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MEASUREMENT OF A HP/IP STEAM TURBINE DIFFUSER

HOZNEDL Michal, FELDBERG Lev Avraamovic

The results of the measurement from the basic nariaf a medium-
pressure/high-pressure type of a diffuser of thearst turbine Skoda
are stated in the presented paper. To get an ideauathe size of the
loss coefficient of a basic variant of a diffusexsvthe objective of the
measurement and to compare it with the so far ifiedtnumerical
calculations. The results serve as reference ondkd other variants
being researched subsequently.
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Introduction

After successfully managed upgrading the output-poessure parts of the steam turbines
Skoda [1, 2] it was possible to begin upgrading tigh-pressure and medium-pressure
diffusers as well.

A diffuser is the part of a turbine located behthé last level of the part whose task is to
compress the steam flow so that the pressure béfhénthst level would be as low as possible
and this way the expansion line would be extended tmaximum. These changes may be
reached particularly by the passive resources,wtmieans the suitable shaping of the limiting
walls, but in case of the low-pressure diffuseodby blowing an additional flow into the
boundary layer [3]. The anticipated contributiongthie form of the increased performance of
the device depend on the output speed of the sheamthe last level of the part and on the
quantity of the steam and they may occur from tersundreds of kW.

Together with the measurement of the pressure damseé visualization of the flow of a basic
variant the identification of the other suitableagimg variants of a diffuser based on CDF
computations for the subsequent measurement wdsriped. The areas with the possible
places of the flow separation and thus the potestiarces of the losses were located.

1. Measurement description

A measured model is derived in the scale 1:1.7% filve medium-pressure diffuser of the steam
turbine called Sredneuralskaya. Geometry of attghine, which means the last moving blades
as well as of a diffuser is presented in Fig. kcAle model of a diffuser is 63 mm high and it is
designed as segmented one, which means 2.5D. Témingpangle of the segment is°10
Further, a radial slit above the edge of the moJitade was simulated and there was a
possibility to change the intensity of the leakdg®ugh this slit. Geometry of the slit and the
clearance corresponded to geometry of a real biHue.radial clearance is at the level of 0.3
mm. A total view of geometry of the model includiag input and output tract and including
obvious side windows for visualization of the flagvshown in the Fig. 2. The design of the
model itself enables to change the axial lengttthef channel as well as the length of the
diffuser wall by the removable liners.

The measurement of the losses itself was evalustéiade loss coefficient defined as:
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Hereby: Index 01 — the total pressure at the inlet
Index 1 — the static pressure at the inlet

Index 2 — the static pressure at the outlet

P - The mean value of the pressure weighted byrbgsesectional area
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Fig. 1. Real diffuser geometry
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Fig. 2: A 3D view of a diffuser section model
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The static pressures at the inlet and at the ofntdet the domain were measured by the static
wall samplings, the total pressure at the inleb ithte domain by the Prandtl probe was
measured, further, the mass flow volume throughmhb inlet and the blowing by the orifices

was measured. The temperatures in the main inktirarthe blowing were measured by a
thermocouple.

2. Measurement results

In the first stage it was necessary to find outdistribution of the total pressure by traversing
along the height of the channel so that it wouldpbssible to find out a characteristic position
of the probe for all further measurements witheavérsing. The results are shown in Fig. 3.
The axis y provides the ratio of the pressure nmedsin the stated position to the medium
pressure at the inlet. The evenness of the inpegspre field in the tunnel is proved. The
greatest total pressure is, as assumed, at hglithafi the channel.
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Fig. 3: The total pressure distribution along the inletssreection

Further, it was necessary to identify the distiitnutof the static pressure on the walls at the
inlet to the area for the left as well as for thght side of the model. This distribution is shown
in the Fig. 4 and it is seen to be practically eeenthe both sides. From this reason it was
possible to decrease the number of the pressurseunsaents by half.
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Fig. 4: The static pressure distribution along the inlessrsection
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The similar measurement was performed at the tdutlen the area. Here only sampling of the
static pressure along the left as well as the e in the horizontal direction was performed,
see Fig. 5. The pressures on the left and rightapio be equal again and at the same time it is
obvious that the pressure profile along the widtthe channel is nearly constant. Its change is
about 0.2% and it corresponds to the distributibthe speed in the flow.
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Fig. 5: The static pressure distribution along the outless section

However, as the main result is defined the lossfictent of the pressure for several different
speeds at the inlet into the diffuser. Fig. 6 shalesirly that in the given range of the input
speeds defined by Laval numberthe profile of the loss coefficient is constantlat reaches
the values around = 0.74. The nominal Laval numberAs= 0.3. It means that the diffuser
works properly, however, there is still a certaiagce to reduce the loss coefficient.
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Fig. 6: The influence of the input speed on the loss coefiit

The important task was also to find out the infleeenf the leakage through the rotor seal on the
losses. While Fig. 6 considers the proportionakdge through the rotor seal (g) to the flow
volume of the main flow (G) as zero, which meanG g/ O, then in Fig. 7 this proportion
increases up to the value 0,06. The real valuesaggGvarying in the range 0,008 + 0,015. It is
obvious that with the increased level of the le@k#me losses increase as well. One of the
reasons may be found in the different speed of fhots, whereas the speed of the medium by
the leakage may be higher and the losses alscasedue to mixing. The increase of the losses
is virtually linear. Hereby, = 0.74.
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Fig. 7: The influence of the leakage flow ratio on the lossfficient

Fig. 8 provides visualisation of the flow for thase with the leakage g/G = 0.03. The higher
speed is obvious in the place of the leakage arnldey a probably swirl area in the area where
the flow spins on the hub wall is seen too.

Fig. 8: Flow visualization for the case with the mediumaflthrough the seal

To achieve the comparison series of 2D computatipnghe program ANSYS Fluent was
performed, for the number of the combinations ofalalengths of a diffuser L2 and axial
lengths of the upper limiting wall of a deflectol Lrelated to the length of the last blade L
without the influence of the leakage through theachnce, which means g/G = 0. The results of
the parametric study are shown in the Fig. 9. Rerrmeasured variant, which means for the
combination L1/L = 1.58 and L2/L = 2.632 the vahfethe losse€ = 0.76 is calculated. The
difference between the measured value of the Ieasgshe calculated value is minimal. This is
caused by the fact that in the course of flowing flbw is not separated, the boundary layers
have no possibility to be developed due to the leagth of the airflowed parts and due to a
rather simple shape of the channel. Such confgrisivery rare in the diffuser flowing in other
cases.

With some caution the CFD computations for thisaaappear to be trustful, however, it is
necessary to keep checking the selected variaptrieentally.
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Fig. 9. The CFD parametric study of the geometrical sizashination

Conclusion

The measurement of the first variant of a modethef medium-pressure diffuser of the steam
turbine was performed. At the beginning the infleeeiof the distribution of the static pressures
as well as the total pressures at the inlet andilplgsat the outlet from the measured area was
tested. The minimal change of these pressures #hengidth of the channel was found out.

For several input speeds to the diffuser the measemt of the losses was performed. The value
of the losses in the measured area of the speedsissant, = 0.74. Further, the dependence of
the size of the leakage through the radiaal clesram the losses was found out. If the leakage
increases, the losses increase too.

The CFD computations showed a proper conformithie measurement. They may serve as
the guidelines for the proposals of the other meabaptions.
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