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1 Available sizes1.1 PTU-250The PTU-250 has a pit
h 
ir
le diameter of 250 mm and 18 bu
kets. It 
an be equipped withthe following nozzlesNozzle #11 This is the standard nozzle of 11 % pit
h 
ir
le diameter (that is, 27.5 mm). Itgives optimum performan
e at the rated maximum �ow of the turbine.Nozzles #9 and #10 These are smaller nozzles for part-�ow 
onditions, still giving goode�
ien
y.Nozzles #12 and #13 Larger nozzles to allow more �ow at low heads, with slightly lowere�
ien
y. These nozzles should not be used above a 
ertain head (60 m for the nozzle#12, and 45 m for #13), where the e�
ien
y loss be
omes too great.To sele
t a turbine for a given site, the maximum available �ow rate and the net head mustbe known.1.1.1 Net head 
al
ulationThe PTU-250 
an use pensto
ks up to 150 mm diameter. Larger diameters are probably note
onomi
al sin
e the in
reased 
ost is larger than the net head gained by smaller losses. Thepensto
k usually enter the forebay about HI = 1 m below the water level and protudes somedistan
e into it. The free spa
e below the turbine must be HT = 2DP = 0.5 m at full �ow.The approximate pensto
k length 
an be found from �gure 1 for some 
ommon pensto
k bendangles. Figure 2 shows the net head than 
an be expe
ted for a given gross head.1.1.2 Nozzle sele
tionFigure 3 shows the maximum �ow and power depending on the available head for one andtwo jet variants of the PTU-250.
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P,2The diagram assumes the following e�
ien
y values:Manifold e�
ien
y ηman = 98 %Belt drive e�
ien
y ηdr = 95 %Generator e�
ien
y ηel = 75 %Turbine e�
ien
y ηT = 77 %From the diagram, the 
orre
t number of jets and size of nozzle for a given head and �ow rate
an be found. If there is no exa
t size of nozzle available, one size larger must be sele
ted.After sele
tion of jet number and nozzle size, the expe
ted maximum power 
an be estimatedfrom the diagram or 
al
ulated from the following equation:
P250 = (1.08 · 10−4)nJ S

2
√

H3
n (1)3



0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Hg [m]0

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

LP [m] angle 30◦angle 35◦

Figure 1: Approximate pensto
k pipe length for the PTU-250 in a standard installation as afun
tion of gross head (inlet height HI = 1 m, free height under turbine HT = 0.5 m)Sign Unit Des
ription
Hn m Net head
nJ � Number of jets
S � Nozzle size
P250 kW Turbine maximum powerThe maximum possible �ow in l

s
for a given number and size of jets is
Qmax = 0.02063nJ S

2
√

Hn (2)Examples A site has a net head of 65 m and a �ow rate of 40 l

s
. The 
orre
t sele
tion istwo jets with the nozzle #11, giving a maximum power of P250 = 13.69 kW. and a maximumpossible �ow of Qmax = 40.26 l

s
. Another site has 90 m of head, but only 35 l

s
of �ow available.Again two jets is 
orre
t, but the small nozzle #9 needs to be installed. This will make useof only Qmax = 31.71 l

s
, and produ
e P250 = 14.93 kW. 11A little more �ow 
ould be gained by installing one nozzle #9 and the other #10.
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Figure 2: Net head for the PTU-250 as a fun
tion of gross head (for nozzle size 11)1.1.3 Speed sele
tionThe speed of the PTU-250 is determined only by the net head:
N250 = 147.7

√

Hn (3)Sign Unit Des
ription
Hn m Net head
N RPM Rotational speedThis is the optimum speed, giving maximum e�
ien
y. It is possible to operate the turbineat 10 % overspeed and 15 % underspeed with very little loss in e�
ien
y. Figure 4 allows thesele
tion of a suitable speed to mat
h pulley sizes.A speed higher than 1500 RPM is not allowed be
ause it would pla
e very large stresses onthe runner of the turbine. The following table shows possible standard pulley sizes for given5
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Figure 3: Flow and maximum system power of the PTU-250 as a fun
tion of the availablehead 6



Net head Turbine speed Pulley A
tual turbine speed Max. power per beltTurbine pulley 10 in
h
15 m 572 RPM 4 in 585 RPM 3 kW
20 m 661 RPM 5 in 750 RPM 3.3 kW
30 m 809 RPM 6 in 900 RPM 4.4 kW
40 m 934 RPM 7 in 1050 RPM 5.6 kW
50 m 1040 RPM 7 in 1050 RPM 5.6 kW
60 m 1140 RPM 8 in 1200 RPM 6.7 kW
70 m 1240 RPM 9 in 1350 RPM 7.7 kW
80 m 1320 RPM 9 in 1350 RPM 7.7 kW
90 m 1400 RPM 10 in 1500 RPM 8.7 kW
100 m 1480 RPM 10 in 1500 RPM 8.7 kW
110 m 1550 RPM 11 in 1650 RPM 9.6 kW
120 m 1620 RPM 11 in 1650 RPM 9.6 kWTable 1: Alternator pulley diameter as a fun
tion of net head and turbine pulley diameterturbine speeds. This assumes a generator speed of 1500 RPM.2Examples The 65 m site of the previous example 
an be operated at 1200 RPM (always tryto operate at higher speeds if possible, sin
e this will redu
e losses in the pulley/belt system).The turbine will run very near to the optimum speed of N250 = 1191 RPM. The se
ond siteof 90 m head 
an be dire
tly 
oupled to the generator at 1500 RPM if operated at a slightoverspeed. The optimum speed would be N250 = 1401 RPM.

2Note that using the small 4.3 in pulley gives large bending stresses on the belt, giving a redu
ed lifetime.7
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Figure 4: Turbine possible speed range. The hat
hed areas indi
ate the appli
ation range for di�erent turbine pulley sizes
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