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Optimum Design Method of a Tubular-type Micro Hydro
Turbine using Differential Pressure in Water Pipe System

Yeong Cheol, Hwang

Department of Marine System Engineering
Graduate School of Korea Maritime University

Abstract

The world is now facing a serious energy problem. Mass consumption of fossil
fuel such as oil and coal causes global warming and the environmental problems
due to acid rain. To deal with this problem, the hydropower should occupy the
attention of the electric power generation systems as clean and cool energy sources
with highest density. However, suitable turbine type is not determined yet in the
range of micro hydropower(less than 100kW) and it is necessary to study for the
effective turbine type.

According to the recent study results related to the small hydropower
development, wasted energy by pressure reducing valve at the end of the pipeline
can be extracted by using a small hydropower turbine. Main concept of using the
small hydropower turbine is based on using the different water preassure levels in
pipe lines. A propeller type hydropower turbine, which is called as tubular turbine,
has been used in order to use this renewable differential pressure energy.

Conventionally, tubular turbine has been used in the range of relatively low



head of below 10m. However, in order to widen the operating range of the

turbine, the purpose of this study is focused on the developing a new design

method of the tubular turbine which can be used in the range higher than the

head of 10m.

Moreover, this study is aimed to propose a optimum design method which can

be applied to the design of the tubular turbine using differential pressure in the

water supply system. The reliability of the proposed design method can be acquire

by theoretical analysis , CFD analysis and experiment for a tubular turbine model.

According to the present study, the results are obtained as followings.

&)

()

Operational range of tubular turbine head using differential pressure in the
water supply system can be extended to over 10m by the adoption of
variable vane angle of the turbine runner.

Best turbine efficiency by an opening angle of the runner vane, which is
estimated by optimum design method, agrees well with the result of CFD

analysis for the tubular turbine efficiency.

(3) In the head range over 10m, optimum operational condition can be obtained

(4)

by using 4 pieces of runner vane according to the present design method.
Similarity law of the tubular turbine performance can be confirmed by the

two turbines, which are designed by the present optimum design method.

The design points of the turbines are flow rate Q=0.215m3/ s, effective

head H=15m for the actual sized turbine and flow rate

Q:0.1043m3/ s, effective head H=2.59m for the turbine model.

(5) Application of servo motor for the variation of runner vane opening angle

allows to extend the operational condition of the tubular turbine for the

expected small hydropower resources.



Nomenclature

D, : diameter of runner

H : effective head

n : rotational speed

n,; © unit rotational speed

p : static pressure

P : output power

QO : volume flow rate

Q.. design volume folw rate

(;; : unit volume folw rate

T : torque

n : efficiency

[mm]

[Pa]
[W]

[m3/ s]

[m3/ s]
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Fig.2.6 Configuration of test facility for the turbine model
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Fig.2.8 Load test panel
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Fig.3.1 Computational mesh of test tubular turbine

21



Fig.3.2 Shape of test runner vanes
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Fig.3.6 Connection with runner and boss by pin hole
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Fig.3.7 Shape of the guide vane and link system
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Fig.3.8 Shape of the runner
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Table 3.1 Measurement results by blade number 3

R\lflggg ' C\;/%lr?: Il?il%)tvg I—%?na)d O(lf{tv%l)lt Torque O?l%:r)l ut E—f Ellg 31/'6
Angle Angle (m“/h) (kW) (%)
20 534 3.3 3.79 1.02 2.8 73
30 531 4 4.63 1.14 3.2 69
15 40 519 4.7 5.51 1.21 3.6 65
50 506 6 7.04 1.31 3.8 53
60 476 8.3 8.57 0.96 2.6 30
20 539 2.8 3.08 1.77 2.4 77
30 534 B 0N 3.63 1.98 2.7 74
20 40 523 4.1 4.7 2.16 3 63
50 508 5.4 6.23 2.39 3.5 56
60 476 7.7 8.16 2.29 3 36
20 o544 2.63 2.66 0.66 1.8 67
30 o041 3.1 3.24 0.85 2.2 68
25 40 532 4 4.34 1.11 3 69
50 513 5.3 5.86 1.17 3.2 o4
60 479 8 8.22 1.17 3.4 41
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Table 3.2 Measurement results by blade number 4

R\lflggg ' C\;/%lr?: Il?il%)tvg I—%?na)d O(lf{tv%l)lt Torque O?l%:r)l ut E—f Ellg 31/'6
Angle Angle (m“/h) (kW) (%)
20 527 4.5 5.02 1.27 3.8 75
30 521 4.9 5.71 1.34 4 70
15 40 511 5.7 6.4 1.56 4.8 75
50 498 6.7 7.6 1.73 5.66 72
60 465 9.1 10 1.72 5.6 56
20 532 3.4 3.9 2.06 2.7 74
30 524.5 4 4.57 2.29 3.3 72
20 40 516 4.8 5.48 2.62 4 72
50 501 5.9 6.83 2.94 4.6 67
60 477 7.9 8.96 3.2 5.1 56
20 540 3 3.23 0.9 2.4 74
30 535 3.8 4.22 1.05 3 71
25 40 525.5 4.6 5.15 1.21 3.6 70
50 504.3 5.9 6.59 1.37 4.2 63
60 477.5 8.1 8.84 1.49 4.6 52
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Table 3.3 Measurement results by blade number 5

R\lflggg ' C\;/%lr?ee Il?il%)tvg I—%?na)d O(lf{tv%l)lt Torque O?l%:r)l ut E—f Ellg 31/'6
Angle Angle (m“/h) (kW) (%)
20 515 5.2 6.03 1.4 4.2 69
30 508.2 5.8 6.64 1.51 4.8 72
15 40 500.9 6.7 7.64 1.74 5.6 73
50 484 7.9 8.83 1.87 6.2 70
60 456 9.5 10.3 1.99 6.6 64
20 526 4 4.72 2.26 3.2 67
30 518.6 4.5 5.36 2.55 3.8 70
20 40 509 5.3 6.37 2.95 4.6 72
50 492 6.6 7.64 3.36 5.4 70
60 465 8.6 9.75 3.56 5.8 60
20 535 3.5 3.78 1 2.8 74
30 529 4.1 4.46 1.09 3.2 71
25 40 ol7 4.9 5.49 1.31 1.9 69
50 504 6.2 7 1.48 4.6 70
60 467 8.52 9.28 1.75 5.6 60
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Fig.4.2 Drawing of runner blade
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