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Abstract : In order to improve the performance of cross—flow hydro turbine, detailed
examination of the effect of the turbine configuration on the performance is needed
necessarily. Therefore, this study is aimed to investigate the effect of blade angle on the
performance of the cross—flow hydro turbine. Analysis of the turbine performance with the
‘variation of the blade angle has been made by using a commercial CFD code. The results
show that inlet and outlet angles of runner blade give considerable effect on the

performance of the turbine.

Pressure on the surface of the runner blade changes

remarkably by the blade angle both at the Stages 1 and 2. Moreover, relatively small
blade inlet angle is effective to produce higher value of output power. Recirculating flow
In the runner passage causes remarkable hydraulic loss.

Key words : Cross-flow hydro turbine, Small hydropower, Blade angle, Performance,

internal flow

Symbols P
«
b : width of nozzle, runner and runner 7t
chamber (mm]
C, : pressure coefficient(={p-prer)/pgH) Iz
d ! diameter of runner (mm) U
H : effective head [(m])
n : rotational speed (min™) 4
N : unit rotational speed(=nd/~H) ¢
Npep * unit rotational speed at the best
 efficiency point b
p  static pressure (Pa]
DPrer - Teference static pressure at draft
tube outlet [Pa)
T Corresponding Author(Korea Maritime University,

Engineering, E-mail:lyh@hhu.ac.kr, Tel: 051)410-4293)

Division of Mechanical

: output power (W)

. volume flow rate (m?®/s]

radius from the center of runner

axis [m]

. outer radius of runner [m)

. absolute velocity of runner inlet at

Stage 1 (m/s)

. number of runner blade
. blade inlet angleat Stage 1 or outlet

angle at Stage 2 (7]

. blade outlet angle at Stage 1 or inlet

angle at Stage 2 ()

: fluid velocity [(m/s)

. efficiency
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o : peripheral blade position at Stage 1

O] passage average - averaged peripheral blade
passage position at Stage 1

6’2* . peripheral blade position at Stage 2

O passage average: averaged peripheral blade
passage position at Stage 2

p  density of working fluid (kg/m?]

Subscripts

11 : inlet of runner at Stage 1

12 © outlet of runner at Stage 1

r : radial component of velocity

€ : tangential component of velocity

1. Introduction

Recently, small hydropower attracts
attention because of its clean, renewable
and abundant energy resources to develop.
type 1is not

However, suitable turbine

determined yet in the range of small
hydropower. Relatively high manufacturing
cost by the complex structure of the turbine
1s the highest barrier for developing the
small hydropower. Therefore, a cross—flow
turbine is adopted to apply to the small
hydropower.

Previous studies by researchers for the
cross—flow turbine have tried to determine
the optimum configuration of the turbine
by experimental and numerical methods.
Mockmore et al.Phave used the methods
analysis

of one-dimensional theoretical

and experiment. Khosrowpanah et al.'?.
Abbas et al.™ and Desai et al." have tried
experimentally to improve the turbine
performance by modifying the shape of
flow passages or by applying devices to the

turbine. Moreover, Fukutomi et al.”™™

have demonstrated the effect of component
of the turbine
performance by series of studies using
methods.

Even though the previous studies have

parts on the turbine

experimental and numerical

found an approximate configuration of the
high

performance, there exists still plenty of

turbine shape to achieve
room for performance improvement.

Therefore, in this study, relations
between runner blade angle and turbine
performance are examined in detail using

CFD analysis.

2. Turbine model and numerical
methods

2.1 Cross—Flow Hydro Turbine Model

Fig. 1 shows the schematic view of
cross—flow turbine model which had been
used for experiment by Choi et al.”¥’ The
is Z=26. The

and

number of runner blade
widths

chamber are all same, b=150mm. As the

of nozzle, runner runner
main purpose of this study is to confirm
the effect of blade angle on the turbine
of the

turbine model is simplified by eliminating

performance, internal passage
guide vane at the inlet of nozzle and balffle
plate in the runner chamber. Flow passage
in the runner is divided into Stages 1 and
2 as shown in Fig. 2.

Five kinds of blade angle are selected by
changing the inlet and outlet angles of the
runner blade as shown in Table 1. Blade
angle of Case B has the same configuration

and size with that of the experiment{gj.
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Fig. 1 Schematic view of cross-flow hydro turbine
model

2.2 Numerical methods

For the

turbine performance and

of the
internal flow
characteristics by the blade angle at the
runner inlet and outlet, a commercial CFD
code ANSYS-CFX" is adopted. The grid
number of about 2x10° has been used as

numerical analysis

shown in Fig. 3. Fine hexahedral-grids are
employed for runner passage to ensure
relatively high accuracy of calculated
results and tetrahedral-grids are applied
to the other regions of the turbine.

As a k-o SST
turbulence Constant

turbulence model,

model is used.
pressure at inlet and averaged outflow at
outlet the adopted boundary
conditions. All the calculations for the test
cases by the variations of blade angle and
rotational speed are conducted under the

condition of steady state.

dre

In the case of working fluid, experi-
mental condition included water supply
from the turbine inlet and air supply from
the air suction pipe.
CFD analysis

condition of water supply only from the

However, present

is carried out under the

turbine inlet for the purpose of examining

the effect of hyvdraulic loss by the blade
angle in the runner passage on the turbine

performance.

3. Results and discussion

3.1 Performance curves

Fig. 4 presents performance curves of
the turbine model. The experimental result
is referred to that of Choi et al.”® and the
result is achieved under the operational
condition of water-air two-phase flow.
all the calculated
Cases A to E are received from CFD

However, results of

analysis under the condition of single-phase
flow of water.

Fig. 2 Blade angles and stages

Table 1 Runner blade angles at the inlet and outlet

of Stage 1
Inlet angle Outlet angle

Case o [°] G [°]

A 25 37

B 30 87

C 35 37

D 30 30

E 30 100
Therefore, as shown in Fig. 4, there
exists remarkable differences both of

efficiency(n) and unit power(P/dbEY?) by
the working fluid conditions.
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Fig. 3 Pressure pulsation at constant pressure
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Fig. 4 Performance curves
In spite of the differences by the

working fluid conditions, the tendency of
performance curves with the variation of
rotational speed indicates reasonable
agreement with each other in the cases of
efficiency and unit power.

The unit rotational speed at the best
efficiency point locates at the same range
of rotational speed (N/Npep=1.0) both in
the experimental and calculated results.
Moreover, it is evident that efficiency and
unit power vary with the variation of blade
angle from the result of CFD analysis. As
the inlet angle a of runner blade becomes
smaller from the Cases C to A, the

efficiency increases accordingly.
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3.2 QOutput power analysis

In order to examine the effect of blade
angle to the output power of the turbine in
detail, total output powers calculated for
the test cases are divided into each section
of the Stages 1 and 2 and recirculation

area as shown in Table 2.

Table 2 Change of output power by blade angle at
each section of runner blades (working fluid
: single-phase fluid of water)

Output power P(kW)
Case|Stage 1| Stage 2 Recirculation Total
area
A | 0321 0.234 -0.050 0.505
B | 0321 0.233 -0.065 0.490
C | 035% | 0149 -0.040 0.465
D | 0.268 0.269 -0.049 0.489
E | 0457 0.081 -(0.068 0.470

From the result of Table 2, it is clear
that the blade angle gilves large effect both
on the total output power and the local
output power. In order to increase the
output power by optimum configuration,
inlet blade angle should be relatively small
but the blade angle should be determined
to make the balance of generated value of
output power at each local runner blade.
As a whole, output power ratio at Stage 1
keeps almost over 60% of total output

power. Therefore, configuration of blade
angle should be designed to increase the

output power effectively at Stage 1.

3.3 Velocity vectors and distributions

in the
internal flow field of the turbine model. As

Fig. 5 shows velocity vectors
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a whole, fluid velocity becomes accelerated
along the contracted nozzle passage from
the turbine inlet. After passing through
the in the Stage 1,
cross—flow within the runner
accelerated velocity once more and then
the flow enters to the inlet of the Stage 2.
In the runner passage, there exists a large
in the
recirculation area. The recirculation flow
generates

runner passage

gains

recirculating flow as indicated

considerable loss of

output
power as shown in Table 2. Therefore, the
reason of large difference of efficiency and
unit power by the working fluid conditions
in the Fig. 4 can be explained by the
recirculating flow.

As a usual method® of suppressing the
recirculating flow, air layer is put into the
runner passage by supplying air from the
alr suction pipe as shown in Fig. 1.

Fig. 6 indicates the velocity distribution
at the inlet and outlet of Stages 1 and 2.
Tangential velocity component ve at the
Inlets of Stages 1 and 2 decreases after
passing through the blade passage and
then, the tangential velocity at the outlet
of Stage 2 becomes near 0.

However, radial velocity component v,
which is related to the flow rate passing
through the runner passage, maintains
almost same velocity distributions at each
stage. the

tangential velocity distributions at each

Therefore, variation of
stage lmplies that the angular momentum
of the fluid velocity is consumed by the
runner blade and

changed to output

power.

Fig. 7 shows tangential velocity distribu-
tions by runner blade angle at Stages 1
and 2, respectively. Most high tangential
velocity distribution at the blade inlet and

outlet of Stage 1 is found at Case A among
the the higher
velocity results in the more output power,

cases. As tangential
the tangential velocity distribution have
reasonable agreement with the output
power in Fig. 4. Therefore, this result
means that relatively small blade inlet
angle is effective to produce higher value

of output power.

3.4 Pressure distributions on the runner blade

Fig. 8 shows the static pressure contours
in the turbine flow passage. Turbine inlet
the
passage but the pressure at the nozzle

pressure decreases along nozzle
outlet 1s distributed almost the same along
the entry arc of runner inlet in the Stage
1. The fluid pressure passing through the
passage of runner blades at Stage 1 drops
rapidly.

From this result, it is obvious that the
fluid pressure passing through the passage
of runner blade is taken by the runner
blades and the pressure is converted to
output power.

In addition, very low pressure region 1s
located in the recirculation area in which a

large vortex is found as shown in Fig. 5.

Velocity in Stn Fr X
YVector 1}
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Fig. 5 Velocity vectors within the internal flow field
(Case B, N/Nbep=1.0)
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Fig. 6 Velocity distribution at the inlet and outlet of

each stage
30
25
2.0
1.5
= ;
%1.0 £y iy W T aman
0.5 =2l
—e— Case A —0— Case A
0.0 1 VeV~ CaseB Ve/Y —— CaseB
—&— Case C —5— Case C
0.5 —ié— Case D —=— Case D
—o— Case E —<— Case E
'1 .0 T T 3 T
0.0 0.2 0.4 0.6 0.8 1.0
*
o

1 passage average

Fig. 7 Tangential velocity distributions at Stagel
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Fig. 8 Pressure contours within the flow field (Case
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Fig. 9 Pressure distributions on the blade surface at
Stage 1

Fig. 9 show averaged pressure distribu-
tions on the surface of runner blade by
blade angle at Stage 1. As the closed area
filled with the
proportional to the output power of the

pressure curve is
turbine, the wider area by the pressure
curve can contribute to the more output
power.

Fig. 9 shows averaged pressure distribu-
tions on the surface of runner blades by
blade angle at Stage 1. With the variation
of blade angle, pressure distribu- tion
changes remarkably.

Especially, the Case E shows the largest
area which is filled with the pressure
curve. Therefore, it can be thought that
the output power generated by the highest
pressure by Case E compensates the low
output power generated by the relatively
low tangential velocity as shown in Fig. 7
and then., the total output power keeps
relatively low value among the test cases

as shown in Fig. 4.

4. Conclusions

The effect of runner blade angle on the
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performance of a cross-flow hydro turbine
1s examined In detail. From the results of
the present study, the following conclu-
sions have been obtained.

1. Runner blade angle gives large effect
on the performance of a cross-flow hydro
turbine. Hspecially, relatively small blade
inlet angle is effective for the improvement
of the turbine performance.

2. Relatively high tangential velocity
distribution at the blade inlet and outlet of
Stage 1 is found in the case of relatively
blade
relatively

angle. Therefore,

blade
effective to produce higher value of output

small inlet

small Inlet angle is

power.

3. Pressure on the surface of the runner
blade is

change of blade angle at Stage 1.

sensitive considerably to the

4. As recirculating flow in the runner

passage causes considerable hydraulic
loss, efficiency and output torque of the
turbine decreases remarkably. Therefore,
alr layer in the runner passage can be a
effective method to suppress the recircula-

ting flow.
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