(a) Baseline model (b) Model with 15° solar panel

(c) Model with 30° solar panel (d) Model with 45° solar panel
Figure 12. Vector-based mean wind field for models with solar panel mounted on roof edge
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Figure 13. Impact of solar panel (mounted on roof edge) on wind energy potential at z=1.10H, 1.15H and 1.20H
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Figure 14. Impact of solar panel (mounted on roof edge) on minimum hub height 7,
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3.2.2 Solar panel mounted on parapet wall

The scenarios of solar panel mounted on the top of parapet wall are investigated in this section,
which aims to study the feasibility of using solar panel (or some type of active devices) to improve
the wind energy potential for the case with only parapet wall (previously considered unfavorable
for wind energy harvesting). The wind fields for model of the 40mm parapet wall (as the reference
model) and solar panel mounted on the parapet wall (with tilting angle of 15°, 30° and 45°) are
presented in Fig. 15, showing the mean wind speed U, turbulence intensity /. and the skewness
angle 6. The the vector-based representation of the mean wind field is shown in Fig. 16. It is noted
that the impacts of solar panel are not as significant as that of solar panel mounted directly on the
roof edge. Variations in U and /, mainly occur near the roof, while the impact on 6 can reach up
to a higher elevation.

To clearly show the wind energy potential impacted by solar panel mounted on the parapet
wall, the flow characteristics of three typical elevations at z = 1.10H, 1.15H and 1.20H are shown
in Fig. 17. For the mean wind speed, 30° tilted solar angle can significantly contribute to increasing
Uatz=1.10H and 1.15H, compared with the relatively small impact of 15° tilting angle and the
general negative impact of 45° tilting angle. The impact of various tilting angles on U becomes
insignificant at z = 1.20H. Regarding turbulence intensity, 30° tilted solar panel can effectively
reduce /. at both at z=1.10H and 1.15H for all measurement locations, while 15° and 45° tilting
angle generally have opposite effects on /. at different elevations and measurement locations,
which are not as promising compared to 30° tilting angle. The impact of tilting angle on /, become
less significant at a higher elevation of z = 1.20H. In terms of the skewness angle 6, 45° tilting
angle seems to have the best performance at z = 1.10H, compared to that of 15° and 30° tilting
angle. However, the reduced skewness angle 6 from 45° tilting angle may be unimportant,

considering the small value of mean wind speed U as shown in Fig. 17(a). On the other hand, 30°
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tilting angle can generally increase 6 for z = 1.10H (except for the leeward location 5), while 15°
tilting angle only increases @ for windward location 1 and 2. At higher elevations of z=1.15H and
1.20H, the differences in 6 resulting from various tilting angles are less significant, where only a
slight improvement due to the 30° tilting angle is observed. The minimum hub heights Amin of
horizontal-axis wind turbines are shown in Fig. 18 for models with different tilting angles. The
obtained results clearly show that solar panel with 30° tilting angle has the best performance in
terms of reducing the hub height for buildings with existing parapet wall, which also aligns with
previous conclusion for the stand-alone solar panel on roof edge. The good performance of 30°
tilted solar panel, mounted on the roof edge and on the parapet wall, confirms the promising
potential of enhancing wind energy potentials through modifying the aerodynamic shape of

building roof using active devices.
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Figure 15. Rooftop flow characteristics for models with solar panel mounted on parapet wall
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Figure 16. Vector-based mean wind field for models with solar panel mounted on parapet wall

350



1.3 1.3 1.3 . . .
1.2 —»—Parapet 40mm 1.2 { 1.2 m
1-1 —©—Parapet 40mm + Panel 15° 1~1 1-:
o
09 +Parapet 40mm + Panel 30o 0.9 0.9
.08 Parapet 40mm + Panel 45 .08 .08
£0.7 =07 207
S 06 = 06 = 06
0.5 0.5 0.5 |—»—Parapet 40mm
8; —w—Parapet 40mm 82 —©—Parapet 40mm + Panel 15°
=3 - o . o
0.2 G"\.\ Parapet 40mm + Panel 15o 0.2 Parapet 40mm + Panel 300
0.1 — = Parapet 40mm + Panel 30 0.1 —+—Parapet 40mm + Panel 45
0 : : : : : ——Parapet 40mm + Panel 45° . . 0
-05 -0.32 -0.16 0 0.16 0.32 0.5 -05 -0.32 -0.16 0 0.16 0.32 0.5 -05 -0.32 -0.16 0 0.16 0.32 0.5
x/B x/B x/B
(a) Uatz=1.10H (b) Uat z=1.15H (¢) Uat z=1.20H
1.2 12 1.2
11 1.4 || Parapet 40mm 1.1 —*—Parapet 40mm
1 1 ||~©~Parapet 40mm + Panel 15° 1 —©—Parapet 40mm + Panel 15°
0.9 0.9 Parapet 40mm + Panel 30° 0.9 Parapet 40mm + Panel 30°
0.8 0.8 {|—+—Parapet 40mm + Panel 45° 0.8 ——Parapet 40mm + Panel 45°
0.7 0.7 0.7
—206 —w— Parapet 40mm —>0.6 —>06
0.5} —©—Parapet 40mm + Panel 15° 0.5 0.5
0.4 Parapet 40mm + Panel 30° g; 04
gg —+—Parapet 40mm + Panel 45° 0:2 gg
0.1 0.1 0.1 -
0 0 0
05 -032 -016 0 016 032 05 05 -032 -016 0 016 032 05 05 032 -016 0 016 032 05
x/B x/B x/B
(d) I, at z=1.10H (e) I, at z=1.15H (f) I, at z=1.20H
25
25 —%—Parapet 40mm 25 20!
20 ¢ —©—Parapet 40mm + Panel 15° 20 151
15+ Parapet 40mm + Panel 30° 15 10
107 e —— Parapet 40mm + Panel 45°) 10 |
a1 arapet 40mm
5 "\\ 5 5
& 0f & o . & of
- 1-2 = 1_2 = 1_2 —*—Parapet 40mm
B Parapet 40mm \ —©—Parapet 40mm + Panel 15°
-15+ -15 F|—e—Pparapet 40mm + Panel 15° 15} °
Parapet 40mm + Panel 30
20 20 Parspet40mim + Panl 30° 207 —+—Parapet 40mm + Panel 45°
=25+ ~N -25 F|——parapet 40mm + Panel 45° -25+ P
-30 -30 230
-0.5 -0.32 -0.16 0 0.16 0.32 0.5 -05 -0.32 -0.16 0 0.16 0.32 0.5 05 -0.32 -0.16 0 0.16 0.32 0.5
x/B x/B x/B
(2) 0 at z=1.10H (h) 6 at z=1.15H (i) 0 at z=1.20H

Figure 17. Impact of solar panel (mounted on parapet wall) on wind energy potential at z=1.10H, 1.15H and 1.20H
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4 CONCLUDING REMARKS AND FUTURE DIRECTIONS

Wind tunnel tests are conducted in this study to investigate the flow characteristics and wind
energy potential over flat building roofs with different edge configurations. In total, nine building
configurations are tested in the wind tunnel, including one baseline model, two models with only
parapet wall, three models with solar panel mounted on roof edge, and three models with solar
panel mounted on parapet wall. Compared to the baseline model, the parapet wall generally slows
down the wind speed and increases turbulence intensity as well as the skewness angle, which hence
compromises the harvesting efficiency of wind energy. On the other hand, implementation of solar
panel on the roof edge or on the top of parapet wall can modify the features of the flow separation
and has the potential to enhance wind energy harvesting over the roof. Specifically, the promising
configuration of 30° tilted solar panel is identified, which can generally increase mean wind speed
and reduce turbulence intensity as well as the skewness angle. In addition to providing valuable
data for validating CFD simulations, the obtained results in this study reveal the promising
potential of using solar panels as active devices to adaptively change the roof shape for maximizing
wind power generation. There are also some limitations in this study to be addressed in future
work. Noting that only 0° wind direction is considered in the wind tunnel tests; further
investigations covering a wide range of wind directions are desired in the future to better inform
practical designs of wind energy harvesting devices. Also, this study only empirically identifies
the promising 30° tilting angle of solar panels from a limited number of alternatives and for fixed
approach flow conditions (both roughness and direction); it is ideal to search with a finer resolution
or formulate it as an optimization problem. In addition, this study considers one row of solar panels
on the windward roof edge to isolate their effects, which can be extended to more complex layouts
in future studies. Lastly, the wind loads on the energy harvesting devices (both wind and solar)

need to be assessed for practical implementation.
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APPENDIX

When measuring wind velocity using pressure-based probes, it is desirable that the instantaneous
wind direction lies in the acceptance cone for measurement accuracy. In this study, the five-hole
Vectoflow probes are used to measure the turbulent wind speed above the building roof, which has
a + 60° acceptance cone. Based on these considerations, the data quality is defined in this study as
the percentage of samples whose instantaneous wind angle with respect to cobra probe tip
orientation (i.e., x direction in Fig. 3) is smaller than 60°. The data quality for four representative
cases (i.e., baseline, 40mm parapet wall, 30° solar panel, and the case with 30° solar panel sitting
on 40mm parapet wall) are shown in Fig. A1. Note that only the measurement qualities for bottom
two rows are shown here, above which the data qualities are all 100%. As shown in Fig. Al, the
presence of parapet wall results in a drop in data quality, indicating a low mean velocity and
recirculating flow (and hence poor wind energy potential). On the other hand, the existence of 30°
solar panel can effectively enhance the data quality, potentially through increased mean wind
speed and reduced turbulences. These observations in data quality reinforce the main conclusions

of this study.
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