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Abstract

This study aims to investigate the performance of using a Diffuser on a horizontal wind turbine. Diffuser variation used has two
different geometries : without an Inlet Shroud (L/D = 0.2 Sn-ml with an Inlet SI\:’Otl@.—"D = 01.39). The wind turbine’s test is
performed on a wind tunnel with a low wind speed ranging from | m/s to 5 m/s. The results showed that with the addition of a
Diffuser, the power produced shows an increased. Variation of the Diffuser without an Inlet Shroud is able to increase power
efficiency up to 20.5% while the Diffuser with an Inlet Shroud can increase power efficiency up to 41.1%. This suggests that the

uscaf a Diffuser is capable of improving the performance of the wind turbines by improving produced power efficiency.
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1. Introduction

At this time. fossil energy consumption has increased. In 2017, worldwide coal consumption reaches 3731.5
mtoe, nuclear energy reaches 596.4 mtoe, oil consumption reaches 4621.9 mtoe and natural gas comsumption
reaches 3156 mtoe [1]. The magnitude of this energy use causes an environmental damage such as global warming.
To overcome this problem, the use of renewable energy is considered to be an alternative that can be used. By 2017,
the use of wind turbines worldwide had reached 539.123 GW [2]. The magnitude of wind turbines” usage is
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influenced by the potential for high wind speeds in the area and this 1s a problem in the use of wind turbines
especially in areas with low wind speed potential.

Nomenclature

mtoe  million tonnes oil equivalent

GW Giga Watt

NACA National Advisory Committee for Aeronautics
RPM  Rotation per minute

TSR Tip Speed Ratio

At low wind speeds, the wind turbines tend to produce a non-optimal power. A lot of research had been ddfi@on
the technology that can be used to improve the turbine’s performance in this situation by installing a diffuser. In the
diffuser, the mass flow rate passes through the rotor, is increased. Therefore, the power generated by the wind
turbines also increases [3] — [9].

A research realized by Vaz and David [10] demonstrated thaa’ith DAWT (Diffuser-Augmented Wind Turbine)
the wind turbine generated power had increased by 35% when compared to a conventional wind turbine. Kosasih
and Andrea nl] conducted a research on Straight Diffuser and Nozzle Diffuser. The results show that a Straight
Diffuser can improve the performance of a wind turbine by 60%, while a Nozzle Diffuser can improve wind turbine
performance by 63% when compared to the conventional wind turbines.

Other research on Diffuser has also been investigated by Ohya and Karasudam [12], Ohya et al. [13]. In t
study, they performed Wind Lens Technology testing on turbines. Wind Lens Technology is a combination of
ER)nlet Shroud, Diffuser, and Brim. The results show that the wind turbine’s power with a Wind Lens Technology is
2-5 times larger when compaffJto a conventional wind turbine. Some forms of Wind-lens have been studied [6].
[7]. [14] — [16]. All research results show that the Diffuser can increase the power generated by horizontal wind
turbines. (6 ]

In relation to the research on the use of a diffuser in this wind turbine is the study on the performance of a
horizontal wind turbine was realized by using a new diffuser model with a more proportional dimension (compact).
With more compact dimensions of a Diffuser, it will be more easily produced and applied to the horizontal wind
turbine. A diffuser model used is with an additional Inlet Shroud and witffilt an Inlet Shroud. The study was
conducteam'th a Wind Tunnel on low wind speed \-'ariationsm 1 mfs, 1.5 m/s, 2 m/s, 2.5 m/s, 3 m/s, 3.5 m/s, 4
m/s, 4.5 m/s, and 5 m/s. Then the results of this research are used to analyze the performance of a horizontal wind
turbine in each test variation so as to obtain the wind turbine’s design that produces an optimal electric power and
can be applied in low wind speed area.

2. Research method
2.1, Experimental set-up

This research was conducted to determine the effect of a Diffuser usage on the performance of a horizontal wind
turbine. The wind turbine’s blade uses an Untwisted Blade NACA 6412 with a 160 mm blade length. NACA 6412
was clfffn because this airfoil has a high lift and drag ratio on a low Reynolds Number [17]. The full specifications
of the wind turbine used are shown in Table 1.

Table 1. Wind Turbine's Specification

Specification Value
Generator 100 Watt
The Ratio of Rotating Rotor with a Generator 1.:1
Rotor’s diameter 1200 mm
Blade’s length 600 mm
Total Blades 3

Blades™ Material Mahogany Wood
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Diffuser’s model used in this research consists of two models those are without an Inlet Shroud and with an Inlet
Shroud. The Diffuser without an Inlet Shroud has a L/D ratio = 0.25 while the Diffuser with an Inlet Shroud has a
L/D ratio = 0.39.
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Fig. 1. LD Ratio
The dimension of the diffuser used is shown in Figure 2. The result of the wind turbine Effectric power without a
Diffuser, a Diffuser without an Inlet Shroud and a Diffuser with an Inlet Shroud are compared to analyze the
performance of the wind turbine.
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Fig. 2. (a) Diffuser without Inlet Shroud (b) Diffuser with Inlet Shroud

22 Expeﬁn@al design

Research on the wind turbine’s performance is realized with a Wind Tunnel with a wind capacity ranging from 1
m/s up to 8 m/s. To minimize the blockage effect. the wind tunnel is designed with an open side on the inlet and
outlet (open-type wind tunnel). The wind turbine is placed on a wind tunnel that has a length of 3100 mm, a width of
2100 mm and a height of 2500 mm as shown in Figure 3.

(a) (b)

Fig. 3. (a) Wind tunnel design (b) Wind turbine with Diffuser

In this study, the electric power 1s measured with a digital multimeter in obtaining a test data in the form of the
voltage (Volt) and electric current (Am;m). Furthermore, a tachometer is used to measure the wind turbine’s rotor
rotation. The electric power and rotation of the rotor are used to evaluate the power efficiency of a wind turbine. The
research scheme shown in Figure 4.
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Figure 4. Data Input Scheme

3. Result and discussion
3.1, Effect of diffuser against power and rotor rotation

From the test results, Diffuser without an Inlet Shroud in this research is able to increase wind’s speed up to 10%
while a diffuser with an Inlet Shroud is able to increase wind’s speed up to 13.3%. With the increase in wil speed,
the power generated also increases. Wind turbine without the diffuser generates less eledic power when compared
to the wind turbine with an addition of diffuser. The wind turbine without Diffuser at a wind speed of 5 m/s
generates 9.7240 Watt, while the wind turbine with diffuser without an inlet shroud able to produce 11.6742 Watt
and the wind turbine with diffuser and inlet shroud able to produce 13.6523 Watt as shown in Fig. 5(a).
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Fig. 5. (a). Comparison of Wind Turbine’s Electricity R.csuhsa (b). Comparison of Wind Turbine’s Rotor Rotation Result
1

Thus, the use of a Diffuser in the wind turbine had increased the power of the wind turbine’s rotor. The additional
Diffuser also greatly affects the rotation speed of the resulting rotor. The highest rotor rotational speed produced by
the wind turbine with an addition of diffuser and inlet shroud as shown in Figure 5(b).

The power and rotation of the resulting rotor increase according to the wind’s speed. The use of a Diffuser with
an Inlet Shroud on wind turbines shows a significant power increase at each wind’s speed. A Diffuser without an
Inlet Shroud on average is able to increase the generated power up to 81.7% while a Diffuser with an Inlet Shroud on
average 1s able to increase power yield up to 151.3%.

3.2. NACA 6412 horizontal wind turbine 's performance

The power efficiency measured in this study is the total power efficiency of a wlld turbine’s power after passing
the generator and DC inverter. The results showed that the use of a Diffuser was able to increase the power
efficiency mn the wind turbine as shown in Figure 6.
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Fig. 6. (a) Wind’s Speed Relationship with n (b) Wind’s Speed Relationship with TSR

The efficiency of the wind turbine’s ]:mar continues to increase according to the wind’s spem while for TSR
(Tip Speed Ratio) at wind’s speed ranges from 1 m/s to 2.5 m/s obtains an increase, but at wind’s speed ranges from
3 m/s to 5 m/s tend to suffer a decrease as shown in Figure 7. Based on Figure 6, under the initial conditions of
power efficiency continues to increase as TSR increases, once it reaches its maximum value, the resulting power
efficiency decreases. This efficiency decreases because at high TSR the ﬁinaurbinc rotates too fast and is like a
solid disc so that the wind passing through the rotor is perfectly blocked by th@fotation of the rotor. Thus, the tip
speed ratio impacts directly on the power generated [14]. Based on Figure 6, the relationship between the power
efficiency and Tip Speed Ratio of the wind turbine shown in Fig 7.
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As shown in Figure 7, on the variation of the wind turbine without a Diffuser. the highest power efficiency is
obtained at 11.2% with an optimal TSR value of 6.37 whereas with the additional Diffuser without an Inlet Shroud,
the power efficiency increases to 13.5% with an optimal TSR of 6.67 or an increase power efficiency of 20.5%. On
the Diffuser variation with additional Inlet Shroud, the power efficiency generated increased to 15.8% with an
optimum TSR value of 6.99 or an increase in power efficiency of 41.1%.

4. Conclusion

In this research, the use of a Diffuser in wind turbines can increase the power and rotation of the rotor generated
by wind turbines. The increased of power generated is due to an increase in wind’s speed. A Variation Diffuser
Without an Inlet Shroud with L/D = 0.25 can increase wind’s speed up to 10% while a Diffuser with an n:t Shroud
with L/D = 0.39 can increase wind’s speed up to 13.3%. This condition directly impacts the efficiency of the wind
turbine. In the variation of wind turbines without a Diffuser, the produce of power efficiency 11.2%, with the
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additional Diffuser without an Inlet Shroud generated a power efficiency of 13.5% or a power increase of 20.5%.
The highest power efficiency of 15.8% is generated on a Diffuser variation with the additional Inlet Shroud, which
means that the Diffuser and Inlet Shroud can increased power efficiency by 41.1%.
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