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wider range of head and ow discharge values from low to medium
values, thus why they are mostly applicable to micro- hydropower
systems in developing countries like that of Hhaynu micro-hydropower
plant in Mbulu, Tanzania as shown in Figure 2 below.

Materials and Methods
Turbine transmission

e micro-hydro turbine transmission involved the turbine
rotational speed in RPM and also transmission speed ratio between the
turbine and generator pulleys.

Turbine speed: Cross ow turbines use pulley and belt as the
transmission drive from the turbine to the generator unit which means
that the turbine speed is usually lower than the generator speed. In
calculating the generator speed the following formula (1) is used [4].

_ (Hg)0.745
N =513.25% 1
N @

Where; N=Turbine speed in RPM, Hg=Gross head (m) and
Pm=Mechanical/Turbine Power (kW)

So, substituting the values we get;

0.745
N = 513.25x& =513.25%1.234
\J79.5

N=633.30 RPM

Choose the value of the turbine speed to be 635 RPM (satisfying
the condition that turbine and generator speed ratio should be between
2-3) [5].

Turbine- generator speed ratio:

. Generator speed
Speed ratio= —p
Turbine speed
1500 RPM
=———=2.3622
635 RPM
us the Turbine- Generator speed ratio is 1:2.3622 (Table 1).
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Figure 3: Turbine shaft diameter.

Figure 4: Turbine runner outer diameter.

_ 230mm

shaft

Figure 5: Turbine runner length.

te=0.087 x 315 mm=27.405 mm = 28 mm
Take standard blade spacing value of te==28mm

Turbine runner tangential spacing and runner blade number:
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Vj =/2x9.81x 25 =/490.5 = 22.147m /s
Vj=22.147 m/s

us, the water jet velocity, Vj is 22.15 m/s
Turbine arc length:
TxRcxQ°

earc length (S)=rQ = 180

(12)

0
M 65.132 mm
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to the turbine passes through the penstock pipe and is given by the
following equation (18):

Q=AV (18)
Where;

Q=water ow discharge, A=penstock pipe area and V=water ow
velocity

Making V the subject from the above equation gives (19);

—g: 4XQ
- A 7d? (19)
_ 4><0.452 _ 1.8 ~27001

7x(0.46)>  0.664424

Water ow velocity V in the penstock is 2.7 m®/s [Recommended
water ow velocity in the penstock pipe range
between 1 m/s—2.8 m/s] [8].

Area of the penstock pipe: Area of the penstock pipe is given by the
following equation (20);

2
A= 7x(d) (20)
4
A:M:o,lss

erefore, the computed area of the penstock is 0.166 m?

Penstock head loss: Head loss in the penstock can be calculated
using the following equation (21):
2 2
Head loss= M xLp (21)
D
Where; n=Manning value, Q=Design ow discharge, Dp:Diameter

of the penstock and Lp:Length of the penstock

10x(0.012)*x(045)°

: 162
(0.46)

Head loss=

=0.014158 x 162 m =2.294 m
Head l0ss=2.29 m
erefore, the net head is given;
Net head=Gross head — head loss=25 m —2.29 m=22.71m
Net head is 22.71 m.

Percentage of head loss:

Head loss
%Head loss=———— 22
Gross head (22)

2.29mm

%Head loss= =0.0916

Head loss=9.16 %

e recommended economical head loss for most small hydropower
schemes should be below 10% (Table 2) [9].

Pulley and belt design

In order to calculate the pulley and belt parameters, the following

standard values have been selected based on the turbine and generator
design calculations:

Turbine design parameters:

@
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Turbine pulley belt speed

e turbine velocity is given with the following equation (25):
Velocity:%xw (25)
Where; wis the rotational turbine speed given as (26);

27N
W=—— 26
60 (26)

Velocity= 0-355 X JT X 63;(’)80 =11.77m/s
(OK because <40)

erefore the belt velocity of the turbine pulley is 11.17 m/s.
Belt centre distance
Centre distance C is calculated as follow;
C=d+D=150 mm+355 mm=505 mm
But the exactly centre distance can be calculated using the following

formula (27);
C=A+JA’-B (27)
L
A=—-—(d+D
But A=~ (d+D)
_ 2
and B= (D-d)
Taking L=1825 mm and substituting the values to the above A and
B equations gives;
182
A= —84 > —%(150 +355) = 258,0375mm
_ 2

B= w =5253.125mm

en, C =258.037 +\/(258.037)2 -5253.125 =505.6869mm

erefore the actual centre distance for the belt is 505.69 mm.
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