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Investigation into solar radiation absorption performance of
nano-porous aluminum sheet
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Abstract: In order to alleviate the energy problem,and the efficient use of clean, pollution-free
and renewable solar energy resources, the anodic oxidation method was used to prepare nano-
porous aluminum sheets with pore diameters of 30nm and 400nm, respectively. The absorption
properties of the nano-porous aluminum sheets with different solar radiation intensities were stud-
ied experimentally, and the polished aluminum sheets were set as the comparison object. The test
results show that the solar radiation absorption performance of 30nm nano-porous aluminum sheet
was 64. 7% higher than polished aluminum sheet when the ambient temperature was 22 “C, the
radiation intensity was 300W/m’ and the test time was 3h. The absorption coefficient decreased
linearly with the experimental time, and decreased gradually with the increase of surface tempera-
ture. The surface absorption coefficient decreases with the increase of radiation intensity, and
tends to be constant when the radiation intensity reached 800W/m?.
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Fig. 1  Structure diagram of test platform
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Tab.2 Amount of heat absorption of different aluminum sheets per unit area

MR

B AT AR B / () e m

20min 40 min 60 min 80 min 100 min 120 min 140 min 160 min 180 min S
WEE A 7.84  15.88 19.73 26.29 33.47 36.23 37.10 38.39 41.73 28.52
30 nm fHFLEH A 15.12  29.29 35.04 42.45 49.84 52.61 53.45 54.75 58.96 43.50

400 nm fHFLER A 12.56  25.25 29.51  35.

42.43  44.75 46.04  46.87  50.66 37.08
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Fig. 2 Amount of heat absorption of different
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Tab. 3 Model coefficients and average relative errors of different aluminum sheets (heat absorption model)

MR A Q. B8 B AR N 1R 22/ %
WOLE A 7718.9 0.008 7 1.9
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400 nm LR T 7 965. 8 0.013 8 1.7
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Tab.4 Temperature rising rate of different aluminum sheets
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WSS A
20 min 40 min 60 min 80 min 100 min 120 min 140 min 160 min 180 min  F3
W A 0.092 0.095 0.045 0.078 0.085 0.032 0.010 0.015 0.043  0.055
30 nm fHfLEE A 0.178 0.180 0.068 0.088 0.088 0.032 0.010 0.015 0.050  0.079
400 nm M fLEH A 0.148 0.150 0.050 0.073 0.080 0.027 0.015 0.010 0.045  0.066
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Tab.5 Temperature rise time of different aluminum sheets
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Tab. 6 Model coefficients and average relative errors

of different aluminum sheets (heating time modeD)

WA R A B PEMEXRZE/ %
L A 1.32 4,02 0.7

30 nm AL A 0.40 4,36 1.0

400 nm FFLER A 0.70 3. 65 1.6
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Tab. 7 Absorption coefficients of different aluminum sheets

UL EX 4
s A
20 min 40 min 60 min 80 min 100 min 120 min 140 min 160 min 180 min ¥4
Y648 B 0.22 0.21 0.20 0.18 0.17 0.16 0.15 0.13 0.12 0.17
30 nm fHFLE A 0.40  0.39  0.34  0.31 0.27 0.24 0.21 0.19  0.17 0.28
400 nm ffFLES A 0.35 0.34 0.29 0.26 0.24 0.21 0.18 0.16 0.14 0.24
0451 M 7. F 5. K 6 AT IR LT 458 .
| = W)Y a) 30 nm fLFLES 7 - R ECh 0. 28,400 nm
0.40 . . o 30111111;75(”1‘L’LEJ|
. s 400 nmfLA T LR R SE B R BN 0. 24, L6 4R A IR
SRR | I
. nmBALES T HUA ZEHh0.17;
0,30 Ca S 400 nmBALAE o - X o
b, ~ % b) = FER R W A ZR A I ) e 2 P 3 R
=025 . , " " .
B S N B,30 nm FLES B 2 A IR R BRY R BER A
e 0.077/h,400 nm HCFL R H- % U 2 B F FE %
0150 I S 0.070/h L IEHS - MR M R By T W40 0,033/
0103640 60 0 100 130 140 160 180 200 ©) BORBAL G 5 0068 T MR B2 22 B
I 1] /min A (8] 28 1 A8 /N, 30 nm f8fL4R A5 400 nm #FLER F

5 AN IR BRI e R 5 B e ) 22 b ity 42 [
Fig. 5 Absorption coefficients of different aluminum

sheets with time
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Fig. 6 Absorption coefficients of different aluminum

sheets with temperature rise
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Tab. 8 Model coefficients and average relative errors

of different aluminum sheets

(surface absorption coefficient model)

WL AR R k b SRR 2 %
G 48 —0.000 6  0.234 4 5.6

30 nm AL A —0.0015  0.4300 5.4

400 nm f{fLER A —0.0014  0.376 0 4.2
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Tab. 9 Absorption coefficient test values of aluminum

sheets with different radiation intensities
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(Wem %)
W LA WAL A
100 0.26 0. 39 0.33
200 0.15 0.21 0. 20
300 0.12 0.17 0.14
400 0.10 0.17 0.13
500 0.10 0.15 0.12
600 0.09 0.15 0.11
700 0.08 0.14 0.11
800 0.08 0. 14 0.10
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Fig. 7 Absorption coefficients of aluminum sheets

with different radiation intensities
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Tab. 10 Model coefficients of different aluminum sheets (surface absorption coefficient-radiation intensity model)

WA 4R A a B X RE R

bG48 R 0.084 9 0.260 1 0.008 1 0.977 7
30 nm AL 0.143 3 0.392 1 0.008 6 0.995 2
400 nm WAL R 0.102 8 0.331 6 0.007 4 0.992 4
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Tab. 11 Deviation of calculated values and test values of aluminum sheets with different radiation intensities
R R/ fOLER R WL R 30nm LS 7 Wi R # 400nm AL AR Wl FR %
(Wem™®) 34581 W E w2 RN 3 W iR WA {E w2
100 0. 26 0. 26 0. 00 0. 39 0. 39 0. 00 0.33 0.33 0. 00
200 0.16 0.15 0. 06 0.25 0.21 0.16 0.21 0. 20 0. 05
300 0.12 0.12 0. 00 0.19 0.17 0.11 0.15 0. 14 0. 07
400 0. 10 0.10 0. 00 0.16 0.17 0.06 0.13 0.13 0. 00
500 0.09 0.10 0.11 0.15 0.15 0. 00 0.11 0.12 0.09
600 0.09 0.09 0. 00 0.15 0.15 0. 00 0.11 0.11 0. 00
700 0.09 0.08 0.11 0.14 0.14 0. 00 0.11 0.11 0. 00
800 0.09 0.08 0.11 0.14 0.14 0. 00 0.10 0.10 0. 00
1y 0.049 0. 041 0.026
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Tab. 12 Comparison of surface absorption coefficients between different literatures

Fr5 WHo & EE s3] W F /U

1 R 15 IR 0.68 455 R U R B )
2 X g FEIR A 0.83 WUJZ v s B B i A
3 Z {0 LR ) 0. 74 A A

4 JE AR AR IIIRA SR 0. 86 BWOLIE B

5 Gaol" IRE 0.92 i 5 T S AR
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