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Design Modification of Water Wheel Turbine With Various
Configuration Variations

Abstract. One of the obstacles in the open loop cooling system is that the seawater that will be discharged back to the source does not meet the
requirements for the quality standards for generation wastewater. So that the waste water pit requires a long channel construction. The construction
of a long waste water pit channel is needed so that convectional heat transfer occurs in the channel to achieve the temperature requirements of the
generated waste water, which is around 30°C. In this study, 4 fin configuration variations were used, namely: A-shaped four-angled fins, V-shaped
four-angled fins, two parallel transverse four-angled fins (=), and two parallel four-pointed fins longitudinally (||) . With open channel dimensions of 7
m x 0.1 m x 1.3 m and the dimensions of the water wheel turbine model, namely diameter: 0.4 m, blade size: 0.8 x 0.8 m and a total of 16 blades.
Based on the research results it is known that the type of fin that has the ability to reduce temperature quickly is the type of two fins with four parallel
transverse angles with a temperature drop of 5.56°C with a tilt position of 0°, while the temperature drop with a tilt position of 30° is 4.54°C. However,
this type of fin generates little power because the water that hits the turbine blades will be accommodated on the inside of the turbine fin even by
utilizing a large discharge. The type of fin that produces the highest efficiency (%) and output power (Watts) is the type of two parallel four-angled
longitudinal fins (||) with the highest efficiency value of 61.71% on a slope of 0°C and 84.95% on a slope of 30°C in order to obtain the greatest
output power of 0.48 Watt at a slope of 0 °C and 0.56 Watt at a slope of 30°C.

Streszczenie. Jedng z przeszkéd w systemie chfodzenia z obiegiem otwartym jest to, Zze woda morska, ktéra bedzie odprowadzana z powrotem do
Zrodfa, nie spetnia wymagan norm jakoSciowych dla wytwarzania Sciekéw. Aby studzienka Sciekowa wymagata budowy dfugiego kanatu. Konieczna
Jjest budowa dfugiego kanatu $ciekowego, aby w kanale nastepowata konwekcyjna wymiana ciepta w celu osiggniecia wymaganej temperatury
wytwarzanych $ciekéw, ktéra wynosi okoto 300C. W tym badaniu zastosowano 4 warianty konfiguracji ptetw, a mianowicie: czterokatne ptetwy w
ksztafcie A, czterokgtne ptetwy w ksztafcie litery V, dwie rownolegte poprzeczne czterokatne ptetwy (=) i dwie réwnolegte czteroramienne ptetwy
wzdtuznie (| |) . O wymiarach otwartego kanatu 7 m x 0,17 m x 1,3 m oraz wymiarach modelu turbiny kota wodnego, a mianowicie $rednicy: 0,4 m,
wielkoSci topatek: 0,8 x 0,8 m i tgcznie 16 fopatek. Na podstawie wynikéw badarn wiadomo, ze typem ptetwy, ktéry ma zdolno$¢ szybkiego obnizania
temperatury jest typ dwdch ptetw z czterema réwnolegltymi katami poprzecznymi o spadku temperatury 5,560C przy pozycji pochylenia 0o,
natomiast spadek temperatury przy pozycji pochylenia 300 wynosi 4,540C. Jednak ten typ ptetwy generuje niewielka moc, poniewaz woda, ktéra
uderza w fopatki turbiny, bedzie zatrzymywana po wewnetrznej stronie ptetwy turbiny, nawet przy duzym wyptywie. Typ ptetwy, ktéry zapewnia
najwyzszg wydajnosc (%) i moc wyjsciowg (W) to typ dwoch réwnolegtych, czterokatnych podtuznych ptetw (||) o najwyzszej wartosci sprawnosci
61,71% na zboczu 00C i 84,95% na zboczu nachylenie 300C w celu uzyskania jak najwiekszej mocy wyjsciowej 0,48 W przy nachyleniu 0 oC i 0,56
W przy nachyleniu 300C.(Modyfikacja projektu turbiny kota wodnego z ré6znymi wariantami konfiguracji)
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Introduction the generated wastewater, which is around 30°C [6].

In current technological developments, electricity is
essential for people's lives, both in households and industry
[1]. The need for electrical energy has entered almost all
aspects of life, including lighting, transportation,
communication, information, and education. For this
reason, electrical energy must be available so that activities
that require electrical energy are not hampered [2]. One of
the supporters of the provision of electrical energy is the
availability of technology that can convert this energy
source into electrical energy that the community can use.
An electrical energy generator, especially steam power,
requires several auxiliary systems that support the
generation process [3]. There are various additional
systems, such as cooling systems, pressurized oil systems,
lubrication systems and other systems [4].

In technology, we can find several devices that
function as heat releases, such as steam boilers,
combustion chambers in combustion engines, heat
exchangers and other cooling cycles. The cooling system is
a series to overcome excessive heat on the engine so the
machine can work stably [5]. In the cooling system, one of
the components used is the condenser. In a Steam Power
Plant system, the condenser functions as a means of
exchanging and dissipating heat to the environment.

One of the obstacles in the open loop cooling system
is that the seawater that will be discharged back to the
source does not meet the quality standards for wastewater
generation, so the wastewater pit requires a long channel
construction. Construction of a long wastewater pit channel
is needed, so that heat transfer by convection occurs in the
water channel to achieve the temperature requirements of

However, dissipating heat with long channels is not an
effective method because it requires more costs, so
innovations are needed in the application of a water wheel
which functions to accelerate temperature reduction and
decomposition of chemicals that are still contained in the
wastewater. In addition to fulfilling the requirements for the
quality standards for generated wastewater, this water
wheel can also be used to generate power for lighting the
Steam Power Plant area.

Studies on the utilization of water wheel turbines have
been carried out previously, including [7, 8] which
discusses the potential use of water wheel technology in
turbines and hydroelectric power plants [9] discusses the
flow and performance of waterwheel turbines using
experimental and numerical analysis. [10] discusses the
design of a waterwheel for a low-voltage MHP system. [11]
discusses the Assessment of different types of
waterwheels to improve the performance of wastewater
pits. Through the application of water wheel turbines can
be used to accelerate temperature reduction and chemical
decomposition by installing fins on turbine blades [12].
However, in this study, the configuration of the fins on the
turbine blades had not been varied. Based on this
description, this study will change as many as four fin
configurations, namely four-fin angled A shape, four-finned
V-shaped, two parallel four-finned transverses (=), and two
parallel four-finned longitudinal (||).

Research methods

The implementation of the activity begins with
designing a wastewater pit, manufacturing and testing, as
well as evaluating and perfecting the application of the
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water wheel, and then data collection is carried out. The
object of testing variations in the configuration of fins on
water wheel turbines is a simulation of an open channel
testing tool found in the Energy Conversion Laboratory of
Ujung Pandang State Polytechnic. The measuring
instrument used in this study is a flowmeter, and all
measuring instruments are sensors attached to the test
equipment. The material used in this test is the water
heated to a temperature of 50 °C.

Data collection technique
Figure 1 shows the test scheme for data collection.
Figure 2 shows the front view of the test scheme.

Fig 1. Test scheme

Information: 1. Container heater; 2. Generator; 3. Open channel;
4. Reservoir; 5. Pump; 6. Heater; 7. Controls; 8. Pipe; 9. Water
wheel turbine, T, — Tg : Data Collection Point

Fig 2. Front view of the test schematic

Figures 3 and 4 show the various fin configurations
performed in this test.

Fig 3. Water wheel turbine perspective

Data collection is carried out using Open Channel which
has the following dimensions:

(a) (b) (c)

aAVs

(d)

Fig 4. Four types of fin configuration variations on the blade (a)
type 1: four-fin angled A shape, (b) type 2: four-fin angled V shape,
(c) type 3: two transverse four-angled fins, ( d) type 4: two parallel

quadrilateral fins

Table 1. Geometry Dimensions of the Testing Equipment

Open Channel

Specification Dimensions
Channel Width (cm) 10
Length (m) 7
Height from the surface (m) 1,3
Fiber thickness (mm) 5
Dimensions of the triangular 4

x8
legs (cm)
Water Wheel Turbine

Specification Dimensions
Outer diameter (cm) 40
Inner diameter (cm) 24
Wide (cm) 8
Blade width (cm) 8
Blade Length (cm) 8
Number of blades 16 pieces

Placement of the water wheel in the waste water pit
channel, which is 80 cm from the heater container, while
the data or information needed in the test scheme is listed
below:

e Fluid temperature before and after passing through
the water wheel (°C)

Cross-sectional area (mz)
Flow speed (m/s)
Hydraulic diameter (m)
Water discharge (m3/s)
Water level (m)
Generator voltage (V)

e Generator current (A)

e Generator speed (rpm)

Then collect the data above according to the variation of
the test, which consists of the following:

e Test without using a water wheel

e Test using a water wheel (Fin type 1: four-fin angled

N shape, type 2: four-fin angled V shape, type 3: two
fins four-angled parallel transversely, type 4: two fins
angled-four parallel longitudinally) as shown in Figure
3.
Furthermore, the above data is collected with a variety of
tests, besides that the data above is needed to determine
the type of flow and the rate of heat transfer by convection
and is used to determine the amount of power generated
from the generation of water wheels with a sinking blade
depth of 3 cm at discharge 0.00349221 m3/s, 2 cm at
discharge 0.002739 m3/s, 1 cm at discharge 0.001726
m3/s.
After that, a test consisting of:
Testing using the water wheel

¢ Fins type 1: angular-four A shape

¢ Fins type 2: V-shaped four-angled fins

¢ Fins type 3: two parallel four-angled fins across

¢ Fins type 4: two parallel quadrilateral fins
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Data Analysis Technique
The stages used in the data analysis technique are as

follows:
1.

Input the data obtained from the test results in the
form:

e Fluid temperature after passing through the
water wheel (°C)

Cross-sectional area (mz)

Flow speed (m/s)

Fluid density (kg/m®)

e Hydraulic diameter (m)

Process the data that has been previously
inputted to obtain data

The rate of heat transfer by convection (W)
Reynolds number

Prandtl's number

Nusselt number

Power generated from the water wheel

Perform data analysis in the form of an evaluation
of the calculation results obtained.

Drawing conclusions based on the results of data
analysis.

Research Result Data Analysis
Testing without Using a Water Wheel Turbine

By taking observational data on the test without using a
water wheel using distance variations, data No. 3 in table 2
with a slope of 0° as an analysis reference.

Table 2. Data from temperature test results without using a water
wheel turbine with a distance variation at a slope of 0°

NT g (m%s) Tenv Tinit T with a variation of the distance (°C)

o (°C) (°C) T T, Ts Ts Ts Te

1 0,001726 29 50 49,98 49,94 49,89 49,84 49,8 49,77
2 0,002739 29 50 49,98 49,92 49,87 49,82 49,79 49,75
3 0,003492 29 50 49,96 49,88 49,83 49,76 49,71 49,64

The following data are known:

Then,

Q =0,003492 m3/s

v = 0,632m/s

P =7m

P =0,115m

b =0,12m

T, = 49,96 °C

T = 49,79 °C

AT =T, — T = (49,96 — 49,79)°C = 0,163°C

e Hydraulic diameter, Dy,

Dy,

_ 44
TP
_ 4x0,00552 m?
T o115m

=0,192 m

e Reynolds number for open channel flow, R,

vD
Re=p h

u
Based on the Table of Physical Properties of Water, at
T =49,79°C by means of interpolation obtained ¥ =

0,0005487 %2 s
m

Then,

pv Dy
R, = —
€ u

988,1% X 0,632 m/s x0,192 m

= 218746,759

0,0005487 ﬂ.s
m

e  Prandtl Number, B.

C
przu

Based on the Table of Physical Properties of Water, at
T = 49,79°C by means of interpolation obtained:

Then,

232

C, = 41815 kJ/kg.K
K = 0,640 W/m.K

_ ucp
B=t=

— 00005487 m?/s x 4181,5 kJ/kg.K = 3,582
0,640 W/m.K
. Nusselt Number, N,

Nu = 0.023 x Re%8 x Pr™

n = 0,4 for cooling

Then,

Nu = 0.023 x Re%8 x Pr™

= 0,023 x (218746,759)%8 x (3,582)%*

= 716,767
° Convection Heat Transfer Coefficient, h, (W /m?.K)
— Ny K
he = o
_ 4716767 x0640 W/ o 2390,568(W /m2.K)
0,192 m
° Convection Heat Transfer Rate, q. (W)
qc = hoAMT
Where:
A= BXh
=0,12m x 0,046 m = 0,00552 m?
Then:
qc = hoAMT

=(2390,568 W /m?2.K) x 0,00552 m? x
0,163°C =2,1553 W

The results of other data analysis can be seen in Figures 5
to 10.

Testing by Using a Water Wheel Turbine

Dengan mengambil data pengamatan pada pengujian
menggunakan turbin roda air dengan menggunakan variasi
konfigurasi sirip, yaitu data No. 1 pada tabel 3 pada
kemiringan 0° sebagai acuan analisa.

Table 3. Data on temperature test results using a water wheel
turbine with four angled fins in the shape of A with a variation of
the slope distance of 0° (Q = 0,001726 m®%s)

N \% 1 (A) n Temp. dengan variasi jarak (°C)
o (V) (rpm) T1 T2 T3 T4 T5 T6
1] 08 | 0,055 50 498 | 4974 | 49,7 | 49,67 | 49,62 | 49,59
2] 08 | 0055 50 49,66 | 496 | 49,55 | 49,51 | 49,48 | 49,44
3] 082 | 0,056 50 49,66 | 49,57 | 4952 | 49,48 | 4944 | 49,41
4 082 | 0056 51 49,55 | 49,46 | 4943 | 494 | 4934 | 49,32
5] 0,82 | 0,056 51 49,53 | 49,39 | 49,37 | 49,36 | 49,35 | 49,28
The following data are known:

Q = 0,001726 m3/s

v = 0,714 m/s

P =7m

P =0,115m

b = 0,12m

h = 0,020 m

Ty = 49,8°C

T = 49,68°C

AT =T, — T. = (49,8 — 49,68)°C = 0,113°C

V =08V

I = 0,0554

n =50rpm

In the same way as the previous calculation, we get:
° Hydraulic diameter, D,
D, = 0,084m
. Reynolds number for open channel flow, R,
R, =107903,1857
. Prandtl Number, B.

P. = 3,5908
) Nusselt Number, N,
Nu = 407,599

° Convection Heat Transfer Coefficient, h, (W /m?.K)
he = 3106,591(W /m?.K)

° Convection Heat Transfer Rate, q. (W)
q. = 0,850 W
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. Input Power, P, (W)
Pp=pXgxQxh

= 988,18 kg/m3 x 9,81 m/s? x 0,001726m3/s x
0,020 m
=0,3367W
. Output Power, P, (W)
Poe=VxI
=08V x 0,0554=0,044W
e  Water Wheel Turbine Efficiency, n (%)
Ny =Fam % 100%

_ obosssw oo oo,
0,3367 W % 100% = 13,06%

The results of other data analysis can be seen in Figures 7
to 14.
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Fig 5. Temperature drop in the test using a water wheel with
variations in fin configuration, Q = 0.001726 m3/s slope 0°

.

H

5!

| .
B

Q=0,000739 {m3js)

o Turbine

~—— A-shaped Four Angled Fin
——V-Shaped Four Angled Fin

= Tiwe Parallel Parallel Quadrilateral Firs.
——Twa Parallel Quadrilateral Firs

Fig 6. The temperature drop in the test using a water wheel with a
variety of fin configurations, Q = 0.002739 m3/s with a slope of 0°
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Fig 7. Temperature drop in the test using a water wheel with
various fin configurations, Q = 0.003492 m3/s slope 0°
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Results and Discussion

Based on the results of the data analysis that has been
carried out, a graph is made to see the magnitude of the
temperature drop and the relationship between the value of
efficiency and output power to rotation with different
discharges at the Waste Water Pit without using a water
wheel turbine and using a water wheel turbine with various
configurations.

" —a Turbine
——A-shaped Four Angled Fin
——V:Shaped Four Anghed Fin

1 ——Two Parallel Parallel Quadriateral Firs
——Two Parallel Quadsilateral Fins

]
Q=0.001726 (m’s )

Fig 8. The temperature drop in the test using a water wheel with a
variety of fin configurations, Q = 0.001726 m3/s with a slope of 30°

% —— Ashaped Four Angied Fin

g, ——V-Shaped Four Angled Fin

] ——Two Poralil Poralel Quadrlateral Fies:
% ——Two Parabel Quadrilateral Firs.

Fig 9. Temperature drop in the test using a water wheel with
variations in fin configuration, Q = 0.002739 m3/s slope of 30°
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Fig 10. Temperature drop in the test using a water wheel with
variations in fin configuration, Q = 0.003492 m%s slope 30°

—— o Tutine
——A-shaped Four Angled Fin
——V-Shaped Four Angled Fin

——Two Parallel Parallel Quadrilateral Firs.
—— Two Paralel Quadilateral Fins

Temperature Drop (o€)

It can be seen in Figures 5 to 10 the temperature drop
in the test using a water wheel with a variation of the tilt fin
configuration of 0° and 30°, that the temperature value after
passing through the waterwheel turbine experiences a
rapid decrease in temperature. This is influenced by the
function of the water wheel turbine as an agitator (mixer),
where fins are added to the turbine blades to speed up the
temperature reduction process. The type of fin that lowers
the temperature faster is at a slope of 0°, and the type of fin
type Two Elbow-Four Elbow Parallel Transverse at Q =
0.003492 m%/s has the most significant temperature drop
value of 5.56 °C. Without using a water wheel, it
experiences a decrease in temperature, namely a
maximum of only 0.36 °C. Whereas at a slope of 30°, the
type of fin type Two Elbow-Four Parallel Transverse Fins at
Q = 0.003492 m%s has the most significant temperature
drop value of 4.54 °C, and without using a water wheel, it
experiences a maximum temperature drop of 1.57 °C. The
decrease in temperature without using a water wheel is
caused by the evaporation of water with the air temperature
around the environment by using an open channel system
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Fig 13. Correlation between rotation to turbine efficiency and output power in the test of two parallel four-angle fins across a slope of 30°
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Fig 14. Correlation between rotation to turbine efficiency and output power in the test of two parallel four-angled fins longitudinally tilted at

30°

Figure 7 to Figure 14 shows the relationship between
rotation on turbine efficiency and output power in testing
variations of the tilt fin configuration 0° and 30° directly
proportional where the greater the value of the rotation
given, it affects the value of the turbine efficiency and power
output. Based on the results of the graph above testing the
type of two fins that parallels four angles longitudinally with
a slope of 0°, the highest turbine efficiency value is 61.71%.
The highest output power value is 0.481 watts, and at a
pitch of 30°, the highest turbine efficiency value is 84.95%,
and the highest output power value is 0.56 watts. This is
because the influence of a large discharge produces a large
turbine rotating speed where the water that crashes into a
turbine only passes through the fin on the blade so that the
water is not accommodated on the fins where it does not
slow down the turbine rotation then the water wheel turbine
that is copied with the generator produces efficiency value
turbine and output power.

From Figure 15 to 18, the relationship between
efficiency testing (%) and discharge (m®/s) with a variety of
fin configurations in slope 0° and 30° can be seen that the
greater the value of the release (m3/s), the greater the
efficiency value (%) resulting from. This is because the
amount of discharge is large. The value of the flow velocity
(m/s) is also by the formula Q = A x V, where the value of
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the release is directly proportional to the flow rate so that
the water hitting the turbine blades will produce a rotational
speed to rotate the water wheel turbine which coupled with
the generator. The most excellent efficiency is in the
longitudinal parallel four-finger type of 61.71% at a slope of
0o. The longitudinal parallel four-angled fin type is 84.95%
at a pitch of 30° with a state value of Q = 0.003492 m?*/s.
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Fig 15. The relationship between testing efficiency (%) to discharge
(m*/s) with the Elbow-Four A type at a slope of 0° and 30°
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Fig 16. Correlation between testing efficiency (%) to discharge
(m*/s) with the V-shaped Four Angled Fin type at a slope of 0° and
30°
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Fig 17. Correlation between testing efficiency (%) to discharge
(m3/s) with the type of two Cross Parallel Four Angled Fins at a
slope of 0° and 30°

Fig 18. Correlation between testing efficiency (%) to discharge
(m*/s) with longitudinal parallel four-finned type two fins at a slope
of 0° and 30°
Conclusion

Based on the results of data analysis and discussion
that has been carried out, it can be concluded that:
1. The performance of the water wheel turbine power
plant produces efficiency and output power by utilizing a
significant discharge value which will help water hit the
turbine blades to have rotation coupled to the generator.
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Variations in the configuration of the water wheel turbine
fins with the type of two parallel four-angled fins have the
highest efficiency at 0o slope of 61.71% and the highest
efficiency at 300 slope is 84.95% with Q = 0.003492 m3/s.
The highest value of output power (Watts) is 0.48 Watts at a
slope of 0o and 0.56 Watt at a pitch of 300.

2. Variations in the configuration of the fins of the
water wheel turbine with the type of two parallel four-angled
fins transverse to the blade have a fast temperature drop
value with a temperature drop value of 5.56 oC on a slope
of 0o and 4.54 oC on a slope of 300 with Q = 0.003492
m3/s.
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