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Abstract— Cross Flow Turbine (CFT) known as a Banki turbine or an Ossberger turbine is usually used in the small

hydropower, because of its economical and simple structure.

This study develops a new kind of CFT suitable for very

low head and remote rural region which turbine researched barely before. The new design of the turbine is with open
duct inlet channel, without turbine guide vane and nozze for a more simple structure. The open duct inlet channel can
be also suitable in the remote rural region where there are some materials of sediment such as sand and pebble come
with flow from upstream that can cause break down. However, the CFT with open duct inlet channel and low head
show relatively low efficiency. Therefore, the purpose of this study is developing a new CFT and modifying the turbine
inlet open duct bottom line (IODBL) location and angle to improve the performance. The internal flow is investigated to
examine the influence of turbine shapes on the performance. The results show that an appropriate turbine IODBL
location and angle play an important role on improving the turbine performance, and there is significantly efficiency

improvement by optimizing turbine IODBL location.

Keywords— Cross flow turbine, very low head, open duct, tusine open angle.

1. INTRODUCTION

Cross Flow Turbine (CFT) also known as Banki tuebin
or Ossberger turbine is ideal turbine for the small

hydropower, because of its economical and simpler

structure. This study develops a new kind of CFThwi
free flow inlet channel and low head, without guidae
and nozzle for a more simple structure. The fresvfl
inlet channel can also be suitable for the rematalr
region where there are some sediment such as sahd a
pebble that come from upstream and enter the teirbin
structure. However, the CFT with free flow inletacimel
and low head show relatively low efficiency. Themef,

the purpose of this study is developing a new CRd a
improving the performance of turbine.

In order to increase the efficiency of turbine, som
present studies suggest a method of installingneanrial
deflector into the runner centre which can guide th
water flow to a correct angle to improve the perfance
by CFD analysis and experiment. The authors ingatsi
the influence of different shapes on the perforreaiite
results show that the CFT efficiency could be inwe
by use of a well-designed internal deflector [1]-[6

the chamber to suppress the negative torque where t

is hydraulic loss [7], [8]. On the other hand, Chkti al.

[9] performed the experiment and CFD analysis tm\st

the influence of nozzle shape, runner blade araybe,
unner blade number on the turbine performance, and
also examined the effect of air layer on the pentmce.

For the very low head CFT, the way of flow entrjoin
the runner is very important. Therefore, the lawatof
IODBL affects the performance of turbine signifidgn
In this study, a set of turbine IODBL locations are
determined to investigate the performance and the
internal flow of the very low head CFT.

2. METHODOLOGY
CFT Model

Figure 1 shows the schematic view of the new tygry v
low head CFT model. The structure of the turbine
consists of open ducted inlet water channel, ruramer
draft tube, but guide vane and nozzle, which aserple
structure for turbine. Turbine inlet channel is ophict,
which means that there is a free flow in the tuehimet
channel. The draft tube plays a role of reducing th

There is also new method to improve performance ofPressure of draft tube to suck the water into tebi

the traditional cross flow turbine by supplying &ito
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chamber. The water flow from turbine inlet chanisel
separated into two flows: one part of the watewfanto

the draft tube through the runner passage, whiokerts
the kinetic and pressure energy into the outputqraf
runner, and the other overflows into the downstreathn

the some materials of sediment, preventing damage t
the runner structure.

The turbine height is {ine = 5m, which also is the
draft tube length. The turbine head between thesmwat
level of upstream and downstream is H = 4.3m, wigch
very low in contrast to other typical cases of thelro
turbine.

The number of the blade Zs= 26. The diameter of the
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outer runner isD;=372mm; the inner diameter D,=
250mm; D,/D,~0.67. The runner blade inlet angle ¢
outlet angle ar@,;=33° andB,,=83°, respectively

Figure 2 shows the cases and parameters of diff
turbine IODBL location. To investigate aheffect of the
turbine I0DBL location on the performance, 5 Cagk
different turbine IODBL location are conducted.
changing the turbine 1ODBL location along w
changing the turbine open angle, the turbine opete:
is changed from 70° to 117°, atfte case is named fro
Cases 1 to 5, respectivelijhese 5 cases are conducte
the same rotational speed.
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]
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Fig.1. Schematic View of the CF.

Open duct

Water inlet Tnlet open duct bottem line
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Fig.2. Variation of turbine IODBL location .

Fig.3. Final Hexahedral Numerical Mesh of Near Areaof
the Runner.

24

Numerical Methods

CFD analysis is a usefubol for predicting hydrauli
machinery performancat various operating conditior
This study employs a commercial CFD code of ANS
CFX to conduct CFD analysis. As the direction
gravity is considered, the transient analysis witio
phase flow (water and air) is conducted. T

dimensional geometry dnmesh are applied in order
decrease the calculation time because the flowha
turbine can be assumed to be uniform of main st
direction which means no flow velocity component
the direction of the thickness.

Fig.4. Water volume fraction of CFT by CFD analysis (Case
3)

Table 1. Cases of different turbine IODBL locatior

Cases Open anglégpen[°]
Case 1 70
Case 2 88
Case 3 100
Case 4 109
Case 5 117

The boundary condition for normal speed is setliel
water flow at the inlet andutlet, and the velocity of
m/s is set for the air flow. The boundary conditiof
opening is set at the top of open duct and dowast
domain.

The final hexahedrahumerica mesh of near area of
the runner and the water volume fraction of CFT
shown in Figure 3 and Figure 4.

Phase change, heat transfer and mass transfetst
are neglected. The circumferential locatid) direction
is clockwise starting from the top of the runneor
convenience, the area of runner passage is divittec
four regions: Stages 1 and Region: 1 and 2. Stage 1
obtains first output power and Stage 2 takes tlcerst
output power. However, Regions 1 and 2 cons
output power by hydraulic loss.

3. RESULTS

Performance Curves of the Investigated Cross Flow
Turbine

Figure 4 shows the water volume fraction of CFT



Z. Chen, V. T. T. Nguyen, M. Inagaki, and Y.-D. Choi / GMSARN International Journal 9 (2015) 23 - 28

Case 3 by CFD analysitn this figure, the red part
water, and the blue part is air. Most water frorstrgam
is sucked into the draft tube, and also some v
overflows to downstream directly by the effect
gravity.

The draft tube is almost full with water. The upstm
and the downstream is free flow and there is a
surface between the air and water. In order to @&
the effect of IODBL location on the performancee
performance curves and internal flow are investid
The efficiency is determined based on potential
energy difference between upstream and downstrega
the following equation:

Tw
_ )
7= mHQ

wherey is the CFT efficiencyT is the output torquep
is the angular velocity of runneH is the turbine head
and also is the water leldifference between upstre:
and downstrean( is the water flow rate in through tl
draft tube.
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Fig. 5. Performance Curves of the Investigated Cross Rlo
Turbine.

Figure 5 shows the performance curves by the tai
IODBL location. All the data are normalized as shaw
Fig. 5. Case 1 is the original case. From Cases5l the
output power and flow rate increase along v
augmenting the turbine open an@ue, The present
CFD analysis [10] result shows that efficiency drayi
small and larger turbine open andypen, and turbine has
peak efficiency at the Case3. Larger turbine opsgles
Oopen is good for water flowing into the draft tube, &
contributes tagenerating more output power for turbi
A suitable locationof turbine IODBL at periphery ¢
runner gives a significant effect on the perfornes
improvement of this turbine. In order to examine
influence factor for the performance variation loé tery
low head cross flow turbine model, internal flow
investigated.

Velocity Vector and Pressure Contours

The tangential velocity in the blade flow passage s
important because it directly affects the ang

momentumof the runner and the output power of
cross flow turbine. In this study, the velocity t@con
the runner passage is investigated. Correspondirtigel
IODBL angle, Cases 1, 3 and 5 are chosen as ty
cases to investigate the internal flow inflced by
IODBL location on the periphery of runner. Figure
shows velocity vectors at Stage 1 and 2, and tesspre
contours at runner passage by the three typicadsc
From the figure of the velocity vectors, it can
observed that there is uniforrow at the Stage 1 of
runner passage in Case 1, but there are largeuating
flow at Stage 1 in Case 3. Larger turbine open&@@ogen
causes the hydraulic loss at Stage 1 by reciragdtow
that occurs to a large extent. However, at Stag#
runner passage, the velocity vectors show unif
outflow in Case3, but the flow in the runner pass
separate with thblade in Case 1, and the change in f
flow quite drastically between the three casesisl|
conjectured that this change at Stagesd 2 discussed
aforementioned affects the turbine performanceeas
by the performance curve.
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[Velocity vectors at Stage 1|[Velociy vertors at Stage 2 |
Fig. 6. Velocity Vectors at Stages 1 and 2, and Presst
Contours at Runner Passac.

[ Pressure contaurs |

From the pressure contours at runner passage sinc
Figure 6, there ests a high pressure region on -
pressure side of runner blades at the leadingiposif
the flow direction. The high pressure on the bl
pressure side mearthe power to the rotation of tt
runner. The more pressure difference between thae
presure and suction side, the more output powe
generated. The pressure distribution is relatiwslgn ai
blade pressure and suction side at Stage 1 in & asat
there exits obviously pressure difference at b
pressure and suction side in Case 1. ever, there is
contrary trend of the pressure distribution at 8tagThe
effect of increasing the turbine open angle g
obviously rising pressure difference at Stage 2,tba
effect at the Stage 1 is oppos

Velocity Triangle and Pressure Contours

For turbomachines, the water flow velocity triangle
the entrance and exit blade passage is a very ten
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factor that affects the performance of the crossv
turbine. In order to investigate the effect of ing
IODBL on the internal flow and pfrmance in detail
the velocity triangle on the runner periphery isaswged
Figure 7 presents the flow velocity triangle at

entrance of Stage 1 and the exit of Stage 2, am
velocity triangle on a blade of the cross flow o a is
the absol¢ angle that is between absolute velocity
and the runner tip velocity (up.is the relative angle th,
is between relative velocity (w) and the runner
velocity (u). Bp; is the inlet angle of blade. The pov
delivered from the fluid is thus [11EB] This is the
Euler turbomachine equation, showing that power
functions of runner tip velocities {¢) and the absolul
water flow tangential velocities (Y>). This equation i
assumed by neglecting the energy loss at runnder
passage betweaxit of Stage 1 and entrance of Sta¢

pw = m(ul\/ul - uzvuz) (2)
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Fig. 8. Velocity Triangle Distribution Curves.
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Fig. 9. Averaged Output Power Distribution Curve on the
Circumferential.
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In Equation (2) it can be seen that for maximunpaot
power, the absolute water flotangential velocity at
outlet of Stage 2 should )0, in which case th
absolute angle. = 90°.Moreover, for the water flow in
the runner passage, the relative aif should be close to
the blade inlet angl@,;. Figure 8 reveals the veloci
triangle distribution curves at the entrance ofySta anc
the exit of Stage 2, respectively. From the retatwngle
(p) distribution at entrance of Stage 1, it can tendha
the of Case 1 is the closestfg, there is no separation
flow between water flow and the blade surface ie
runner passage, this phenomenon is also proveidjumer
7. From Cases 2 to 5, the relative arg is farther away
from blade inlet angles,;, which means that larg
turbine open angle causes relative angle fartheyahe
best flow inlet angle. From the absolute anglexitt @&f
Stage 2, the absolute angle of flow has almosthamge
from the circumferential location of 1¢-220°, which
has most of the output power generated. The effiettte
turbine IODBL location is poor on the absolute angt
flow exit of Stage 2.

Output Power Distribution

The runner passage area is divided by four regtor
check the output power distribution onthe
circumferential. Figure 9 shows the averaged ot
power distribution on the circumferential by theuff
regions (Stages 1, 2 and Regions 1, 2). The tegdtive
power is the sum of the output powers at Regioasd
2, which are hydraulic loss byecirculating flow. The
total negative power keeps stable after Case 3,tlza
reduces rapidly from Cases 1 to 3. By opening then
angle, the hydraulic energy loss at Regions 1 arisl
suppressed effectively, but that impact becomedl sfr
the turbne with too large open angle. Therefore, €
though the relative angle of Case 1 is the closepy;,
here exists large extent of loss output at Regioasd 2.
Thus, the efficiency of Case 1 shows lower than tfi
Case 3. Moreover, the output povrises at Stage 2 for
larger open angle, but it reduces at Stage 1 exoe|
Case 1. The output power at Stage 1 in Case 1a$,:
so it is conjectured that the circumferential ranf€ase
1 at Stage 1 is the smallest one that contribitedeas
output power.

4. CONCLUSIONS

This paper presents the characteristic of a vesyHead
cross flow turbinewith open ducted inlet channel, t
performance and internal flow improvement
optimizing the IODBL location. The performance bé
turbine is improvedignificantly by a suitable location «
turbine IODBL at the periphery of the runn
The larger turbine open angle gives larger pres
difference at Stage 1 and reduces the recirculdtovg
at Stage 2. However, there is a large recirculdtmg at
Stage 1 when the turbine open angle and the waier
increase separately with the blade surface, whicsts
hydraulic energy loss.

The effect ofthe increase of the turbine open angle
the relative angle at flow entrance of Stage larsher
way from the blade inlet angle, but there exists a Ii
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extent of loss output at Regions 1 and 2 with large
turbine open angle. Thus, the efficiency of Cashdws
lower than that of Case 3.
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