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Study on the tree-mimic array of solar cell modules
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Department of Mechanical Engineering, Hanbat University, Daejeon 305-719, Korea

Abstract

This study is about the installation of the solar cell modules. The solar cell modules are built by the tree-mimic
structure, and the performance is compared with that of the flat-plate type solar cell module installation. The
mathematical tree model, which was suggested by Fisher and Honda, is utilized to determine the location of the
solar cell modules for the tree-mimic type. The experiment shows that the generated electric power of the
flat-plate type is higher than that of the tree-mimic type by 30% for one month of July. This lower performance
for the tree-mimic type comes from the shading effects among the solar cell modules. The theoretical calculation
for the absorbed solar radiation on the two types of solar cell installation shows that the tree-mimic type is higher
than the flat-plate type by 85%. The shading area for the tree-mimic model is calculated with time by using the
3D-CAD, which will be utilized for the optimization of the tree-mimic model in the future.
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m: Number of branch complexes in a tier

a:  Altitude of sun [Rad] uwQa: Amount of radiation absorbed by the

as: The normal to an inclined slope in upper surface of a tilted plate [W/m’]
terms of its altitude angle for slope R.: Longwave thermal radiation from
[Rad] clear skies [W/m?]

«ar: Short wave absorptance [-] Ry Longwave radiation from ground [W/m]

N : Order of branching Ro:  Ratio of adjacent segments of the erect

n: Number of branch tier leader axis
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Rp: Ratio of the length of the first branch
unit of the complex to the subtending
segment of the leader axis

Scosdi © Direct solar radiation [W/m?]

z . Zenith angle [rad]

as ' The normal to an inclined slope in

terms its azimuth angle for slope [rad]

a - Azimuth angle [rad]

@  Altitude of the observer [rad]

O : Slope angle [rad]

6y; ° Angle between the leader axis and
the first unit of the branch complex [rad]

Subscript

(o

Radiation amount by diffusion or scattering
h : Hour angle, horizontal
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Fig. 1. Leader axis(trunk); T}, and 7}, ,,, apex and
base of leader

Fig. 2. Lateral branch patterns in xy plane
with different orders of bifurcation (N)
as indicated.
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Fig. 3. Leaf surface area of a whole in xy plane with
N=5; leaf area approximated by a circle of
radius.
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Fig. 4. Photograph for the tree-mimic installation of
the solar cell modules.
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Fig. 5. Experiment diagram.

Table. 1. Specification of the solar meter and power meter.

Solar meter Power meter
Measurement 9
range 0 - 2000 W/m?,| 600V, 20A
Resolution 0.1 W/m? N/A
o)
Accuracy |+ 10W/m? £5%| 10 Of
reading
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Fig. 6. Comparison of the electric power between the plate
type and tree-mimic type solar cell installation with
the solar radiation amount. (22th June.)
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Fig. 7. Comparison of the electric power between the plate
type and tree-mimic type solar cell installation with
the solar radiation amount. (29th July.)

Table. 2. Comparison of the electric power generation
between the tree-mimic and the flat plate model.

(Average
solar . Plate Tree-mimic

radiation) | Resistance | o ur | o (w)

(w/m?)
505.5 4.97 1.84
408.8 4.67 12
496.7 330 Q 2.23 1.0
500.3 1.61 1.14
513.1 2.33 19
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Fig. 8. Variation of the Azimuth angle and the Solar
radiation on the tilted solar cell with time.
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Table. 3. Comparison of the amount of solar radiation
between the plate type and tree-mimic type
solar cell installation (W).

day June 22th | June 23rd | July 20th |July 27th
Plate type [2429 W |2429 W |2407 W |2476 W
;;fmc W1 W [2641 W [2599 W |2686 W
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Table. 4. Shading area(%) with day and hour

3
qayer | ]2 YA ST G R AMAEE Ag 5 AT
8 hr 0| o] o181 175 246 175 2) #5939 Wae 25 b Shading & 3}
9hr | 0 | 193] 186 92| 29| 26 | 25 F sk @S ), FEPd el v
10 hr | 881 206 121] 88| 126 123 ] 105 of mEdhs Al UA S BaE wid
Whe | 98] 117 131] 6.1 13.1] 102 ] 131 of "l 85% | =7 vebgt

12 hr | 18] 131] 102] 85| 14| 117 105 (3) 3D CADE &&3te] =594 BlFdA]
13hr | 88| 68| 76| 88| 11.7| 10.1 | 10.1 2% vj<d o Shading®S A4re & 2l
14 hr | 246| 26| 57| 11.7| 126 114 | 82 o™ shading &3+ B 17 v
15 hr | 246| 19.1| 158| 76| 26| 53 | 6.1 2 obH I Ay Aol A3 12A15-H 2
16 hr | 0 | 184| 200 96| 135| 123 | 10.8 A 7FA = shading® AFo] Aoja o s =z
17hr | 0| 0| 0205 95|120]| 96 oo B 2 9o}
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