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Abstract: This study aimed to enhance a micro hydroelectric generator system driven by free-flow
vortex and to compare efficiency of Propeller and Crossflow turbines. Series of turbines in each type
were designed and tested at water-flowrate of 0.02 m3/s. The turbine housing has 1 meter in diame-
ter and 0.5-meter height with 2 meters outlet drain at the bottom. The best efficiency extracted from
Crossflow turbines with the same height (0.3 meter) but different in diameter (0.4, 0.5, 0.6, and 0.7
meter) and numbers of blade (12, 18, 24, 30, and 23) was from an 18 blades turbine at 23.01% of
efficiency. The best efficiency extracted from Propeller turbines with 5 blades was from a 0.4-meter-
high turbine with a diameter of 0.7 meter at 13.92% of efficiency. There were 12 Propeller turbines
designed in this study. They were different in height (0.2, 0.3, and 0.4 meter) and, in each height,
0.4, 0.5, 0.6, and 0.7 of diameter was applied. The result revealed that Cross Flow turbine had more
efficiency to the system than Propeller turbine (9.09%) at the water-flowrate of 0.02 m%/s

Keywords: Gravitational vortex; Free-flow vortex; Cross flow turbine; Propeller turbine.

1. Introduction

From studies, situations, and problems of power consumption from around the
world today, there will be power shortages as well as a massive pollution impacts in the
near future. Hence, alternate sources of power are widely concerned. Hydropower, for
instance, is one of best choice to be an alternative energy. It is also considered to be “clean
energy” without any harms to the environment. There are also many research and devel-
opments on Hydroelectricity innovations in transportation business and power indus-
tries.

Recently, because 71% of the earth surface is covered with water, Hydroelectricity is
one of the most interesting technology for harvesting unlimited power from natural water
sources as well as harvesting power from the sun and the wind. Moreover, water is one
of the cheapest sources of power that emits 0% of carbon-dioxide [1]. A micro generator
system from waterpower can be designed to generate enough power for houses, a planta-
tion, and a small village [2]. One important advantage of this micro-power generator sys-
tem is that the electric power output can be predicted due to the weather forecasting [3]
and it has positive impact on the environment [4]. This has stirred up wide interests in
seeking the most efficient technology to gather power form water sources. Although, there
are plenty of huge practical hydroelectric power plants all around Europe, yet they're still
considered to be harmful to the environment [5]. Hence, harvesting electric energy from
small and all-year free-flow water sources becomes an alternative way in finding super
clean energy. Now, there are two ways of producing electric power from small water
sources: Bypass method and Open Canal method. The Bypass method channels or by-
passes water from an irrigation canal into a power generator system. The Open method is
to install a power generator system into a canal. The advantage of Bypass method is that
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the expelled water from the system goes directly back to the canal and later can be con-
sumed or used. Many researchers and inventors are now interested in this method. They
are now applying free-flow vortex pattern as a source of kinetic power to drive the gener-
ator. The kinetic power is generated from the vortex that flows vertically from above
through Gravitational vortex power turbine in a cylinder-shaped housing with a drainage
at the bottom. This system can obviously speed up the water flow and transform it into
kinetic power to propel the turbine [6-7]. Franz Zotloterer is the first one among inventors
in this field of study to develop vortex powered generator [8]. He has built the Low-head
Power Plant driven by kinetic power from free-flow vortex through cylinder-shaped hy-
droelectric generator.

This study aimed to enhance a micro hydroelectric generator system driven by ki-
netic power from free-flow vortex. Two types of turbines (Propeller and Crossflow) were
designed to the system and tested to identify theirs’ efficiency. Bypass method was ap-
plied to feed free-flow vortex to the system [8].

The researcher has designed a system that controls water-flow activity for the gener-
ator. To induct more water flow speed to the system, an inlet (water path) with narrowed-
angle end was designed (see figure 1). The generator had a cylinder-shaped housing with
1 meter in diameter and a round-shaped drainage (0.2 meter in diameter). This design has
been proved to induct vortex at the fastest speed [9]. With the design of the water flow
activity, the earth gravity was also applied to boost up vortex speed inducted from low-
head water sources [10-11]. These had created sufficient kinetic energy to propel the tur-
bines tested in the system.

There are numerous researches about factors that affect hydroelectric power gener-
ator system from free-flow vortex [12] such as (1) the turbine housing design [13-14], (2)
the proper turbine type for free-flow vortex [15-16], best turbine materials [17], number of
propeller bade (5 blades) that achieves most efficiency [15], and (3) other factors involving
Fluid Dynamics studies that effect generator system efficiency [18-20]. A study on effi-
ciency comparison between two types of turbine blade used in hydroelectric power gen-
erator system is a practical add-on to enhance the system for better outcome.

2. Materials and Methods

Figure 1. Working diagram

This research was carried out by creating free-flow vortex simulation with a reservoir
as a water source. Water inlet was designed to channel the water from a water tank and
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create vortex force into the generator [15-20]. The cylinder-shaped turbine housing was 1
meter in diameter and the height was 0.5 meter with the 0.2-meter round-shaped drainage
at the bottom. The water flow rate of the system ranged from 0.2-0.6 m?/s was adminis-
tered by an adjustable water pump. The series of turbine from each type were hooked up
to a transmission that linked to a power generator and a device that can read power out-
put. The turbine testing procedures were performed as follow:

Figure 2. The free vortex hydro power plant.

1. Twelve Propeller turbines that had 5 blades were created (see figure 3). They were
divided into three different heights of 0.2, 0.3, and 0.4 meter. At each height, there were
four different turbines according to theirs” diameter (0.4, 0.5, 0.6, and 0.7). Then, the twelve
propeller turbines were installed into the simulation. All of them were tested at different
water-flow rate of 0.2, 0.3, 0.4, 0.5 and 0.6 m%/s respectively to identify rpm, water height,
voltage, and electric current to access waterpower, power output, and overall efficiency.

Figure 3. The Propeller turbine tests.

2. Crossflow turbines were created (see figure 4-5). All four turbines in the initial
designing stage had 24 blades. Each one was different in diameters (0.4, 0.5, 0.6, and 0.7
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meter) with 0.1-meter blade width [21] and 0.3-meter turbine height. The four turbines
were installed into the simulation. All of them were tested at different water-flow rate of
0.2,0.3,0.4, 0.5 and 0.6 m%s respectively to identify rpm, water height, voltage, and electric
current to access waterpower, power output, and overall efficiency. When the size of the
most efficient Crossflow turbine is identified, the numbers of its’ blade had been de-
creased and added up to 18, 24, 30, and 36 blades respectively. Then, they had been tested
through the same method to identify theirs’ efficiency.

24 blades

N (i

%

o 4
30 blades 36 blades

Figure 4. Number of turbine blades used in the test.

Figure 5. The size of the turbine used in the test.

The most efficient turbines from each type were identified at this point. They had
been tested and evaluated in the same setting with the same factors so their performances
could obviously be observed.

The Respond Surface Methodology (RSM) was applied in this research to find appro-
priateness in the process. RSM is renowned and widely used in many laboratory experi-
ments to find out correlation between independent and dependent factors by forming
equations to simulate the experiment. Moreover, it can better provide levels and degrees
of independent factors with satisfy accuracy.
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The appropriateness of the blade number was identified by RSM: Second Order
Model which was less complicated and less intricate than other RSM models [22]. The
equation can be shown as follow:

Y = Bo+ They Bixi + Ty Bux? + X XK Byxixy + € (1)

When “y” is dependent factor, x; is factor i; i =1, 2, ..., k, “k”is all factors, S, isy

intercept, Y¥ ,Bix; is Linear Effect, K  Bux? is Quadratic effect and
XK 41 Bijxix;  is Cross product effect.

From research on Hydroelectric generator system driven by Vortex force [15-20], wa-

terpower equation is shown as follow:
P = pgQH @)
Power output equation is shown as follow:
P, =EI 3)

The values from each equation above are processed to verify corelated system effi-
ciency by equation shown as follow:

Pe
=3,

4)

When p = water density (1,000 kg/m*), g = acceleration from gravity (9.81 m?/s),
Q = flowrate (m*/min), N = revolutions of the shaft (rpm), H = water head (m), E = voltage
(volt, V), I = current (Ampere, A) and P, = electrical power (Watts, W).

3. Results

3.1. Propeller turbine
The result from 12 Propeller turbines testing at different water-flow rate ranged from
0.2- 0.6 m3/s is shown as follow:

Table 1. Test results for a turbine with a diameter of 0.5 meter.

Q Efficiency (%)

(m3/s) H=0.2 (m) H=0.3 (m) H=0.4 (m)
0.02 7.1 9.56 9.93
0.03 9.47 11.33 10.57
0.04 11.2 12.47 12.08
0.05 9.47 9.9 10.05
0.06 8.83 8.98 8.81

The most efficient turbine (12.47% of efficiency) has 0.5-meter diameter with 0.4-meter

height. It was tested at the water-flowrate of 0.4 m?/s.
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Table 2. Test results for a turbine with a diameter of 0.6 meter.
Q Efficiency (%)
(m3/s) H=0.2 (m) H=0.3 (m) H=0.4 (m)
0.02 10.12 10.49 11.79
0.03 10.75 11.2 12.62
0.04 12.07 12.08 12.15
0.05 9.75 9.54 9.83
0.06 8.62 7.81 7.96

The most efficient turbine (12.62% of efficiency) has 0.6-meter diameter with 0.3-meter

height. It was tested at the water-flowrate of 0.3 m3/s.

Table 3. Test results for a turbine with a diameter of 0.7 meter.

Q Efficiency (%)

(m?/s) H=0.2 (m) H=0.3 (m) H=0.4 (m)
0.02 12.49 12.53 13.92
0.03 11.67 11.96 12.99
0.04 10.83 10.13 10.14
0.05 8.49 8.02 7.87
0.06 7.43 6.94 6.1

The most efficient turbine (13.92% of efficiency) has 0.7-meter diameter with 0.4-meter

height. It was tested at the water-flowrate of 0.2 m?/s.

Table 4. Test results for a turbine with a diameter of 0.8 meter.

Q Efficiency (%)

(m3/s) H=0.2 (m) H=0.3 (m) H=0.4 (m)
0.02 13.04 13.07 13.35
0.03 12 11.8 11.59
0.04 9.79 9.35 8.74
0.05 7.67 74 6.7
0.06 6.29 6.06 4.9

The most efficient turbine (13.35% of efficiency) has 0.8-meter diameter with 0.4-meter

height. It was tested at the water-flowrate of 0.2 m?/s.

The data from table 1- 4 reveals that the Propeller turbine with 0.7-meter diameter and
0.4-meter height has 13.92% of efficiency at 0.2 m3/s of water speed. It can be explained that
increasing turbine’s height and diameter ranged from 0.5-0.7 meter creates more blade’s
surface. With more blade’s surface, the turbine can handle more force and more flow speed

of the vortex [15]. This increases the efficiency of the system. Although Propeller turbine
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with 0.8-meter diameter has the most blade’s surface, there is an amount of resistant force
from the housing wall against the turbine. This is due to the closer gap between the edge of
the blade and the housing wall. So, the Propeller turbine with 0.8-meter diameter and 0.4-
meter height has less efficiency than the one with 0.7-meter diameter at the same height

because of this reason (see Figure 6).
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Figure 6. The experimental results of the efficiency obtained when changing the num-

ber of turbine blades
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Figure 7. The Respond Surface Methodology (RSM) of Propeller turbines.

The Propeller turbine size that can achieve most efficiency from free-flow vortex is
determined by the following RSM equation:
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Y =-27.2516+645.7888x,+32.579x,+71.024x5-0.0030649x%-0.1x%-29.667x3-
301.25x,x5-643.433x,x3-29.56x, x5 5

When Y = overall efficiency, x_1 = water flowrate, x_2 = blade’s height, and x_3 = tur-
bine’s diameter

From the RSM equation result, Figure 7 indicates that the best blade surface providing
most efficiency comes from the Propeller turbine with 0.78-meter diameter and 0.4-meter
height at 0.02 m?%/s water flowrate. The dark red area shows the highest value. The proper
diameter length and proper water flow rate within the system can obviously increase the
overall system efficiency.

3.2. Crossflow turbine

4 Crossflow turbines with 24 blades and same height (0.3 meter) were tested at water
flow rate ranged from 0.02-0.06 m?/s. Their diameters are 0.4, 0.5, 0.6, and 0.7 meter and
the overall efficiency is shown in table 5.

Table 5. The Crossflow turbine at a height of 0.3 meter and has 24 blades.

Q Efficiency (%)

(m3/s) D=0.4(m.) D=0.5(m.) D=0.6(m.) D=0.7(m.)
0.02 21.91 21.78 9.17 4.05
0.03 19.63 12.00 5.18 2.49
0.04 18.35 9.79 3.62 1.68
0.05 15.7 8.24 3.14 1.43
0.06 13.05 7.34 2.99 1.39
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Figure 8. Experimental results of the efficiency obtained when changing the diameter
of the turbine.
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The Table 5 indicates that 24 blade Crossflow turbine with 0.3-meter height and 0.4-
meter diameter can achieve 21.91% of efficiency at 0.02 m3/s water flowrate. This causes
by the generator configuration. The turbine housing was laid vertically so the water
flowrate was boosted up by the earth gravity. The design of the water flow activity within
the system also increased the water flow speed as the speed of water flowing through the
drainage is faster than the one flowing through the middle part of the generator. The tur-
bine was mounted 0.02 meter high above the drainage to allow the turbine to get full im-
pact from the vortex. Moreover, the height of the turbine and vortex head were equal
letting the vortex to cover all the blades’ surface (see Figure 8).

The Crossflow turbine with 0.3-meter height and 0.4-meter diameter was divided
into 5 according to the number of the turbine blade (12, 18, 24, 30, and 36). They were all
tested at the water flowrate ranged from 0.02-0.06 m?/s. Result is shown in Figure 9.

25

1 (%)

— @ 12Dblades.
10
—a&— 18 blades.
--<@-- 24 blades.

30 blades.

—4&— 36 blades.

0 0.01 0.02 0.03 0.04 0.05 0.06
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Figure 9. The experimental results of the efficiency obtained when changing the num-
ber of turbine blades.

The Figure 9 reveals the correlation between overall efficiency and water flowrate
ranged from 0.02-0.06 m3/s. The 18 blades Crossflow turbine achieved most efficiency
(23.01%) at 0.02 m?%/s water flowrate. From the testing, the result shows that number of
blade effects overall efficiency of this vortex driven generator [15]. Adding more blades
to the Crossflow turbine decreases overall efficiency. Although more blades provide more
impact surface, the water flow is limited by the close distance between the blades. When
number of blades was set to 12 and 18, the turbines had more distance between the blades.
So, in conclusion, the 18 blades Crossflow turbine could achieve the most efficiency be-
cause the distance between blades matched with the water flow rate.

The Crossflow turbine size that can achieve most efficiency from free-flow vortex is
determined by the following RSM equation:

Y = -91.1990+949.5214x, +169.555x,+5.1196x5-82.1500x2-6.40499x2-640.5000x2  (6)

When Y = overall efficiency, x_1 = water flowrate, x_2 = blade’s height, and x_3 =
turbine’s diameter.
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Figure 10. The Respond Surface Methodology (RSM) of Crossflow turbines.

From the RSM equation result, Figure 10 indicates that the best blade surface provid-
ing most efficiency comes from the Crossflow turbine with 0.4-meter diameter and 0.3-
meter height at 0.02 m%'s water flowrate. The dark red area shows the highest value. The
proper diameter length and proper water flow rate within the system can obviously in-
crease the overall system efficiency.

3.3. The comparison

4 Crossflow turbines with 24 blades and same height (0.3 meter) were tested at water
flow rate ranged from 0.02-0.06 m?/s. Their diameters are 0.4, 0.5, 0.6, and 0.7 meter and
the overall efficiency is shown in table 5.

25
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Figure 11. Compare the maximum efficiency of both types of turbines.
Testing all of turbines in the same setting (vortex driven generator system) reveals

that 5 blades Propeller turbine with 0.4-meter height and 0.7-meter diameter [15] achieved
most efficiency of 13.92% at 0.02 m3/s water flowrate. On the other hand, 18 blades


https://doi.org/10.20944/preprints202110.0217.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 October 2021 doi:10.20944/preprints202110.0217.v1

11 of 12

Crossflow turbine with 0.3-meter height and 0.4-meter diameter achieved most efficiency
of 13.92% at 0.02 m3/s water flowrate (see Figure 11).

4. Discussion and Conclusions

Verifying the right turbine size that matches the turbine housing design significantly
effects the overall efficiency of the Hydroelectric generator system driven by vortex. This
research discovers that 5 blades Propeller turbine with 0.4-meter height and 0.7-meter di-
ameter achieved 13.92% of efficiency at 0.02 m?3/s water flowrate whereas 18 blades Cross-
flow turbine with 0.3-meter height and 0.4-meter diameter achieved 13.92% of efficiency
at the same water flowrate. At 0.02 m3/s water flowrate, the Crossflow turbine has more
overall efficiency than Propeller at 9.09%. From the comparison result of the two turbines
used in 0.5-meter-high cylinder-shaped generator housing, turbine types, turbine size
(height and diameter), number of blades, and water flowrates are key factors that affect
the overall efficiency. The Crossflow turbine can achieve more efficiency than Propeller
turbine in this generator system.
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