Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 98, Issue 2 (2022) 58-66

Journal of Advanced Research in Fluid Fid Hechanis and
Mechanics and Thermal Sciences

15542209109

Journal homepage:
SEMARAK ILMU https://semarakilmu.com.my/journals/index.php/fluid_mechanics_thermal_sciences/index
P AL S ISSN: 2289-7879

Experimental Study of Darrieus Water Turbine Two Blade Different
Configuration and Hybrid Turbine for Application of an Irrigation Flow

Kaprawi Sahim?, llyas!, Nurhadi', Dewi Puspita Sari?, Imam Syofii>, Muhammad Amsal Ade
Saputral, Dendy Adantal”

Department of Mechanical Engineering, Faculty of Engineering, Universitas Sriwijaya, Ogan Ilir - 30662, South Sumatera, Indonesia
2 Study Program of Mechanical Engineering Education, Faculty of Teacher Training and Education, Universitas Sriwijaya, Ogan llir - 30662, South
Sumatera, Indonesia

ARTICLE INFO ABSTRACT

Article history: Rice fields are areas that have irrigation and rarely have lighting; this is dangerous at
Received 23 March 2022 night because wild animals such as snakes are difficult to see. Irrigation has low-scale
Received in revised form 4 July 2022 water energy with low-head conditions; hence the Darrieus and Savonius type water

Accepted 14 July 2022

turbines are considered suitable for this condition. However, until now, there has been
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no comprehensive study of the feasibility of the two turbines for irrigation flow. Hence
this study presents the experimental work to explore the performances of the Darrieus
turbines Two Blade Different Configuration and hybrid Darrieus-Savonius turbine for
irrigation flow. Accordingly, four configurations of the water turbines used in these
investigations, i.e., Darrieus turbine with two different blades shape the aerofoil of
NACA 0016 and NACA 0020, single Darrieus turbine with the aerofoil NACA 0016, single
Savonius turbine, and hybrid Darrieus-Savonius turbine with the aerofoil NACA 0016.
The mechanical power of the water turbines was measured using a rope brake
dynamometer. The results show that the single Darrieus turbine with the aerofoil NACA
0016 has higher tip speed ratios but a lower torque coefficient than the single Savonius
turbine. Then, hybrid Darrieus-Savonius turbine with the aerofoil NACA 0016, the
maximum power coefficient lower than other. Furthermore, the single Savonius turbine

Keywords: has the highest power coefficient than the other. And the single Darrieus turbine with
Darrieus water turbine; Savonius water the aerofoil NACA 0016 shows that the turbine has higher torque than others. Thus,
turbine; hybrid system; water turbines; based on the results, a single Darrieus turbine with the aerofoil NACA 0016 is
remote areas recommended for application.

1. Introduction

The water flow in irrigation generates electrical power besides its fundamental use for irrigation
fields [1]. In converting the current into electrical energy, using a water turbine. The type of water
turbine of Darrieus and Savonius is suitable for the water flow in irrigation [2]. Gharib-Yosry et al., [3]
apply a Darrieus turbine in water based on non-dimensional analysis, namely Reynolds number.
Based on the results, a Darrieus turbine in water has higher performance than in air [3]. Patel et al,,

* Corresponding author.
E-mail address: dendyadanta@ymail.com

https://doi.org/10.37934/arfmts.98.2.5866

58



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 98, Issue 2 (2022) 58-66

[4] investigated the feasibility of the Darrieus turbine for water considering the number of blades and
blade solidity. Based on the results, they showed an optimum number of blades and gave two types
of symmetrical airfoils with similar power characteristics [4].

Furthermore, wind turbines' feasibility for water applications combines the Darrieus and Savonius
turbines [5]. Saini and Saini [6] combine 3 Darrieus turbine blades with two Savonius turbine blades.
Based on the results, the turbine combination resulting a higher performance coefficient than the
single Darrieus turbine. Since the Darrieus turbine is suitable for converting the kinetic energy of free
stream flow, the application is narrow due to the poor self-starting characteristics and lack of
structural analysis [6]. Tunio et al., [7] proved that by using the duct augmented system, the
hydrokinetic Darrieus turbine performance increased significantly since the flow increased; then, a
Darrieus water turbine performance can increase by using a blocking plate upstream of the rotor [8].
Then, Lust et al., [9] investigated three blades Darrieus water turbine with setup conditions has waves
and concluded the rotor degraded power production slightly compared to the current without the
waves. Yagmur et al., [10] examined single and double Darrieus water turbines in series. They showed
that the numerical results are in good agreement with experimental findings, and the performance
of the downstream turbine was lower than the upstream turbine [10]. Then, Mohamed et al., [11]
examine the solidity of the Darrieus turbine blade for water application which shows the thinner the
airfoil, the greater the power coefficient characteristics.

Another hydrokinetic is the Savonius turbine which is often used in power generation because it
has high starting torque. A Savonius turbine with overlap has a higher power coefficient than that for
a conventional shape of the same tip speed ratio [12, 13]. Commonly, the Savonius rotor has one
stage for hydropower generation. Chen et al., [14] performed two stages of Savonius rotor where the
blade shape is straight combined with a curved blade using composite materials. A Savonius turbine
V-type blade is investigated to determine the optimum condition. There is the optimum angle of V-
blades, which gives an increase in the performance of the Savonius rotor [15]. Saini et al., [16]
presented the effect of attachment angle Savonius turbine U-type blades. Based on Golecha et al,,
[17] and Salleh et al., [18], Savonius turbine U-type blades can increase their performance by using a
single flat deflector upstream of flow. The modification of the Savonius rotor by providing a dual
splitter-like shape of the blade's concave side can improve the performance of the Savonius rotor
[19]. At the Savonius rotor entrance, two-shield plates (as two deflector plates) are employed to
enhance the turbine's performance significantly, as was conducted experimentally by Ramadan et
al., [20]. Shashikumar et al., [21] developed a tapered type of Savonius blade and compared its
performance with the conventional rotor. Then, Talukdar et al., (2018) presented the feasibility of
the Savonius turbine's elliptical blades type for water.

One type of hydrokinetic turbine is the combination of the Darrieus and Savonius turbine in
which, commonly, the Savonius is inside of the Darrieus rotor. This hybrid rotor performance depends
on the Savonius blades' attachment angle [23]. Kaprawi et al., [24] investigate the performance
characteristic of the two stages of the Savonius rotor attached outside to the Darrieus rotor. For the
Savonius installed inside of the Darrieus rotor, the performance of the hybrid rotor can be enhanced
[25]. A deflector of a straight plate can improve the hybrid water turbine performance [23].
Therefore, this aim is to investigate the hybrid system of the Darrieus and Savonius turbine for
application in water, where the testing is under environmental conditions (irrigation of rice field).
Tests in rice field irrigation to determine the real turbine performance so that its strength is known.
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2. Methodology
2.1 Turbines and Irrigation

A comparison of a single Darrieus and single Savonius turbine is made separately to know their
performance, and then these two turbines were combined to investigate their performance. Then,
this study investigates the single Darrieus water turbine with two different airfoils. Therefore, four
configurations of the water turbines used in these investigations, i.e., Darrieus turbine with two
different blades shape the aerofoil of NACA 0016 and NACA 0020, single Darrieus turbine with the
aerofoil NACA 0016, single Savonius turbine, and hybrid Darrieus-Savonius turbine with the aerofoil
NACA 0016. Figure 1 shows all configurations of the rotor.

——mgm

(@) (b) (c) (d)

Fig. 1. Turbine configurations: (a) rotor Darrieus two blade different configuration (variation 1); (b)
rotor Darrieus with aerofoil NACA 0016 (variation 2); (c) Savonius turbine (variation 3); and (d)
hydrid Darrieus-Savonius turbine (variation 4)

Table 1 shows the dimensions of all rotors. The irrigation is the testing ground of all rotors. Figure
2 is the photograph of the irrigation. Based on Figure 2, the width of the upstream flow of 2 m, and
the downstream of 1 m with a deep water level of 0.65 m.

Table 1
Turbine rotor dimensions
Parameters Darrieus 2 Darrieus turbine Savonius turbine Hybrid

different blade

configuration
Blade type NACA 0016 and NACA 0016 Semi-circular cylinder NACA 0016 — semi-

NACA 0020 circular cylinder
Thickness (mm) 10and 12 10 1 Combination of
Number of blades 3and3 3 3 Darrieus NACA
Rotor diameter (mm) 300 300 15.2 0016 and Savonius
Blade diameter (mm) - - 70 turbine
Rotor length 300 300 300
Solidity 0.19 and 0.38 0.19 -
Aspect ratio 1.0and 1.0 1.0 1.97
Blades material Wood Wood the polymer of vinyl

chloride

Shaft diameter (mm) 8 8 10

This study places all the rotors in the middle of the downstream flow at the irrigation's converging
section. The velocity at turbine testing was 0.61 m/s which measuring with a current meter flowatch
fI-03 having a precision of £ 2%; the system of the canalisation of the water flow, so the velocity was
constant along the experimental investigations. The turbine is placed equal to the surface of the flow.
Hence the distance between the turbine and the bottom of the irrigation of £ 35 cm.

60



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 98, Issue 2 (2022) 58-66

@) D (b)
Fig. 2. Photograph of the Irrigation: (a) Rice field irrigation; (b) Turbine experimental

2.2 Experimental Setup

Figure 3 shows the experimental setup of the turbine rotor—a rope brake dynamometer system
to measure the turbine rotor's torque to determine its performance. Based on Figure 3, the turbine
shaft (3) was supported by two ball bearings on the frame (1), one at the bottom and one at the top
(4). The braking of the rotor shaft using by the nylon rope (8); the nylon rope has a diameter of 1.5
mm, through a pulley (5) attached to the shaft. One end of the nylon is tied with a tubular spring
scale (6) model number ME505-1000 of the maximum capacity of 1 kg and the other end to the loads
(9). The water current struck the blades (2) of the turbine rotor, so the rotor rotated. Rotation
measurement using a non-contact digital tachometer. Adding the load on the bucket (9) reduces
rotor rotation. After rotor rotation is stable, measurement of rotation and force on a spring scale.
The turbine rotation slowed down due to increasing the bucket load, and the spring scale's force
increased. The loads continued to increase and at a maximum load until the turbine experienced
overload and stopped rotating.

T4

Fig. 3. Rope brake dynamometer system
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2.3 Data Processing Analysis

The mechanical power (P:) is function of torque (t) and angular velocity of rotor (w) become
P=10 (1)
w is function of the rotational of the rotor (n) is expressed with the following Eq. (1)

_2-n-n

O = 50 (2)

The tip speed ratio (A) is
A=— (3)

where Ut is tangential velocity of the rotor is
U=ro (4)

Where r is radius rotor (r = rotor diameter/2). Then, the power coefficient (Cp) of the rotor is
expressed using

P

t

T 05-pA, -V, )

where A: is an area of the rotor perpendicular to the flow direction, and Vv is the water velocity.
Further, the torque coefficient (Ct) calculates using

C,=—" (6)

3. Results and Discussion

The experimental results are plotted in terms of torque and power coefficient, representing the
turbine rotor's performance characteristics. Figure 4 shows the torque coefficients of the four
configurations of the turbines. The turbines operate maximum rotation (no-load condition).

For variation 1, the C: characteristics seem to vary linearly from tip speed ratios. At lower speed,
the torque coefficients appear slightly larger than variation 2. The solidity of Variation 1 changes; the
torque curve characteristic changes due to the increase of the solidity.

For variation 2, the torque coefficient increases rapidly with decreasing rotor speed, and at about
A< 1.9, it seems to be constant before overloading. For variation 3, the single Savonius turbine has
the highest torque coefficient than others, which attains a Cy of 0.35 at A of 0.5. C; for variation 3
decrease rapidly with the increase in the A. Variation 4 has a lower torque coefficient than variation
3, and higher than Variations 1 and 2.
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So, by adding the Savonius blades of the Darrieus rotor, the torque coefficient of the rotor
becomes higher than the single Darrieus rotor; however, the tip speed ratios decrease to less than
unity. The presence of the Savonius blades of a hybrid system is dominant in decreasing the tip speed
ratios. Therefore, adding the Savonius blades to Darrieus rotor increases the C: and decreases the A.
Hence, Variation 4 system is dominant in decreasing the A.

0.40
—®— Variation 2
0.35 —@— Variation 1
0.30 —— Variation 3
—@— Variation4

0.25
c, 020
0.15
0.10
0.05
0.00

3.5

Fig. 4. Relation of C; to A

The C; affects the C, generated by the turbine rotor. Figure 5 shows the relation C, to A. Variation
3 provides higher Cp with wider A than Variation 1, Variation 3, and Variation 4. Based on Figure 5,
the relation of C, to A for variation 2 is parabolic. Variation 1 is lower than Variation 2 allegedly
because different airfoils used in a single Darrieus rotor cause probably non-uniform forces on the
rotor.

Further, using different symmetrical airfoils on a single rotor means the blade thickness is
different. The increasing blade thickness means increasing the pressure gradient and the drag force
along the airfoil. For variation 3, the maximum C, has achieved 0.2 at A of 0.6; this means the Savonius
turbine is categorised as the drag type turbine because it operates between A of 0.5 to 0.85. Variation
4 has lower Cp than Variation 1, Variation 2, and Variation 3.

0.25
Variation 2
r —®— Variation 1
0.20 + —®— Variation 3
[ —®— \Variation 4
015
Cp _
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0'00 [ 1 1 1 1 I 1 1 1 1 I
0.0 1.0 2.0 3.0 4.0
A

Fig. 5. Relation of C, to A
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Figure 6 shows the relation of the P: to A. Based on Figure 6, Variation 2 generates a higher P
than Variation 1, Variation 3, and Variation 4. Whereas, Variation 2 caused the highest P: than
Variation 1, Variation 3, and Variation 4. Meanwhile, Variation 4 is higher than Variation 3; this is
allegedly because the area of the turbine is larger, so the power generate by Variation 4 is higher
than Variation 3.

1.8
== Variation 2
1.6 1 =8 Variation 1
. -
14 £ —®— \Variation 3

Variation 4

1.5 2.0 2.5 3.0 35

Fig. 6. Relation of Py to A

4. Conclusions

The Darrieus and Savonius turbine are two types of water turbines that generate electric power
by utilising the flow in irrigation. Investigation of some configurations of both turbines by
experimentally to enhance or to know their performance so that a wide range of tip speed ratio, high
torque, and high efficiency are available. Based on the results, the single Savonius turbine (Variation
3) has the highest torque and power coefficient (Cp); however, Savonius turbine can operate at low
speeds. The Darrieus turbine, either with three (Variation 2) or two different blade configurations
(Variation 1), has a smaller torque coefficient (C:) compared to the Savonius rotor (Variation 3) and
the hybrid Darrieus-Savonius turbine (Variation 4). However, the operation of the Darrieus turbine is
high speed. Furthermore, the Darrieus turbine's two blades different configuration (Variation 1) has
a large range of characteristics in torque coefficient (Ct), power coefficient (Cp), and power generated
(Pt). The maximum power coefficient of the hybrid Darrieus-Savonius turbine (Variation 4) can be
considered the same order as the Darrieus turbine with two different configurations blades (Variation
1), and the power generated is larger than the Savonius type but lower in efficiency. Thus, based on
the results, a single Darrieus turbine with the aerofoil NACA 0016 is recommended for application.

Acknowledgement
Thanks to Universitas Sriwijaya for the facilities for this research.

64



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 98, Issue 2 (2022) 58-66

References

(1]

(2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

Kunalan, Kerishmaa Theavy, Cheng Yee Ng, and Nauman Riyaz Maldar. "A performance investigation of a multi-
staging hydrokinetic turbine for river flow." Progress in Energy and Environment 17 (2021): 17-31.
https://doi.org/10.37934/progee.17.1.1731

Didane, Djamal Hissein, Muhammad Nur Arham Bajuri, Bukhari Manshoor, and Mahamat Issa Boukhari.
"Performance Investigation of Vertical Axis Wind Turbine with Savonius Rotor using Computational Fluid Dynamics
(CFD)." CFD Letters 14, no. 8 (2022): 116-124. https://doi.org/10.37934/cfdl.14.8.116124

Gharib-Yosry, Ahmed, Eduardo Blanco-Marigorta, Aitor Fernandez-Jiménez, Rodolfo Espina-Valdés, and Eduardo
Alvarez-Alvarez. "Wind—water experimental analysis of small sc-darrieus turbine: an approach for energy
production in urban systems." Sustainability 13, no. 9 (2021): 5256. https://doi.org/10.3390/su13095256

Patel, Vimal, T. I. Eldho, and S. V. Prabhu. "Experimental investigations on Darrieus straight blade turbine for tidal
current application and parametric optimization for hydro farm arrangement." International journal of marine
energy 17 (2017): 110-135. https://doi.org/10.1016/j.ijlome.2017.01.007

Sewucipto, Sanjaya, and Triyogi Yuwono. "The Influence of Upstream Installation of D-53 Type Cylinder on the
Performance of Savonius Turbine." Journal of Advanced Research in Experimental Fluid Mechanics and Heat
Transfer 3, no. 1 (2021): 36-47.

Saini, Gaurav, and R. P. Saini. "Comparative investigations for performance and self-starting characteristics of
hybrid and single Darrieus hydrokinetic turbine." Energy Reports 6 (2020): 96-100.
https://doi.org/10.1016/j.egyr.2019.11.047

Tunio, Intizar Ali, Madad Ali Shah, Tanweer Hussain, Khanji Harijan, Nayyar Hussain Mirjat, and Abdul Hameed
Memon. "Investigation of duct augmented system effect on the overall performance of straight blade Darrieus
hydrokinetic turbine." Renewable Energy 153 (2020): 143-154. https://doi.org/10.1016/j.renene.2020.02.012
Patel, Vimal, T. I. Eldho, and S. V. Prabhu. "Performance enhancement of a Darrieus hydrokinetic turbine with the
blocking of a specific flow region for optimum use of hydropower." Renewable Energy 135 (2019): 1144-1156.
https://doi.org/10.1016/j.renene.2018.12.074

Lust, Ethan E., Benjamin H. Bailin, and Karen A. Flack. "Performance characteristics of a cross-flow hydrokinetic
turbine in current only and current and wave conditions." Ocean Engineering 219 (2021): 108362.
https://doi.org/10.1016/j.oceaneng.2020.108362

Yagmur, Sercan, Faruk Kose, and Sercan Dogan. "A study on performance and flow characteristics of single and
double H-type Darrieus turbine for a hydro farm application." Energy Conversion and Management 245 (2021):
114599. https://doi.org/10.1016/j.enconman.2021.114599

Mohamed, M. H., A. Dessoky, and Faris Alqurashi. "Blade shape effect on the behavior of the H-rotor Darrieus wind
turbine: Performance investigation and force analysis." Energy 179 (2019): 1217-1234.
https://doi.org/10.1016/j.energy.2019.05.069

Hashem, Islam, and Baoshan Zhu. "Metamodeling-based parametric optimization of a bio-inspired Savonius-type
hydrokinetic turbine." Renewable Energy 180 (2021): 560-576. https://doi.org/10.1016/j.renene.2021.08.087
Yao, Jianjun, Fengshen Li, Junhua Chen, Zheng Yuan, and Wangeng Mai. "Parameter analysis of Savonius hydraulic
turbine considering the effect of reducing flow velocity." Energies 13, no. 1 (2019): 24.
https://doi.org/10.3390/en13010024

Chen, Jian, Liu Chen, Long Nie, Hongtao Xu, Yang Mo, and Canxing Wang. "Experimental study of two-stage
Savonius rotors with different gap ratios and phase shift angles." Journal of Renewable and Sustainable Energy 8,
no. 6 (2016): 063302. https://doi.org/10.1063/1.4966706

Shashikumar, C. M., and Vasudeva Madav. "Numerical and experimental investigation of modified V-shaped
turbine blades for hydrokinetic energy generation." Renewable Energy 177 (2021): 1170-1197.
https://doi.org/10.1016/j.renene.2021.05.086

Saini, Gaurav, and R. P. Saini. "A computational investigation to analyze the effects of different rotor parameters
on hybrid hydrokinetic turbine performance." Ocean Engineering 199 (2020): 107019.
https://doi.org/10.1016/j.oceaneng.2020.107019

Golecha, Kailash, T. I. Eldho, and S. V. Prabhu. "Study on the interaction between two hydrokinetic Savonius
turbines." International Journal of Rotating Machinery 2012 (2012).
https://doi.org/10.1016/j.apenergy.2011.03.025

Salleh, Mohd Badrul, Noorfazreena M. Kamaruddin, and Zulfaa Mohamed-Kassim. "The effects of a deflector on
the self-starting speed and power performance of 2-bladed and 3-bladed Savonius rotors for hydrokinetic
application." Energy for Sustainable Development 61 (2021): 168-180. https://doi.org/10.1016/j.esd.2021.02.005
Patel, Vimal, and Ravi Patel. "Free energy-extraction using Savonius hydrokinetic rotor with dual
splitters." Materials Today: Proceedings 45 (2021): 5354-5361. https://doi.org/10.1016/j.matpr.2021.01.928

65


https://doi.org/10.37934/progee.17.1.1731
https://doi.org/10.37934/cfdl.14.8.116124
https://doi.org/10.3390/su13095256
https://doi.org/10.1016/j.ijome.2017.01.007
https://doi.org/10.1016/j.egyr.2019.11.047
https://doi.org/10.1016/j.renene.2020.02.012
https://doi.org/10.1016/j.renene.2018.12.074
https://doi.org/10.1016/j.oceaneng.2020.108362
https://doi.org/10.1016/j.enconman.2021.114599
https://doi.org/10.1016/j.energy.2019.05.069
https://doi.org/10.1016/j.renene.2021.08.087
https://doi.org/10.3390/en13010024
https://doi.org/10.1063/1.4966706
https://doi.org/10.1016/j.renene.2021.05.086
https://doi.org/10.1016/j.oceaneng.2020.107019
https://doi.org/10.1016/j.apenergy.2011.03.025
https://doi.org/10.1016/j.esd.2021.02.005
https://doi.org/10.1016/j.matpr.2021.01.928

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 98, Issue 2 (2022) 58-66

[20]

[21]

(22]

(23]

(24]

[25]

Ramadan, A., M. Hemida, W. A. Abdel-Fadeel, W. A. Aissa, and M. H. Mohamed. "Comprehensive experimental and
numerical assessment of a drag turbine for river hydrokinetic energy conversion." Ocean Engineering 227 (2021):
108587. https://doi.org/10.1016/j.oceaneng.2021.108587

Shashikumar, C. M., Hindasageri Vijaykumar, and Madav Vasudeva. "Numerical investigation of conventional and
tapered Savonius hydrokinetic turbines for low-velocity hydropower application in an irrigation
channel." Sustainable Energy Technologies and Assessments 43 (2021): 100871.
https://doi.org/10.1016/j.seta.2020.100871

Talukdar, Parag K., Arif Sardar, Vinayak Kulkarni, and Ujjwal K. Saha. "Parametric analysis of model Savonius
hydrokinetic turbines through experimental and computational investigations." Energy Conversion and
Management 158 (2018): 36-49. https://doi.org/10.1016/j.enconman.2017.12.011

Mosbahi, Mabrouk, Ahmed Ayadi, Youssef Chouaibi, Zied Driss, and Tullio Tucciarelli. "Performance improvement
of a novel combined water turbine." Energy Conversion and Management 205 (2020): 112473.
https://doi.org/10.1016/j.enconman.2020.112473

Kaprawi, S., Dyos Santoso, and Riman Sipahutar. "Performance of combined water turbine darrieus-savonius with
two stage savonius buckets and single deflector." International Journal of Renewable Energy Research 5, no. 1
(2015): 217-221.

Bouhal, T., Omar Rajad, T. Kousksou, A. Arid, T. El Rhafiki, A. Jamil, and A. Benbassou. "CFD performance
enhancement of a low cut-in speed current Vertical Tidal Turbine through the nested hybridization of Savonius and
Darrieus." energy Conversion and Management 169 (2018): 266-278.
https://doi.org/10.1016/j.enconman.2018.05.027

66


https://doi.org/10.1016/j.oceaneng.2021.108587
https://doi.org/10.1016/j.seta.2020.100871
https://doi.org/10.1016/j.enconman.2017.12.011
https://doi.org/10.1016/j.enconman.2020.112473
https://doi.org/10.1016/j.enconman.2018.05.027

