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Dimensions in cm (in.)

Axial Length, in.

38 — T —ts
& 16.98 38.10
E) \IT o) o
36.58 (14.40) :('3621) —14 E
e :
5 % 3
7; -
2 s &
2
32—
32.58 (12.825) 32.33 (12.73)
)
s 91.22:(12.29) 31.12 (12.25)
L | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

Axial Length, cm

3 . -
[YF] BE™ WL Led g (Sealusg ] olym jeee (V-Y) S0

o Linear Scale, Each Division Equals 0.508 cm (0.2 1in.)

a. Stage | Vane Hub Pitch P
T ¢ Stage 2 Vane: Hub

Axial Position
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Hole
Number of Diameter

Row Holes em  (in.)  Type

1 22 .061 (,024) Axial, Shaped

2 23 .061 (.024) Axial, Shaped

3 12 .048 (.019) Radial

4 12 .048 (.019) Radial

5 12 .048 (.019) Radial

6 12 .048 (.019) Radial

7 12 .048 (.019) Radial

8 12 .048 (.019) Radial

9 12 .048 (.019) Radial

10 20 .036 (.014) Compound Angle

11 19 061 (.024) Compound Angle

12 16 061 (.024) Compound Angle Row
13 16 048 (.019) Axial 14
14 18 x .155 Pressure Side Slot

8
Row 5
Row 4 "* Forward
Cavity
Row 3 &
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All holes are 0.089 cm (0.035 in) diameter
[ Hole Number 13 omitted in channels with saw cut.
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All holes are 0.084 cm (0.037 in.) diameter.
Hole Number 23 omitted in channels with saw cut.

(Y1 gl il S5 Sgsme )lsp )15 S gm0 iy 5 (F-Y) IS

Row 1

; .

P~
/l/f['\' v Row 6
Row 2
Row ROW
3 4
Hole
Number of Diameter
Row Holes em (in,) Type Row 7
1 25 .036 (.014) Axial, Shaped
2 11 .036 (.014) Radial
3 10 .036 (.014) Radial
4 11 .036 (.014) Radial
5 22 .036 (.014) Axial
6 17 .036 (.014) Compound Angle
7 11 .048 x .152 Pressure Side Slot

(.019 x .060)

IYF1 st st 5555, 0 )52 psms oo (V-1 S5

A
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Stage 1 Blade Stage 2 Blade

[Y¥lags 5 Jsl ails ;559,01 (A-Y) S

Trailing Edge Pressure Side Cooling Holes

10 Slots .048 x .152 em (.019 x .060 in.)
30 Holes .053 cm dia. (.021 in.)
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Forward Cavity

Single
Slot
Single
Slot
Slot Dimensions

.064 x .345 cm
(.025 x .136 in.)

[Y\c]ﬁﬁ A y939; 00 (5,5 SEE g iy (V)T S
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stator,stage 1 rotor, stage 1 stator, stage 2

3.4835 X 10°Pa 3.466 X 10°Pa 1.63267 X 10°Pa
352K 344K 300K
1.254kg/sec 0.477kg/sec 0.28kg/sec

A

VI

rotor, stage 2

3.466 X 10°Pa
344K
0.109kg/sec
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Significance of the Blade-Jet Speed Ratio

The blade-jet speed ratio is defined as the ratio of the average pitch-
line wheel speed, U, to the velocity, Co, which would theoretically be obtained
by expanding the turbine flow from stage inlet total enthalpy to the ideal stage

exit enthalpy. This can be expressed in terms of quantities measurable directly
in the rig as follows:

(Constant) x (N/ m)

L - -
C, T g1 1 w2
5 3
2C T Pﬁz = P%‘iz
P 'T,41 P.r.‘ T,4
where

i = stage indicator

n = number of stages

For a given set of turbine inlet conditions, we see that the
blade-jet speed ratio is a function of pressure ratio and speed only, Conse-
quently, once the rig has been set at the desired total-to-static pressure
ratio, the second independent parameter in the test matrix, U/Co. may be set
by adjusting rig speed.
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Reynolds Number Calculation

The standard expression for Reynolds number is:

pV1
R=——-
e u (c1)

For application to a turbine stage, pV is replaced by W/A, where
A is defined as the vane flow area, or
W/A =W/ (n d° h) (c2)

where n = number of vanes
d°= throat dimension of vanes
h = trailing edge height of vanes

Combining (Cl) and C2) yields
— Wl (c3)

Re =
un do h

Defining the characteristic length, 1, to be the vane throat

dimension, do’ equation (C3) reduces to

Re = uzh (c4)

For multistage turbines, the individual stage Reynolds numbers are

energy weighted. The energy averaged Reynolds numer is deined as

n
I (Ah), Re,
i i
Re = o (C5)

n
i iy
where N = total number of stages
(Ah)i = energy extraction of ith stage

Re, = Reynolds number of stage,

i
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Abstract

One of the most important components of the turbine is axial turbine that its task is
power generation. The gas turbine is used in power plants in aircraft engines. Since,
output stream from the combustion chamber, depends on kind of combustion chamber
and its operating conditions, in different operation conditions, the turbine inlet flow will
change.

Over a period of time in general practice, Turbo-machines preliminary operation, it

will be changed: also Turbines are no exception. During the operation, due to factors

such as entry of dust into the turbine, the impurities in the fuel, chemical reactions with
sulfur contamination in the air or fuel that produced by incomplete combustion of
unburned carbon, the turbine blades surface can be rough. Quantitative analysis of the
effect of roughness on turbine performance is very important. Due to the complexity of
the flow into the turbine to know flow and temperature field into the floor of the turbine
and calculating roughness effects, three-dimensional analysis is required.

Nowadays, with the development of numerical methods for calculations and
increase in computational power of computers, we can do fully three-dimensional
analysis the flow into the turbo-machines.

In this project, a two-stage axial turbine, manufactured by General Electric and
Institution NASA, ET, has been studied. At first this turbine is modeled with software

CATIA and BLADE GENERATION and then is used TURBO GRID software for grid
generation. Then by using the software ANSYS CFX, fully numerical flow field just
without any simplifications on governing equations are made. The solution based on the
software's finite volume method.

To validate the analysis, the results of the simulation, were compared with the
experimental results of laboratory testing of the turbine thrust two stage E3. After
validating the used numerical method, which represents the performance of the turbine,
the turbine maps is achieved in the form that it work in high-temperature and with gases
from combustion products.The given results include the distribution of pressure,
temperature, density, Mach number, and flow lines and . . ., In mean surface, or in
sensitive areas.

The results showed that the total pressure in axial turbine rotor due to energy

transfer from the fluid, decreases.
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Flow velocity increase through the stator blades and rotor blades crossing over is
reduced. Then, we study about roughness effects with applying real roughness on stator
and rotor blades of the turbine we find its effect on turbine maps.

Then we change the geometry due to deposition and erosion and it is discussed.

The ultimate goal of all defects on turbine takes place.

Keywords: turbine E°, roughness of blades, faults of blades, three-dimensional

simulation of turbin, roughness effects on gas turbine performance.
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