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Abstract. We have set as an aim to optimize the parametiees apnduit-turbine’s

diffuser, what was planted into an eel-catcher sbafthe Si6 canal, in Hungary. The
aim was to increase the efficiency of the turbiflee length and the bend of the draft
tube were also given. In the course of optimizatioa size of the diffuser's outlet
diameter was changed. The vortex of water-spoutlwieintering the diffuser was
optimized with given draft tube geometry [1] bySzlivka and P. Kajtar. The main goal
of our work was by changing the diameter of diffuglraft tube) reach the best
coefficient of efficiency. The simulation was acglished with ANSYS CFX software.
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INTRODUCTION

We have set as an aim to optimize the parametees ainduit-turbine’s diffuser,
what was planted into an eel-catcher shaft on the&hal, in Hungary. The aim was to
increase the efficiency of the turbine. In the seuof our work we proceeded a previous
researching where were examined the needed paranoételanting of the turbine and
the controlling of the stream parameters with CiHButation. During the designing of
the turbine’s main parts the following problems eveealized: there were not enough
places in the shaft to place an adequate diffUde.shaft was too small for a sufficient
diffuser what possess draft tube with small an§ler this reason was required the
reducing of the diffuser’s length and the incregsaf the aperture angle. It was the
cause of the efficiencies deterioration, howeverldss was reducible. Our aim was the
further reduce of the loss with the optimizationtbé diffuser's dimensions. In the
course of optimization the entering size of theftdiabe was given (900 mm) which
accords with the diameter of turbine. The lengtti tre bend of the draft tube were also
given. In the course of optimization the size oé tiffuser's outlet diameter was
changed. The vortex of water-spout which enterimg diffuser was optimized with
given draft tube geometry [1] by F. Szlivka andKkRjtar. The main goal of our work
was by changing the diameter of diffuser (draftejubeach the best coefficient of
efficiency. The simulation was accomplished with@¥5 CFX software.

Similar optimization was accomplished by J.G.I. Istebm 1, B.D. Marjavaara, T.S.
Lundstrom [2] with using CFX-5.7.1 software. Floytionization with using diffuser
was accomplished by L.F. Gadeikric L. Bibeau [3].

Admission cone

e

Pre-deflector

Picture 1: Micro turbine

CFD SIMULATION

In the previous work [1] the first step of the CBiinulation was the modeling of the
stream area. The modeling was easily executablthenANSYS Design Modeler
module with the previously made 3D CAD model. Theeé main parts of the model
were: influent part, the turbine and the diffusene next critical part was the preparing
of the CFD mesh. In the meshing it is necessamghtmse the good element size and
the thickness of the boundary for the actual pmobl/ith using too small element size
the computation would consume too much time, howevieh big element size the
impropriety is going to grow. The whole model waarfmeter high thus the hydrostatic
pressure was also an important parameter and t¢inergfwas necessary to define the
gravitational acceleration. It can be seen fromrédseilts of the earlier examination that
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the evolved flow patter in the draft tube was natable. The flow has stagnated in the
upper part moreover backflow was detectable in seeestion. The main cause of it was
the not suitable place for create the elbow andliifieser. After short section the flow
has come off from the wall in the expanded elbowe Tlow in the diffuser was
improved by giving vortex for the stream at theetrpoint. This vortex was made by the

impeller. The optimal parameters of the vortex weletermined with a distinct
calculation.

Picture 2: Stream lines in micro turbine [1]

Picture 3: Velocity field in micro turbine [1]

The first step of the optimization process wasdtetnine the magnitude of the vortex
(eg. the circumferential velocity) in the outgoithgw from the impeller.

THE OPTIMIZATION OF THE VORTEX

From the calculation it could be seen that the sagtimferential velocities were the

optimal along the determined axial velocities. Tdiameter of the draft tube was
1490 mm.

Axial Inlet | Outlet
velocity | Circumferential |pressure|pressur Pressure Efficiency of
[m/s] Va | velocityfm/s]vy | [Pa] [Pa] | difference [Pa]| the diffuser

3 1,05 -3860,461,03467 3861,49461 0,908
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1,08 -3864,23 1,20387 3865,43381 0,904
5 1,7 -10730,62,75478  10733,3547¢ 0,913
1,8 -10751{3,41737 10754,4173] 0,906
7 2,3 -209964,72023  21000,7202! 0,916

Table 1: The optimum circumferential velocity affelient axial velocities [1]

OPTIMIZATION OF THE DIFFUSER

As we mentioned it earlier the flow has stagnatedhe upper part, and in some
section backflow was detectable as well as therginig of the length is not possible.
Therefore we would like to improve the flowifgatures and the investment costs with
the optimization of the draft tube’s diameter, &aetmine the outgoing section diameter
of the diffuser. At the measurement the diametethe draft tube were changed
1050 mm, 1150 mm, 1250 mm, 1350 mm, and 1450 mne weed instead of the
original 1490 mm, which was possible maximum.

EFFICIENCY OF THE DIFFUSER

We have calculated the average axial and circumii@tevelocities on the outgoing
section of the diffuser. The results are summarizeéte Table 2.

Inlet Axial Outlet Axial velocities

velocity

900 mm 1050 mm 1150 mm 1250 mm 1350 mm 1450 pnm
3m/s 2,203 1,836 1.555 1.333 1.156
5m/s 3,672 3,061 2.592 2.222 1.926
7m/s 5,141 4,285 3.628 3.111 2.697
Inlet Outlet Circum. velocities

Circum.

velocity

900 mm 1050 mm 1150 mm 1250 mim 1350 mm 1450 mm
0,985 0,3775 0,4135 0,709 0,657 0,612
1,6425 0,629 0,6894| 11826 1,095 1,019
2,2995 0,8813 0,9652 1,655 1,533 1,427

Table 2: Axial and circumferential velocities affelient diameters
Pressure Diameters
enlargement

Axial v. 1050 mm| 1150 mm 1250 mmn 1350 mm 1450 npm
3m/s 1951,67| 2737,628 3231 3550,75 3762,17
5m/s 5508,81| 7682,945 9047,53 9933,2 10517,07
7m/s 10874,6| 15125,18 17792,4 19524,3 20663,48,

Table 3: Pressure enlargement at draft tube
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The efficiency of the diffuser was calculated wigage of the next formula:

Mo =

v, Average circumferential velocity

Vv

pressuregrowth
—2 —2 —2
[2) Vsin + Vein )_ (Vaout + Vcout)]

Average axial velocity in outlet cross-section

aki
\_/kki Average circumferential velocity in outlet crossetion
Efficiency Diameters
Axial v. 1050 mm| 1150 mm| 1250 mm 1350 mm 1450 mmp
3 m/s 0,7847| 08517 9167 0,9149 0,9110
5m/s 07973 | 0.8607| 0,9241 0,9214 0,9165
7m/s 0,8031| 0,8644/ (9270 0,9240 0,9188
Efficiency Diameters
Axial v. 1050 mm| 1150 mm| 1550 mm 1350 mm 1450 mnt
3 m/s 094131 09727 (9818 0,9832 0,9818
5 m/s 0,9567 | 0,983l ( 9gog 0,9902 0,9880
7 m/s 0,9636 |  0,9873| (9929 0,9931 0,9904

Table 4: Efficiencies at different diameters (ctdted with- and without circulation)

As it can be seen from the results the efficieneg &lmost the same with the different
diameters or even it was a bit better with smaliee. It follows from this we can reach

the same or a bit better efficiency with lower istreent cost.

Diffuse efficiency (calculated with circulation)

& 3m/s"
m5m/s

7mls

Outgoing diameter [mm]

[ [

A .,
> 0.9000 / 3 —
2
5 0.8500 /

% pa
. 0.8000 3
2 d
5
£ 0.7500
(a)

0.7000

1000 1100 1200 1300 1400

1500

Graph 1: Diffuse efficiency (calculated with ciratibn)
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Duffuser efficiency (calculated without circulation)
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Graph 2: Diffuse efficiency (calculated withoutaifation)

The results were represented in graphs and maxipuint was detectable on both

approximately at 1300 mm outgoing diameter of thiser. This optimum diameter is
a little bit less than the possible maximum (149@)mBut it is only the fluid
mechanical optimum. Naturally the economic optimarould be the building in of the
draft tube with smallest diameter. Therefore ourkvis economically advantageous
whereas it is not necessary to build in the possitximum magnitude.
Further possibility to optimize the system to optienthe magnitude of the vortex
(circumferential velocity) after the impeller (inlef the diffuser) with using the
calculated outlet diameter (1300 mm). Whereas {h@mization is multivariate and
prospectively non-linear thus the optimization die tdifferent variables are not
performable independently from each other. We asengyto accomplish further
calculation heranent. This micro-turbine is buikanwhile and it works adequately.
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