290.7 354.6 212.9
0.507 N/A N/A N/A 190.5
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hub mid tip hub m tip hub mid tip hub mid tip

251.4 305.5 351.4 33.0 50.6 63.5 15.00 15.00 15.00 38.55 51.79 59.00
219.3 222.2 240.7 155.4 170.2 180.6 36.12 42.35 47.36 13.87 32.82 46.28
N/A N/A N/A 36.7 75.2 59.5 10. 90 22.17 18.45 N/A NSA N/A

Pressure-
hub mid tip hub mid tip hub mid tip
1.01 0. 80 0. 80 0. 80 14.9 14.9 14.9 -4.2 -4.2 -4.2
1.56 0. 90 1.03 1.12 41.5 49.4 54.8 6.9 17.7 24.8
1.55 1.08 1.17 1.28 41.5 49.4 54.8 22.8 29.7 37.2

point

Wik

rotar

1.7 . . . . 37.4

Entropy  ----------- Cp--—---——--—- ----Kappa---- = ---——--- rho------- - —————————— a----——--——--——=
b mid tip mid hub mid tip hub mid tip
53.27 1004.5 1004.5 1004.5 1.400 1.032 1.032 1.032 328.932 328.932 328.932
59.31 1004.9 1005.3 1005.7 1.400 1.118 1.229 1.305 335.641 341.983 346.120
61. 81 1005.6 1005.9 1006.3 1.400 1.272 1.348 1.433 344, 960 348.923 353.186
---deHaller--- --——--—- DF----——--—=  ———————- Deg-------- Loss Coefficients

Endwall Profile

hub mid tip hub mid tip hub mid tip i id tip
0.873 0.727 0.685 0.194 0.435 0.545 1.262 1.632 1.752 1.446 1.840 2.048 1.446 1.840 2.048 0. 010 0.025

stator 0.736 0.789 0.766 0. 409 0.383 0.509 1.586 1.519 1.719 1.743 1.684 1.873 1.743 1.684 1.873 0. 007 0.021

rotar

stator

rotor

stator

H/C  ——m— - S/C-——=-===  —————- T/C--——=-——- H/T

hub mid tip hub mid p hub mid tip hub mid tip

0.764 0.929 1.068 0. 869 0.894 0.924 2.500 0.555 0.829 1. 004 0. 090 0. 060 0.030 0.553
0.785 0.739 0. 710 0. 835 0.833 0.887 3.500 0.663 0.913 1.103 0. 060 0. 060 0. 060 0.601
Nr.blades

“0
hub mid tip hub mid tip hub mid tip
35.00 36.41 52.72 59.88 B.56 25.29 39.77 2.14 -0.92 -0. 88
50.00 36.11 45.56 57.39 4.56 13.53 0.37 0.01 -3.21 -10.04
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===== STAGE 2 =====
PR REACT Flow PSI PHI dTo ds ----— Efficiencies------  --————-—- surge (Koch)------
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.376 0.550 122 0.401 0.637 33.043 6.610 0.933 0.930 0.929 0.427 0.437 0.977
point  ------ radius------- -velocities-
=Cm =
hub mid tip hub mid tip hub mid tip hub mid tip
1 0.307 0.417 0.503 21z.0 288.1 347.9 198.1 1584.6 170.0 201.8 199.3 179.2
2 0.318 0.417 0. 496 219.9 288.1 343.0 217.2 152.4 150.6 277.3 264.0 253.7
3 0.329 0.417 0.4389 N/A N/A N/A 191.3 1580.3 168.6 1359.9 195.7 139.4
point ---Angles
‘Alpha* = = =B
tip hub mid tip
1 252.6 281.8 308.2 55.3 75.2 90. 8 10. 90 22.17 18.45 38.33 49,07 56.53
2 222.4 206.7 204.8 172.4 190.9 204.1 38.44 46.29 53.58 12.34 28.06 42.67
3 N/A N/A N/A 57.9 75.9 86.2 16. 85 22.84 27.09 N/A N/A N/A
point
1 . . .
2 . . .
3 1.89 2.01 2.17 1.54 1.66 1.82 76.2 52.4 90.0 56.4 63.5 72.2
point
hub tip
1 41.7 49,7 55.1 29.3 29.8 33.6
2 76.7 83.0 90. 6 38.2 48.2 58.4
3 76.7 83.0 90.6 56.7 63.9 72.7
point Entropy  -----—---—-i Cp---——--——-—- ----Kappa---- = ---—---—- rho------——-  —m————— a---——-———————=
ub mid tip mid hub mid tip hub mid tip
1 61,81 1005.9 1005.9 1006.1 1.400 1.342 1.348 1.390 345.643 348.923 351.086
2 66. 00 1006. 4 1007.0 1007.7 1.399 1.422 1.537 1.663 353.667 359,185 364,806
3 63.42 1007.6 1008.1 1005.8 1.398 1.627 1.717 1.831 363.858 367.727 372.422
---deHaller--- -------- DF--=--=--- - Loss Coefficients
*  Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid p hub mid P
rotor 0.880 0.734 0.665 0. 242 0. 430 0.519 1.335 1.620 1.710 1.4395 1.510 1.988 1.495 1.810 1.988 0.011 0.023
stator 0.721 0.741 0.747 0. 395 0.423 0.462 1.572 1.605 1.662 1.755 1.780 1.831 1.755 1.780 1.831 0. 007 0.021
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hub mid tip hub mid tip
rotor 0.725 0.808 0.878 0. 868 0,394 0.924
stator 0.784 0.735 0.695 0. 396 0.394 0.890

B1

Nr.blades -

hub

hub
rotor 43.00 37.24 51.21 59.66 6.33
stator 69,00 37.04 48. 85 6l.46 12.17

H/C —mmm———- 5/C-————=—= o T/C

hub mid tip hub mi

2.400 0.585 0.795 0.936 0. 090 0.

3.330 0.580 0.755 0.883 0. 060 0.

ade angles- --

outlet== = incidence i
mid tip hub mid tip
20.01 35.36 1.09 -2.14 -3.13
14.59 13.52 1.39 -2.56 -7.87

d tip
060 0.030
060 0. 060

H/T

0.625
0.6857

2 sxdeyiation®® iz = = “=tyrning®
hub mid tip hub 1] hub d tip hub mid tip
rotor 6.02 B3.05 7.31 30.91 31.20 24.30 22.88 33.47 44,38 25.99 1.0 13.86
stator 4.68 8.25 13.57 24,87 34.26 47.94 26.00 29.16 29.61 21.59 23.45 26.50
===== STAGE 3 =====
PR REACT Flow PsSI PHI dTo ds --——— Efficiencies—-—--—- = ——-————- Surge (Koch)------
Poly Isen acc. Poly Ch Ch_max  Ch/Ch_max
1.322 0.550 122 0.391 0.628 31.550 5.832 0.932 0.929 0,930 0.425 0.438 0,970
point -----—- radius------- ‘elocities
* u Cm
hub mid tip hub mid tip hub mid tip hub mid tip

1 0.324 0.413 0.4386 223.9 285.5 336.0 192.2 180.3 167.6 200.9 195.7 138.2

2 0.331 0.413 0.451 229.0 285.5 332.6 207.8 178.2 150.4 269.7 258.8 249.6

3 0.339 0.413 0.476 N/A N/A N/A 186.1 176.2 165.6 1585.8 152.1 186.4
point

1 . . .

2 215.5 203.3 201.0 171.9 187.7 199.2 39.60 46.48 52.94 15.34 2B.76 41.57

3 N/A N/A N/A 60.8 76.6 85.5 18.09 23.52 27.30 N/A N/A N/A
point

hub mid tip hub mid tip

1 1.89 2.0l 2.17 1.64 1.66 1.68

2 2.54 Z.68 2.79 1.79 1.96 2.09

3 2.52 2.66 2.77 z.11 2.24 2.37
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point
hub mid tip
1 62.8 63.9 65.3
2 . 72.7 51.4 858.4
3 109.1 114.9 119.5 89.9 96,5  102.2
point Entropy  --------—---i Cp---——-——-=—- ----Kappa---- ~  -------- rho--------  ———mm——— A--——-———-——-——
ub mid tip mid hub mid tip hub mid tip
1 68.42 1008. 0 1008.1 1008. 2 1.398 1.704 1.717 1.735 367.173 367.727 368.493
2 72.09 1008.8 1009.5 1010.1 1.398 1.808 1.924 2.020 372.452 377.004 380.618
3 74.26 1010.3 1010.9 1011.5 1.397 2.026 2,118 2.201 381.417 384.745 387.639
---deHaller--- -———-——-- DF----—---—=  ——-————— Deg------——- - Loss Coefficients
Endwall Profile
hub mid tip hub mid tip hub mid tip tip
rotor 0.852 0.735 0.674 0.279 0.428 0.506 1.394 1.616 1.681 1.952 1.550 1.803 1.952 0.011 0.023
stator 0.726 0.742 0.747 0.399 0.422 0.458 1.576 1.603 1.655 1.524 1.750 1.776 1.524 0. 007 0.021
H/C H/T
hub hub mid tip hub mid tip
rotor 0.68% 0.732 0.809 0. 867 0,894 0.924 2,300 0.632 0.809 0.933 0. 090 0. 060 0.030 0.677
stator 0.724 0.687 0.656 0. 396 0,594 0.891 3.170 0.619 0.767 0. 385 0. 060 0. 060 0. 060 0. 700
Nr.blades -
hub tip hub
rotor 48.00 40. 66 . 33.78 -0.13
stator 75.00 39.45 12.79 15.07 14.11 0.15
srstidayiatignEEEEss stagger* “=turning*
hub mid tip P hub mid p hub mid tip
rotor 6.71 8.30 7.78 32.03 31.77 26.13 24,51 33.40 4z.74 25.19 20.53 14,24
stator 5.30 5.45 13.19 26. 66 34.66 46.74 26. 27 29.15 29.57 21.51 22.96 25.64
=————— STAGE 4 =———=
PR REACT Flow PSI PHI dTo ds  --—-—= Efficiencies------  ——--—-—- surge (Koch)------
Poly Isen acc. Poly Ch Ch_max  Ch/Ch_max
1.279 0.550 122 0.3581 0.619 30.082 5.220 0.931 0.929 0.930 0.422 0.438 0.963
point  -----—- radius------- iti
Cm
hub mid tip hub mid tip hub mid tip hub mid tip
1 0.334 0.409 0.473 230.9 282.9 326.7 187.0 176.2 164. 6 196.7 19z.1 185.3
2 0.339 0.409 0.469 234.2 282.9 324.3 200.2 174.1 149.1 263.1 253.7 245.3
3 0.344 0.409 0.465 N/A N/A N/A 131.4 172.1 162.3 192.0 188.7 183.3
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point
hub mid tip hub m tip

1 251.6 271.2 289.6 62.5 76.6 88.5

2 210.1 200.0 137.6 170.6 154.5 194.7

3 N/A N/A N/& 63.0 77.3 85.1
point -—= -Temperatures

Total* = = =
mid tip hub mid tip

1 108.3 114.0 118.6 94.9 95.8 97.0

2 3.29 3.43 3.54 2.42 2.59 2.74 139.3 144.1 148.0 105.1 112.4 118.4

3 3.27 3.40 3.52 2.78 2.92 3.05 139.3 144.1 148.0 121.1 126.6 131.5

g : =Static*
hub mid tip hub mid tip

1 109.1 114.9 119.5 95.6 96.5 97.7

2 140.5 145.4 149.5 105.9 113.2 119.4

3 140.5 145.4 1459.5 122.1 127.6 132.7
point Entropy — -----------i Cp---=--===-=-- ----Kappa---- = -------- rho-------- —mmmmmmm—m - A-----——-=—----

ub mid tip mid hub mid tip hub mid tip

1 74.26 1010. 8 1010.9 1011.0 1.397 2.105 2,118 2.136 384,292 384,745 385.399

2 77.51 1011.9 1012.7 1013.4 1.396 2.231 2.340 2.434 389.523 393.169 396.185

3 79.48 1013.7 1014.3 1015.0 1.395 2.459 Z.546 2.627 397.520 400. 212 402.635

---deHaller---  -——--———- DF----—-=-—=  ———————— Deg-------- - Loss Coefficients

Endwall Profile

hub mid tip hub hub mid tip hub mid t

mid tip ip hub mid tip
rotor 0.835 0.737 0.682 0.301 0.426 0.4395 1.431 1.613 1.658 1.585 1.798 1.923 1.585 1.798 1.923 0.012 0.022
stator 0.730 0.744 0.747 0.401 0.421 0.453 1.576 1.600 1.648 1.747 1.772 1.518 1.747 1.772 1.518 0.007 0.021

H/C - SfC-——-—-—- - T/C--——--—- H/T
hub hub mid tip hub mid tip
rotor 0.655 0.705 0.751 0. 867 0.894 0.924 2.200 0. 665 0.823 0.931 0. 090 0. 060 0.030 0.714
stator 0.675 0.645 0.619 0. 896 0.894 0.3891 3. 000 0. 649 0.779 0. 887 0. 060 0. 060 0. 060 0.731
Nr.blades - EBElade angles

* .-f;out'le *k * *

hub mid tip hub mid tip hub mid tip
rotor 52.00 43,05 53.14 60,20 10.45 20.94 3z2.92 -1.06 -3.64 -4, 85
stator 79.00 41. 25 50.53 60.63 13.39 15.57 14.73 -0.82 -3.86 -8.07

-— -Blade angles

tip hub

hub mid tip
rotor 7.17 8.52 3.07 32.60 3z.21 27.28 25.69 33.40 41.71 24,37 20.04 14.36
stator 5.76 8. 64 12.594 27.86 34.96 45.859 26.50 29.18 29.61 21.28 22.46 24.88
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PR REACT Flow PS5I PHI dTo ds = -—--— Efficiencies----- -  -———--——- Surge (Koch)------
Poly Isen acc. Poly Ch Ch_max Ch,/Ch_max
1.245 0.550 122 0.371 0.610 28.643 4,722 0.930 0.928 0,930 0.421 0. 440 0.957
point -----—- radius------- iti
=Cm
hub mid tip hub tip mid hub d
1 0.340 0. 406 0. 462 234.9 319.3 172.1 192.8 138.7 132.3
2 0.343 0. 406 0.459 237.2 317.6 170.1 147.1 257.0 248.7 240.9
3 0.347 0. 406 0.456 N/A N/A 168.1 158.8 158.4 154.7 150.1
point
1 249.2 266.1 282.0 64,8 77.3 38.1 19.15 24,20 43.04 49,71 55.08
2 205.5 196.7 134.3 1638. 8 131.4 130.7 41.06 46. 85 19.45 30.17 40.77
3 N/A N/A N/A 64.7 76.5 85.0 20.09 24,48 N/A N/A N/A
point Pressure- Temperatures
hub mid tip hub mid tip hub mid tip
1 3.27 3.40 3.52 2.90 Zz.92 2.95 139.3 144.1 148.0 125.8 126.6 127.7
2 4.12 4.26 4,38 3.15 3.32 3.47 168.6 172.7 176.2 136.1 142.4 147.7
3 4.10 4.24 4.35 3.55 3.70 3.83 168.6 172.7 176.2 151.1 156.0 160.3

point
x *ik f.-s-tat-l'cf.-f.-
hub mid tip hub mid tip
1 140.5 145.4 145.5 126.8 127.6 125.8
2 170.4 174.6 178.2 137.3 143.7 149.2
3 170.4 174.6 178.2 152.6 157.6 161.9
point Entropy — ----=--=--- Cp-=========== ----Kappa---- =  ====---- rhg====--==- —eeeeeeeeeo He====—————————
hub mid tip mid hub mid tip hub mid tip
1 79.48 1014.2 1014.3 1014.5 1.395 2.534 2.546 2.585 399.829 400,212 400.786
2 52.41 1015.6 1016.4 1017.1 1.3594 2.676 2,781 2.873 404,870 407 . 887 410. 460
3 B34.20 1017.6 1018.3 101%.0 1.393 2.914 3.000 3.077 412.073 414, 368 416. 389
---deHaller--- -————-—- DF-- - Deg-------- - Loss Coefficients
Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip

rotor 0.825 0.739 0.689 0.316 0.425 0.487 1.458 1.609 1.641 1.611 1.793 1.904 1.611 1.793 1.904 0.012 0.022
stator 0.733 0.743 0.748 0.393 0.422 0.445 1.571 1.602 1.635 1.740 1.773 1.805 1.740 1.773 1.805 0.008 0.020
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Two Dimensional Design of Axial Compressor

H/C === 5/C-—-==-==  —mm—o T/C--—-———-
hub mid tip hub mid tip
rotor 0.623 0.665 0. 704 0. 867 0.594 0.924 2.100 0. 700 0.839 0.945 0. 030 0. 060 0. 030
stator 0.635 0.610 0.587 0. 896 0.894 0,891 2.830 0.857 0.780 0.872 0. 060 0. 060 0. 060
Nr.blades ade ang
= outlet * =
hub mid tip hub mid tip hub mid tip
rotor 54.00 45.02 53.98 60.69 11.81 21.43 32.33 -1.598 -4.,27 -5.61
stator 83.00 42.45 51.17 60,26 14.16 15.71 15.77 -1.39 -4,32 -7.91
- -Blade an
hub mid tip hub mid tip hub mid tip
rotor 7.64 8.74 8.45 33.21 32.55 28.38 26.44 33.43 40, 90 23.59 19.54 14.31

stator 5.94 8.77 12.38 28.29 35.46 44.49 26.91 29.12 3011 20.96 22.37 24.20

H/T

0.741
0.734

=———— STAGE 6 =—=—
PR REACT Flow  PSI PHI dTo ds ----—= Efficiencies——----  -——--—-- surge (Koch)------
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.224 0.550 122 0.371 0.602 27.990 4.349 0.930 0.928 0.930 0.425 0.444 0.959
point -—---—-—- radius------- -Velocities
hub mid tip hub mid tip hub mid tip hub mid tip

1 0.343 0.402 0.453 237.1 277.7 313.1 177.3 168. 158.4 188.8 184.7 179.7

1
2 0.347 0.402 0.450 240.0 277.7 310.8 157.2 166.2 145.6 251.9 244.7 237.6
2 155.9 134.1 180.8 176.7

3 0.351 0.402 0.447 MN/A M/A M/A 172.2 164.

point -
mid
1 24.47 28.15 44,09
2 47.23 52.21 20.90 30.54
3 24.76 28.09 N/A N/A
point Temperatures
: = = : = = £ G: 3
hub mid tip hub mid tip hub mid tip hub mid tip
1 4.10 4.24 4.35 3.68 3.70 3.73 168.6 172.7 176.2 155.2 156.0 156.9
2 5.07 5.21 5.32 3.98 4,15 4,30 197.2 200.7 Z03.5 1l66.1 171.4 175.9
3 5.04 5.18 5.29 4. 44 4.59 4,71 197.2 200.7 203.5 1580.6 1584.8 188.3

55.07
40.20
N/A
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Two Dimensional Design of Axial Compressor

point
hub mid tip
1 170.4 174.6 178.2 156.8 157.6 158.5
2 199.6 203.3 z06.1 167.9 173.3 177.9
3 199.6 203.3 206.1 182.7 156.9 190.5
point Entropy - ----Kappa---- -—
hub mid tip mi hub
1 84,20 1018.2 1018.3 1018.5 1.393 2.987
2 86. 89 1019. 8 1020.7 1021.4 1.392 3.154
3 88.55 102z2.2 10z22.8 1023.4 1.390 3.406
---deHaller--- -——--——-—-- DF- - - Deq--------
hub mid tip hub mid tip hub mid tip h

rotor 0.812 0.736 0.689 0.329 0.428 0.486 1.481 1.615 1.639 1

————— rho------
mid t
3.000 3

p
0le

3.252 3.337
3.487 3.556

L
ub mid
. 836 1.799
.751 1.780
5/C-—--———-
mid tip

0.831 0.921
0.772 0.3859

stator 0.731 0.739 0.744 0. 405 0. 425 0. 447 1.582 1.609 1.640 1
H/C -
41 hub
rotor 0.596 0.633 0.667 0. 867 0.5894 0.924 2. 000 0.704
stator 0.601 0.580 0.561 0. 396 0.894 0.892 2.670 0. 668
Nr.blades

hub p hub
rotor 58.00 46.48 54.78 6l.15 13.11 21.68 31.55 -2.39
stator 38. 00 44,00 51.87 60,17 14.43 15.90 15.90 -z.02

tip
1.898
1.3810

hub
0.030
0. 060

turning®

ip
414.794
423.628

____________ Bmmm oo
ub mid

414.015 414,368

4159.106 421.573

425.766 427,655

hub mid
1.636 1.799

1.751 1.780
T/ ——-
mid tip

0.060 0.030
0.060 0.060

tip

1.893
1.810

H/T

0.765
0.778

429.242

Loss Coefficients

Endwall

0.013
0.008

Profile

0.022
0.020

“stagger
P hub mid p hub mid tip hub mid tip

rotor 7.79 8.86 8.65 33.37 33.10 29.60 27.41 33.57 40,27 23.19 19.57 14.87
stator 6.32 5.86 1z.18 29.58 33.98 44,27 27.20 29,23 30.08 21.24 22.47 24,13
===== STAGE 7 =====
PR REACT Flow  PSI PHI dTo ds ---——- Efficiencies------  -——-——-—- Surge (Koch)------

Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.205  0.550 122 0.371 0.594 27.337 4.040  0.930 0.928 0.930 0.430 0.348 0.959

iti

hub mid tip hub mid tip hub mid
0.346 0.398 0.444 239.3 275.1 306.7 172.5 164.2
0.350 0.398 0.441 241.6 275.1 304.9 181.3 162.3
0.352 0.398 0.439 N/A N/A N/A 167.7 160.4

ik

tip hub

155.5 134.5
143.7 247.1
152.9 130.0

mid

tip
180.8 176.3
240.8 234.3
177.1 173.3

Appendix

Page 143



Two Dimensional Design of Axial Compressor

point

(RN

point

o

point

[

point

rotor
stator

rotor
stator

rotor
stator

rotor
stator

- Velocities
N — s .= = s
hub mid tip hub m tip hub mid tip hub mid

tip
244.6 258.3 271.3 65.9 75.7 54.4 20.75 24.75 28.09 45.15 50.52 55.03
195.7 159.2 157.1 167.9 177.9 1535.1 42.80 47.62 52.18 22.13 30.92 39.82
N/A N/A N/A 65.5 74.9 81.6 21.33 25.04 28.09 N/A N/A N/&
Pressu
hub mid tip hub
5.29 4.56 4.59 4.61 197.2 200.7 154.1 154.8 185.5
6.39 4.93 5.10 5.26 224.9 228.1 230.5 195.2 199. 8 203.8
6.36 5.44 5.59 5.72 224.9 228.1 230.5 208.1 212.8 216.0
Enthalpy -
'-'-'-'-'-'-""Tota'l XX ErA AL Txx =Static x
hub mid tip hub mid tip
199.6 203.3 206.1 1386.2 136.9 187.7
228.1 231.4 233.9 137.6 202.4 206.5
2z8.1 231.4 233.9 211.9 215.7 218.9
Entropy p ----Kappa---- = ---——--- rho----———- a---————————-——=
hub mid tip mid hub mid tip hub mid tip
B8.55 102z2.7 1022.8 1023.0 1.390 3.474 3.487 3.502 427.361 427,655 428.017
91.05 1024.6 1025.4 1026.2 1.389 3.662 3.757 3.839 432,345 434,433 436.205
92.59 10z7.1 1027.8 1028.4 1.388 3.928 4,008 4,073 438.539 440,154 441.522
---deHaller--- -—--——-—- DF-----==-=  ———————- Deq-------- - Loss Coefficients
= Endwall Profile
hub mid tip hub mid tip hub mid tip hub tip
0.800 0.732 0.690 0. 345 0.431 0.485 1.510 1.622 1.638 1.665 1.805 1.895 1.665 1.805 1.895 0.014 0.022
0.728 0.735 0.739 0,410 0.428 0.443 1.592 1.616 1.645 1.760 1.7587 1.314 1.760 1.7587 1.314 0. 009 0. 020

- H/C —-e - SfC--—---—-  —mo———- T/C-——————-
x ..-r.e'l a-t-l'vef.- =3

mid hub hub mid tip hub mid tip
0.572 0.604 0.634 0. 867 0.5394 0.924 1. 900 0.720 0.824 0.916 0. 090 0. 060 0. 030
0.572 0.554 0.537 0. 396 0.894 0.892 2.500 0.672 0.764 0.3843 0. 060 0. 060 0. 060

Nr.blades -
. = : 0 :
hub mid tip hub mid tip hub mid tip

61. 00 48.18 55.54 6l. 64 13.94 21.95 30. 87 -3.02 -5.02 -6.61
92.00 45,30 52.54 60.13 14.73 16.10 16.13 -2.50 -4.92 -7.95

-Blade angles

: ‘deviation® = : = o3
hub mid tip hub mid tip hub mid tip hub mid tip
8.19 8.96 8.95 34.23 33.59 30.77 28.04 33.73 39.64 23.02 19.61 15.21

6.60 5.94 11.85 30.57 36.44 43.99 27.52 29.40 30.18 21.48 22.58 24,09

H/T

0.786
0.797

Appendix

Page 144



Two Dimensional Design of Axial Compressor

===== STAGE § =====
PR REACT Flow PSI PHI dTo ds -———- Efficiencies------  -————--——- surge (Koch)-----—-
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.189 0.550 122 0.371 0.585 26.686 3.781 0.929 0.928 0.930 0. 435 0.452 0.961
point -—---——- radius------- velocities -—
2 O .
hub mid tip hub mid tip hub mid tip hub mid tip
1 0.348 0.394 0.436 240.5 272.5 301.1 168.0 160.4 152.5 130.3 177.1 172.9
2 0.351 0.394 0.433 242.4 272.5 299.6 175.89 158.6 141.5 242.6 237.0 231.0
3 0.353 0.3594 0.432 N/A N/A N/A 163.4 156.7 149.8 176.0 173.4 169.9

point velocities
tip hub

1 266.3 66.1

2 183.6 167.1 176.1

3 N/A 65.5 74.1
point

1 5.

2 . 6.

3 7.29 7.43 7.54 6.56 6.72 6. 85

hub mid tip
1 228.1 231.4 233.9 215.1 215.7 216.4
2 256.0 258.9 261.2 226.6 230.9 234.6
3 256.0 258.9 261.2 240.5 243.9 246.8
point Entropy -Cp-—- ----Kappa----
hub mid tip mid
1 92.59 1027.7 1027.8 1027.9 1.388
2 94,92 1029.8 1030.6 1031.3 1.386
3 96. 37 1032.5 1033.1 1033.7 1.385
---deHaller--- ————--—- DF- Deq----
hub mid tip hub mid tip hub mid
rotor 0.790 0.729 0.689 0. 354 0.433 0.4581 1.528 1.629
stator 0.726 0.732 0.735 0.414 0.431 0.449 1.600 1.624

3
4
4

tip
1.634
1.649

25.03
48,00 39.58
25.32 M/A
Temperatures
tip hub p
230.5 212.3 212.8 213.5
257.0 223.4 227.6 231.2
257.0 236.9 240.2 243.0
———————— rho-------—- B B
hub mid tip hub mid tip
.994  4.006 4.021 439,905 440,154 440,465
L2001 4.293 4.373 444,752 446.545 448,089
L4811 4.556 4.622 450.539 451.938 453.130

hub mid p
1.685 1.812 1.886 1.685 1.812 1.3886
1.768 1.794 1.818 1.768 1.794 1.818

Loss Coefficients
Endwall Profile

0.014 0.021
0.009 0.020
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Two Dimensional Design of Axial Compressor

- H/C - 5/C--———-—- - T/C-———-——~ H/T
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.550 0.378 0.605 0. 867 0,894 0.924 1.800 0.714 0.818 0.888 0. 090 0. 060 0.030 0. 804
stator 0.545 0.531 0.516 0.896 0.894 0.892 2,330 0.672 0.757 0.826 0. 060 0. 060 0. 060 0.813
Nr.blades
hub
rotor 65.00 49,33 . . .
stator 95.00 46.40 53.17 60.14 15.04 16.31 16.42
-Blade angles
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 3.26 9.06 3.86 34.39 34.02 31.12 23.88 33.91 39.50 22.88 19.63 15.48
stator 6. 80 9.01 11.72 31.36 36.86 43.72 27.85 29.57 30,36 21.68 22.68 24,09
=———— STAGE 9 =———=
PR REACT Flow P5I PHI dTo ds -—--—- Efficiencies------  --——--—- surge (Koch)------
Poly Isen acc.Poly Ch Ch_max Ch,/Ch_max
1.176 0.550 122 0.371 0.577 26.040 3.563 0.929 0.927 0.930 0.439 0.457 0. 961
point  ----—-—- radius------—-
hub mid tip
1 0. 349 0.330 0.428
2 0.351 0.330 0.426
3 0.353 0.390 0.425
point
1
2
3
point Temperatures—
tip hub
1 . . . . . . . . 257.0 239.7 240.2 240.9
2 3.63 5.77 B.89 7.18 7.37 7.53 278.2 280.8 282.8 250.9 254.6 257.9
3 3.59 3.73 8.85 7.81 7.97 3.11 278.2 280.8 282.8 263.9 266.9 269.5
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Two Dimensional Design of Axial Compressor

point
hub mid tip hub mid tip
1 256.0 258.9 261.2 243.4 243.9 244.86
2 283.3 286.0 288.1 254.9 258.8 262.2
3 283.3 286.0 288.1 268.5 271.6 274.2
point Entropy ~ ----------- Cp-—---—-——-—- ----Kappa---- = ----—---—- rho
hub mid tip mid hub mid
1 96.37 1033.0 1033.1 1033.2 1.385 4.545 4.556
2 98.57 1035.3 1036.1 1036.7 1.354 4.770 4.859
3 99.93 1038. 0 1038.7 1039.2 1.382 5.062 5.136
---deHaller--- ——--———- DF- - -

hub mid tip hub mid tip hub mid tip
rotor 0.782 0.726 0.689 0. 365 0.436 0,481 1.548 1.636 1.635 1.705 1
stator 0.723 0.728 0.731 0.418 0.435 0. 450 1.608 1.631 1.654 1.777 1

____________________ A mm oo
tip hub mid tip
4,571 451.725 451.938 452.209
4.938 456.416 457.976 459,335
5. 200 461. 845 463.072 464.120

- Loss Coefficients
Endwall Profile

tip
.B18 1.386 1.705 1.5818 1.886 0. 015 0.021
. 802 1.823 1.777 1.802 1.823 0. 010 0.020

H/C T L T/ ——- H/T
= ? critical
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.530 0.555 0.578 0. 867 0.5894 0.924 1.700 0.720 0.811 0. 879 0. 090 0. 060 0.030 0.819
stator 0.522 0.509 0.496 0. 896 0.894 0.893 2.170 0.670 0.750 0,811 0. 060 0.060 0.060 0.827

Nr.blades --
: in = incidence®*
hub mid p hub hub mid P
rotor 67,00 50.56 56.94 62,29 15.62 22.52 30.45 -3.67 -5.62 -7.13
stator 97. 00 47.38 53.78 80, 25 15.35 16.53 16.69 -3.20 =5.40 -7.92

? ] * “=tagger
hub mid tip hub hub mid
rotor 8.50 9.14 9.01 34.94 . 31.54 259.42 34.11 39.24

stator 6.97 9.07 11.54 3z2.04 37.25 43.56 28.16 29.75 30.55

= STAGE 10

22.77 19.66 15.71
21.86 22.78 24,10

PR REACT Flow PSI PHI dTo0 ds = ---—— Efficiencies------  -——-——-— Surge (Koch)------
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.163 0.550 122 0.371 0.570 25.403 3.385 0.928 0.926 0.330 0.442 0. 461 0. 960
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Two Dimensional Design of Axial Compressor

point

[STRNY Y

point

[FTE R

[y

point

rotor
stator

rotor
stator

rotor
stator

hub mid tip hub mid tip
0.349 0. 387 0.421 240.9 267.3 291.3
0.350 0. 387 0.420 242.2 267.3 290.2
0.352 0.387 0.419 N/A N/& N/A

Velocities

hub mi tip hub mid tip
159.6 153.1 146.4 172.5 169.8 166.1
166.2 151.3 136.6 234.1 229.5 224.3
155.3 149.6 143.6 168.5 166.6 163.2

Velocities

tip hub m

hub

236.7 247.1 237.1 66.1 73.3
183.3 178.5 176.8 164.9 172.6
N/A N/A N/A 5.2 73.4

hub mid
79.9 22.32 25.58 28.24 47.62 51.72 55.30
177.9 44,79 48.75 52.49 24,94 3z2.04 39.41
77.5 22.76 26.17 28.37 N/A N/A N/A

303.8 306.2

10.06 10.21 10.32 5.49 5.68 5.85
10.01 10.16 10.28 9.18 9. 34 9.48
Enthalpy
hub tip hub mid
283.3 286.0 285.1 271.1 271.6
310.1 312.5 314.5 282.6 286.2
310.1 312.5 314.5 295.9 298.6
Entropy  -----—--—-—- Cp--——--—--—-—-
hub mid tip
99.93 1038.6 1038.7 1038. 8
102.02 1041.0 1041.7 1042.4
103.32 1043.7 1044.3 1044.9
---deHaller--- -——-——-—- DF---—--——-  -—-
hub mid tip hub mid tip hub

0.774 0.722 0.688 0.374 0.439 0.482 1.5
0.720 0.726 0.727 0.424 0.436  0.454 1.6

-Mach

hub mid hub mid tip
0.511 0.534 0.555 0. 867 0.5%4 0.924
0.501 0.450 0.477 0. 896 0.894 0.893

Nr.blades

hub mid P hub
63.00 51.71 57.58 62.79 16.20 22
96. 00 45.40 54.44 60.61 15.53 17

tip
272.2
289.3
301.1

----Kappa----
mid
1.382
1.381
1.379

mid tip

-rho-- -a----
hub mid tip hub mid tip
5.125 5.136 5.151 462.887 463.072 463.311
5.367 5.454 5.531 467.417 468.789 469.996
5.672 5.743 5.807 472.525 473.587 474.543
Loss Coefficients
Endwall Profile
hub mid tip hub mid tip
67 1.642 1.637 1.724 1.825 1.887 1.724 1.825 1. 387 0. 016 0.021
19 1.635 1.662 1.788 1.806 1.832 1.788 1.806 1.832 0.011 0.020

tip
267.5
284.0

292.9 295.3

H/C --me—m-- oy T/C-——-————- H/T
hub mid tip hub mid tip
1.600 0.726 0. 805 0.874 0. 090 0. 060 0.030 0.831
2,000 0.676 0.751 0. 806 0. 060 0. 060 0. 060 0.838

mid tip hub mid tip
.82 30.24 -4.10 -5.87 -7.49
.02 16.78 -3.62 -5.68 -58.13
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Two Dimensional Design of Axial Compressor

: deviation = i

hub mid tip hub mid tip hub mid tip hub mid tip
rotor 8.74 9.22 9.18 35.51 34.77 32.56 29.86 34.33 359.02 22.67 159.68 15.89
stator 7.23 9.15 11.59 32.87 37.42 43. 84 28.35 30.04 30.57 22.03 22.58 24.12

= 5TAGE 11 =

PR REACT Flow PSI PHI dTo ds o ----— Efficiencies------  ———————- surge (Koch)------
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.149 0. 550 122 0. 365 0.562 24,332 3.217 0.926 0.924 0.929 0. 440 0.462 0.953
point  ------ radius------- iti
Cm
hub mid tip hub mid tip hub mid tip hub mid tip

1 0. 348 0. 383 0. 415 240.4 264.7 286.9 155.8 149.6 143.1 168.9 166.6 162.6

2 0. 349 0. 383 0.414 241.5 264.7 286.0 161.8 147.8 133.8 229.5 225.3 220.3

3 0.351 0.383 0.413 N/A N/A N/A 151.7 146.1 140.3 165.3 163.6 160.2
point

mid tip

1 233.3 242.8 251.9

2 130.0 175.6 173.9

3 N/A N/A N/A
point Pressure-

hub mid tip hub mid tip hub P ub tip

1 10.01 10.16 10.28 9.32 9.34 9.37 303.8 308.0 292.5 293.5

2 11.58 11.73 11.85 9.91 10.10 10.28 328.4 330.5 332.3 303.3 306.4 309.2

3 11.53 11.68 11. 80 10. 64 10. 80 10.95 328.4 330.5 332.3 315.4 317.8 320.1
point -

tip

1 310.1 312.5 314.5 298.3 298.6 299.3

2 335.9 338.1 339.9 309.5 31z2.7 315.6

3 335.9 338.1 339.9 322.2 324.7 327.1
point Entropy = ----—--——--i Cp-————————-—- ----Kappa---- ~  -—---——--- rho--------  ———mmmmo— d---——m————————

hub mid tip mid hub mid tip hub mid tip

1 103.32 1044.3 1044, 3 1044.5 1.379 5.733 5.743 5.759 473,440 473,587 473.837

2 105.29 1046.7 1047.4 1048.0 1.378 5.985 6.068 6.146 477.723 478.915 480.019

3 106.53 1049.4 1050.0 1050.5 1.377 6.296 6.363 6.428 482.470 483,389 484,271
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Two Dimensional Design of Axial Compressor

---deHaller--- -----—-—- DF Deq-------- -—- Lozs Coefficients
* o “Koch/Smith= Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.771 0.723 0.690 0.377 0.439 0.477 1.572 1.641 1.629 1.731 1.824 1.877 1.731 1.824 1.877 0.017 0.021
stator 0.720 0.726 0.727 0.425 0.438 0.454 1.621 1.635 1.663 1.7390 1. 806 1.833 1.790 1.3808 1.833 0.012 0,020
-Mach H/C ——————— 5/C-—-———-= o T/C-—————=—- H/T
* = = “critical®
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.493 0.513 0.532 0. 867 0.894 0.925 1.500 0.733 0.5814 0.572 0.090 0. 060 0.030 0.5841
stator 0.480 0.470 0.459 0. 896 0.894 0.893 1.830 0.691 0.758 0. 816 0. 060 0. 060 0. 060 0.847
Nr.blades -——- -Blade angles- -——-
= i =outlet= = incidenges=====
hub mid tip hub mid tip hub mid tip
rotor 658.00 52.53 58.21 63.12 17.11 23.30 30.49 -4.41 -6.24 -7.73
stator 92.00 49.26 54.99 61.04 15.95 17.49 17.16 -4.10 -6.01 -8.46
Blade ang
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 5.82 9. 34 9.19 35.42 34.91 32.62 30.40 34.51 39.07 22.18 19.33 15.70
stator 7.46 9.25 11.70 33.32 37.50 43.88 28.50 30.24 30. 64 21.75 22.24 23.72
===== S5TAGE 12 =====
PR REACT Flow PSI PHI dTo ds = --———- Efficiencies------  ———-———- Surge (Koch)------
Paoly Iszen acc.Poly Ch Ch_max  Ch/Ch_max
1.137 0.550 122 0.358 0.554 23.296 3.079 0.923 0.922 0.929 0.438 0. 464 0. 945
point  ----—-—- radius ities -——-
hub mid tip hub mid tip hub mid tip hub
1 0.346 0.379 0.409 239.5 262.1 282.9 152.1 146.1 139.9 165.8 163.6 159.7
2 0.348 0.379 0.408 240.4 262.1 282.1 157.8 144.4 131.0 225.1 221.1 216.3
3 0.349 0.379 0.407 N/A N/A N/A 148.2 142.7 137.1 162.3 160.6 157.3
point -—- -——-
et et et smrmsrsrrrapphgreeaes
hub mid tip hub m tip hub mid ip hub mid tip
1 229.8 238.5 246.9 67.2 73.6 79.4 23.41 26.72 28.86 48.55 52.22 55.49
2 176.8 172.7 171.1 160.5 167.4 17z2.1 45.50 49.22 52.72 26. 584 33.24 40.01
3 N/A N/A NSA 66.1 73.7 77.2 24.04 27.32 29.39 N/A N/A N/A
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Two Dimensional Design of Axial Compressor

point

point

[Ty

point

W

rotor
stator

rotor
stator

rotor
stator

rotor
stator

489,357

493. 340

Loss Coefficients

Endwall

0.019
0.013

Pressure- Temperatures
hub mid tip hub mid tip hub mid tip hub mid tip
11.53 11.68 11.80 10.78 10. 30 10.384 328.4 330.5 332.3 317.4 317.8 318.4
13.138 13.33 13.46 11.42 11.61 11.79 351.9 353.8 355.4 327.9 330.7 333.2
13.13 13.28 13.40 12.19 1z.35 1z.51 351.9 353.8 355.4 339.4 341.6 343.7
hub mid hub
335.9 338.1 339.9 324.3 324.7 325.3
360.7 362.7 364.3 335.3 338.2 340.9
360.7 362.7 364.3 347.5 349.8 352.0
Entropy = ---——----—-—-- Cp-———-——-———- --—-Kappa---- @ --———-———- rho--------  ———mmm— a-—--———-—————-
hub mid tip mid hub mid tip hub mid
106.53 1049.9 1050.0 1050.1 1.377 6.353 . 363 6. 380 483,257 483. 389
108.42 1052.3 1053.0 1053.6 1.375 6.613 6. 694 6.771 487.304 438. 364
109.61 1055.0 1055.5 1056.0 1.374 6.929 6.994 7.058 491,725 492,546
---deHaller--- - ---—---—- DF-- - Deg------——-
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip
0.770 0.724 0.693 0.351 0.438 0.475 1.580 1.639 1.623 1.738 1.822 1.872 1.738 1.822 1.872
0.721 0.727 0.727 0,425 0.436 0.453 1.621 1.634 1.661 1.730 1.806 1.831 1.730 1.3806 1.831
-Mach H/C e 5/C-——=mmm = —mmmS T/C-——==—=—= H/T
tip hub mid ip hub mid tip hub mid tip
0.476 0.493 0.511 0.867 0.894 0.925 1.400 0.751 0.823 0.58584 0. 090 0. 060 0. 030 0.549
0.462 0.453 0.442 0.896 0.894 0.893 1.670 0.699 0.765 0.518 0. 060 0. 060 0. 060 0.5854

Nr.blades
hub P
66, 00 53.47 58.81 63,65
58.00 49,94 55.53 6l. 36

hub
17.77
16.45

23.78
17.97

30.61
17.70

hub
-4.91
-4.44

mid
-6.59
-6.32

hub mid tip hub
9.07 9.47 9. 40 35.69
7.59 9.35 11.69 33.48

35.03
37.56

tip
33.03
43.66

hub
30.71
2B.76

30.44

p
38.98
30.39

hub
21.71
21.45

15.98
21.90

p
15.48
23.33

Profile

0.021
0.0139
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Two Dimensional Design of Axial Compressor Appendix

=———— STAGE 13 =—=——
PR REACT Flow PSI PHI dTo ds  --—-—= Efficiencies------  ——--—-—- surge (Koch)------
Poly Isen acc. Poly Ch Ch_max  Ch/Ch_max
1.126 0.550 122 0.351 0.547 22.296 2.974 0.920 0.919 0.929 0.436 0.466 0.936
point  -----—- radius------- ielocities
C
hub mid tip hub mid tip hub mid tip hub mid tip
1 0.345 0. 375 0. 404 238.3 259.5 279.1 148.6 142.7 136.6 162.7 160.6 156.8
2 0.346 0. 375 0.403 239.0 259.5 278.4 153.9 141.1 128.2 220.8 217.0 21z.4
3 0.347 0. 375 0.402 N/A N/A N/A 144.8 139.4 133.9 159.3 157.8 154.5
point
1 234.3
2 173.8 169.9 168.3 158.3 49, 44 52.88 27.69 33.85 40,41
3 N/A N/A N/A 66.5 27.90 29.93 N/A N/A N/A
point -
hub mid tip hub hub mid tip hub mid tip
1 13.13 13.28 13.40 12.33 12,35 12.39 351.9 353.8 355.4 341.3 341.6 342.2
2 14.86 15.01 15.14 13.0 13.20 13.39 374.4 376.1 377.6 351.4 353.9 356.3
3 14. 80 14.95 15.08 13.82 13.98 14.14 374.4 376.1 377.6 362.4 364.4 366.3

point - Enthalpy
hub mid tip hub mid tip
1 360.7 362.7 364.3 349.4 349.8 350.4
2 384.5 386.3 387.9 360.1 362.8 365.3
3 384.5 386.3 387.9 371.8 373.9 375.9
point Entropy  --------—--- Cp----—--——---—- ----Kappa---- = -------- rho-------- = ———————————— a-------—--—---—-
hub mid tip mid hub mid tip hub mid tip
1 109.61 1055.5 1055.5 1055.7 1.374 6.934 6,994 7.012 492,426 492.546 492,764
2 111.42 1057.9 1058.5 10559.0 1.372 7.250 7.330 7.405 496. 246 497.200 495,100
3 112.59 1060.5 1061.0 1061. 4 1.371 7.569 7.833 7.695 500,373 501.115 501,836
---deHaller---  -———-—-—-- DF----==--=  ———————— Deg-------- - Loss Coefficients
Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip

rotor 0.768 0.725 0.693 0.382 0,437 0.472 1.58z2 1.637 l.616 1.741 1.820 1.863 1.741 1.820 1.863 0.020 0.021
stator 0.722 0.727 0.727 0.425 0.435 0.452 1.620 1.633 1.659 1.730 1.805 1.830 1.790 1.805 1.830 0.014 0.0139
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Two Dimensional Design of Axial Compressor

H/C - SfC-—--mo- oo T/C———— - H/T
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.459 0.476 0.491 0.867 0.895 0.925 1.300 0.759 0.833 0. 887 0. 090 0. 060 0.030 0.856
stator 0.445 0.436 0.426 0.896 0.895 0.893 1.500 0.708 0.773 0.823 0. 060 0. 060 0. 060 0. 860

Nr.blades

tip hub mi
rotor 64, 00 54.16 59.39 64.03 18.53 24,25
stator 32.00 50.57 56.06 61.75 16.94 13.46 18.21

hub [ hub
rotor 9.16 9.59 9.44 35.63 33.06 31.13 34.90 39.10 21.26
stator 7.71 9.45 11.72 33.63 37.60 43.53 28.98 30.64 31.11 21.14 21.54 22.94

===== STAGE 14 =====
PR REACT Flow PsI PHI dTo ds -—-—-—- Efficiencies----- -  —-——-——--—- Surge (Koch)------
Paly Izen acc.Poly Ch Ch_max Ch,/Ch_max
1.116 0.550 122 0.345 0.540 21.331 2.898 0.916 0. 915 0.928 0.433 0.467 0.926
point  ------ radius-------
hub mid tip hub mid tip hub mid tip hub mid tip
1 0.343 0.372 0.399 236.8 256.9 275.5 145.2 139.4 133.5 159.7 157.8 154.0
2 0.344 0.372 0.393 237.5 256.9 274.9 150.2 137.8 125.3 216.5 212.9 208.4
3 0. 344 0.372 0.397 N/A N/A N/A 141.5 136.2 130.7 156.5 155.0 151.7
point -Velocities—-
hub mid tip hub m tip hub mid tip hub mid tip
1 222.6 230.1 237.4 63.0 73.8 79.1 24,66 27.88 29.93 49,30 52.71 55.80
2 170.9 167.1 165.6 156.0 162.3 166.6 46. 07 49,67 53.05 28.48 34.45 40,85
3 NSA N/A NSA 66.8 73.8 77.0 25.26 28.48 30.50 N/A N/A N/&
point
hub mid hub mid i tip
1 14.80 14,95 15.08 13.95 13.98 14.02 374.4 376.1 377.6 364.1 364.4 364.9
2 16.60 16.75 16. 88 14.67 14.87 15.06 395.8 397.4 398.8 373.8 376.2 378.4
3 16.54 16.69 16.51 15.51 15.67 15.83 395.8 397.4 398.8 384.3 386.2 388.0
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Two Dimensional Design of Axial Compressor

point Enthalpy------————--—--——-
i rixdrriiriid X 2 ........Btat-l'cf.- iy
hub mid tip hub mid tip
1 384.5 386.3 387.9 373.6 373.9 374.5
2 407.3 409.1 410.5 383.9 386.4 388.8
3 407.3 4098.1 410.5 385.1 397.1 399.0
point Entropy ----Kappa---- -rho--
mid hub mid tip hub tip
1 112.59 1060.9 1061.0 1061.1 1.371 7.623 7.633 7.650 501,004 501.113 501.320
2 114.34 1063.2 1063. 8 1064, 3 1.370 7.893 7.970 5.045 504,609 505.476 506,299
3 115.48 1065.7 1066. 2 1066. 6 1.369 5.212 3.275 8.336 508.473 509.146 509.807
---deHaller--- --—-—-—- DF------—-=  ———————- Deg-------- Loss Coefficients
Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid hub mi tip
rotor 0.768 0.726 0.693 0.383 0.436 0.469 1.554 1.635 1.610 1.743 1.818 1.857 1.743 1.818 1.857 0.022 0.021
stator 0.723 0.728 0.728 0.425 0.435 0.450 1.619 1.632 1.657 1.789 1.504 1.828 1.789 1.804 1.828 0.016 0.019
-Mach H/C - S/C-——--—--- - T/C-————-——- H/T
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.444 0.459 0.474 0. 867 0.895 0.925 1.200 0.770 0.843 0. 394 0. 090 0. 060 0.030 0.862
stator 0.429 0.421 0.412 0. 396 0.89% 0.893 1.330 0.716 0.782 0.3828 0. 060 0. 060 0. 060 0.865

Nr.blades

hub mid tip hub
rotor 61.00 54,85 59.95 64.47 19.20
stator 75.00 51.14 56.57 62.13 17.45

rotor 9.28 9.72 9.53 35.64 35.22
stator 7.81 9.54 11.74 33.69 37.63

BElade angles

outlet =

mid tip hub
24.73 31.32 -5.55 -7.24
15.94 158.76 =-5.07 -6.90

tip
33.15 31.48 35.10 39.22
43.37 29.23 30.85 31.37

tip
-8.67
-9.08

-Blade angles---

stagger®

hub mid tip

20.81 21.18 22.55

===== STAGE 15 =====
PR REACT Flow PSI PHI dTo ds - Efficiencies------  ————-——- Surge (Koch)------
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.107 0.550 122 0.338 0.533 20.401 2.850 0.911 0.910 0.928 0.429 0. 469 0.915
point -----—- radius------- itie
= “Cmy =
hub mid tip hub mid tip hub mid tip hub mid tip

1 0.340 0. 368 0. 394 235.2 254.3 272.0 141.9 136.2 130.3 156.9 155.0 151.2

2 0.341 0. 368 0.383 235.7 254.3 271.5 146.7 134.6 122.4 212.4 209.0 204.6

3 0.342 0.368 0.3592 NSA N/A NAA 1358.3 133.1 127.6 153.7 152.2 149.0
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Two Dimensional Design of Axial Compressor

point -Velocities
hub mid tip hub m tip
1 219.0 226.1 232.9 68.3 73.8 79.0
2 1658.1 164.5 163.0 153.6 159.8 163.9
3 N/A N/A N/A 57.0 73.9 76.9
point

16.54 16.69 16.81 1
2 15.40 18.55 18.68 1
3 18.33 13.48 18.60 1

hub mi
5.65 15.67 15.72 395.8 39
6.39 16.59 16.79 416.3 41
7.26 17.42 17.58 416.3 41

point
hub tip
1 407.3 408.1 410.5 396.8 397.1 397.6
2 429.3 430.9 432.3 406.7 409.1 411.3
3 429.3 430.9 432.3 417.5 419.3 4z1.2
point Entropy  ---—------- Cp-——--——--——-- ----Kappa----
hub mid tip mid
1 115.48 1066.1 1066.2 1066.3 1.369
2 117.19 1068.4 1065.9 1069.4 1.367
3 118.33 1070.8 1071.2 1071.6 1.366
---deHaller--- ----—-—--DF---------  ———————— Deg-----
hub mid tip hub mid tip hub mid

rotor 0.768 0.728 0.700 0.354
stator 0.724 0.728 0.728 0.425

rotor 0.430 0.444 0.457 0.
stator 0.415 0.407 0.398 0.

Nr.blades
hub

rotor 57.00 55.56 60.50
stator 67.00 51.76 57.07

0.435 0. 467 1.586 1.632
0.434 0.451 1.619 1.630

H/C

367 0.895 0.925 1.100

396 0.895 0.893 1.170
ade angl

i “outlet= d
hub mid tip
64,98 18.77 25.21 31.64
B62.69 17.86 19.43 19.17

mid tip
25.26 28.46 30,50 49,62 52.95 55.98
46.32 49.89 53.25 29.23 35.05 41.33
25,84 29.07 31.09 N/A N/A N/A
Temperatures-
d tip hub
7.4 398.8 385.9 386.2 386.7
7.8 419.1 385.3 397.5 399.86
7.8 419.1 405.3 407.0 408.7
———————— rho-------- - a----=--=
hub mid tip hub mid tip
B.265 8.275 3.293 509.043 509.146 509,341
8.536 8.613 3.687 512.444 513.238 513.396
8.855 8.917 5.978 516.067 516.684 517.294
-— -——- Loss Coefficients
= “Lieblein® = Endwall Profile
tip hub mid hub mid tip
1.606 1.746 1.816 1.852 1.746 1.816 1.852 0.024 0.021
1.657 1.789 1.3803 1.3829 1.789 1.3803 1.829 0.018 0.019
———————— S/C-mmmmmem ——mme =T e e H/T
hub mid tip hub mid tip
0.785 0. 854 0. 906 0. 090 0. 060 0.030 0. 866
0.731 0.791 0. 340 0. 060 0. 060 0. 060 0.869

hub

-5.93 -7.56 -9.01
-5.44 -7.18 -9.44
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Two Dimensional Design of Axial Compressor

=———— STAGE 16 =—=—=
PR REACT Flow PSI PHI dTo ds  --——- Efficiencies------  -—-———--——- surge (Koch)- -
Poly Isen acc.Poly Ch Ch_max  Ch/Ch_max
1.099 0.550 122 0.331 0.526 19.503 2.838 0.905 0. 904 0.927 0.428 0.472 0.905
point radius -
hub mid tip hub mid tip hub mid tip
1 0.338 0. 364 0.389 233.3 251.7 268.7 154.1 152.2 148.5
2 0.338 0. 364 0.338 233.8 251.7 268.3 208.4 205.1 200.7
3 0.339 0. 364 0,388 N/A N/A N/A 151.0 148.7 146.3
point
1 P
2 165.4 161.9 160.4 151.3 157.3 161.3 46.54 50.10 53.47 29:93 35:65 41:85
3 N/& N/A N/A 67.2 72.2 76.9 26.42 29.05 31.70 N/A N/& N/A
point Pressur
hub tip hub tip u ip
1 13.33 13.60 17.40 416.3 417.8 419.1 406.8 407.0 407.6
2 20.24 20.51 18.16 435.9 437.3 438.5 415.7 417.8 419.8
3 20,16 20.31 20.43 19.05 435.9 437.3 438.5 425.3 427.1 428.6
point -
Total*
hub mid tip
1 429.3 430.9 419.0 419.3 419.9
2 450.4 451.9 428.7 430.9 433.0
3 450.4 451.9 439.0 440.9 442.5
point Entropy =~ -----——---—-- Cp-——-——--—--—- ----Kappa---- = -------- rho--------  ———o———— a---—--—--——-—-
hub mid tip mid hub mid tip hub mid ip
1 118.33 1071.2 1071.2 1071.3 1.366 8. 907 8.917 8.935 516.587 516.684 516.870
2 120.02 1073.3 1073.8 1074.3 1.365 9.178 9,254 9,327 519.795 520.527 521.231
3 121.17 1075.6 1076.1 1076.4 1.364 9.4435 9.560 9.616 523.197 523.809 524,333
---deHaller--- - ---———-——- DF-—-——--—- --Deg- Loss Coefficients
4 Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.768 0.729 0.702 0. 383 0.434 0.463 1.584 1.629 1.599 1.745 1.813 1.845 1.745 1.813 1.845 0.026 0.021
stator 0.725 0.725 0.729 0.420 0.437 0.444 1.610 1.637 1.646 1.7581 1.810 1.819 1.781 1.3810 1.819 0.021 0.019
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Two Dimensional Design of Axial Compressor Appendix

H/C - 5/C T/C-- H/T
hub mid tip hub mid tip hub mid tip hub mid tip
rotor 0.417 0.430 0.442 0. 867 0.895 0.925 1.000 0.793 0.866 0.911 0.030 0. 060 0.030 0.870
stator 0.401 0.394 0. 385 0. 896 0.895 0.594 1.000 0.718 0.781 0.823 0. 060 0. 060 0. 060 0.873
Nr.blades
incidence® :
mid tip

rotor 53.00 56.09 61.04 65.38 20.42 25.68 32.14 -7.86 -9.21
stator &0.00 51.90 57.39 62.67 15.66 19.38 20.19 -7.29 -9.20

hub mid tip
rotor 9.51 9.97 9.71
stator 7.76 9.67 11.51

hub mid tip
159.98 17.53 14.33
20.12 21.05 21.77

—————— radius------- ies
hub rms tip hub rms tip
0.339 0.364 0.388 135.26 130.00 124.51
Pressur -Temperatures-

* = T rrir "Btat'l-c" Tdrrrirdd T rrid ..Tota'lf s T

hub mid tip hub mid tip hub mid tip hub mid tip
20.38 20.26  20.11 19.22 19.43 19.62 435.93 437.34 438.50 427.44 429.50  431.31
- Enthalpy
= T "TDta] EExFrrrrrrris et 2] "Btat'l-cf'.f'. s

hub mid tip hub mid tip

450.4 451.9 453.2 441.2 443.5 445.4

Entropy = ----------- Cp -—- ----Kappa---- - rho - e a -——-

hub mid ip mid hub mid tip hub mid tip

121.83 1076.156 1076.653 1077.091 1.364 9.551 9.629 9.697 523.938 524.662 525.299
---deHaller----  -———-———- DF--------= —————— Deq De Loss Coefficients

. . . . . . = - i . i _ Endwall Profile
hub mid tip hub mid tip hub mid tip hub mid tip hub mid tip
0.896 0.874 0.851 0.263 0.313 0.364 1.321 1.391 1.466 1.444 1.510 1.578 1.413 1.485 1.563 0.027 0.016

Mach H/C —mmm———- 5/C-——mmm— T/C H/T
E] at-l've.. *xxrd E ..Cr--l't-l'ca'l Fxrrrd

hub mid tip hub mid tip hub mid tip
0.258 0.254 0.237 0. 895 0.893 0.892 1.000 0.714 0.772 0.817 0. 060 0.873
Nr.blades Blade angles -

*xxd ...-I'n'let............ ..............Dut'let............ x -I'nc-l'dence

hub mid tip hub mid tip hub mid tip
61,00 32.08 35.79 39.52 -7.99 -9. 584 -11.75 -5.66 -6.74 -7.83

Elade

hub mid ] ip
7.99 9. 54 11.75 40.07 45.63 51.27
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