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CHITIPATH KRAISODA : SOLAR PANEL CLEANING SYSTEM FOR

HOUSE. THESIS ADVISOR : SURADET TANTRAIRATN, Ph.D., 97 PP.

CLEANING ROBOT/CLEANING/SOLAR CELL/2¥ FULL FACTORIAL

At present, solar panel is popularly used for electricity production since it
produces clean energy and has low environmental impacts. However, the solar panel
needs continuously intensive monitoring, in order to achieve the efficient electricity
production and longer its lifespan. Cleanliness of the solar panel was one of the key
impacts on the electricity production. Therefore, there was a need to conduct the study
to enhance the effectiveness of solar panel cleaning. The objective of this research was
to study cleaning parameters affecting the solar panel cleaning efficiency on a household
scale by using the prototype system. The system was using Cartesian structure and water
as cleaning liquid. 2% Full Factorial Design Techniques was conducted with 2 replicates.
Water pressure, speed and air-drying fan were 3 parameters used in the study.
The experimental results showed that water pressure, speed, and air-drying fan-on were
statistically significant to electricity production with 0.05 significant level. The factors

on the electricity production were water pressure, speed, and air-drying fan respectively.
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Residual Plots for POWER
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Factorial Regression: Power versus Pressure, Speed, Fan

Analysis of Variance
Source DF  AdjSS AdiMS F-Value P-Value

Model 7 146259 0.208042 50.58 0.000
Linear 3 136187 04539556 109.88 0.000
Pressure 1 0841871 0841806 203.77 0.000
Speed 1 038131 0.381306 92.30 0.000
Fan 1 013876 0.138756 33.59 0.000
2-Way Interactions 3 003947 0.013156 3.18 0.084
Pressure*Speed T 003331 0.033306 8.06 0.022
Pressura*Fan 1 000607 0.006006 1.45 D.2p2
Speed*Fan 1 000016 0.000156 0.04 0.851
3-Way Interactions 1. 006126 0.061256 14.83 0.005
Pressure*Speed*Fan T 006126 0.081256 14.83 0.005
Error 8 003305 0.004131
Total 13 149564

Model Summary
S R-sq R-sgladj) R-sg(pred)
0.0642748 97.79% 95.86% 91.16%
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Main Effects Plot for Power
Fitted Means
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Interaction Plot for Power
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Cube Plot (fitted means) for Power
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CC Series Flat Fan Nozzle

CC flat fan spray nozzles feature a high
impact solid stream or a flat fan spray pattern
with the spray angles between 0°-110°.

They produce a uniform distribution of
small to medium sized drops. Properly aligned,
the specially tapered spray edges make a
evenly coverage.

CC and CC-L series nozzles have external
piping thread connector and their flow rate
Small capacity (CC) are lower than 3.9 I/min at 3 bar. Inner strainer

1/8"-1/4" is available for CC-L Series nozzle with male

NPT or BSPT(male) connector only. = -
Standard flow rates of CC-N and CC-M bl LT m Fan ceramic core

Series are 3.9 I/min or larger at 3 bar.All have

) B Chemical cleaning
external piping thread connetor. , o
B Product washing /rinsing
W Pressure cleaning ’
i W cooling and quenching CGTC
L}

Fire suppression /

,\; prevention Fan tungalloy

Fire fighting

W Netblanket low
Z = pressure cleaning
E W Spray coating
E W Roller and scraper ordering CTCK
E Medium capacity (CC-N)
o 1/8"-3/4"
(&} NPT or BSPT(male)
3
% Jet stabilizer type CC1/4—SS 6505
w
<

CY21370—8S—1/8x1/8 | ‘' + + |

Nozzle Inlet Material Capacity

t\' / ! & | type  size code  size
y A Jet Material Connection Remang
stabilizer code dimension BRASS
é type SS-stainless steel

316S58-316 stainless steel

Large capacity (CC-M) ‘m

1%-2* Jet stabilizer

NPT or BSPT(male) mmﬁ; l:g:vr:\m ) T E‘ﬁo, BSPT Cmr:ﬁe;?;%[m] High(mm) | Netwsight (kg}
CY21370-1/8x1/8 1/8 1/8 19 0.007
CY21370-1/4x1/4 1/4 1/4 24 0.01
CY21370-3/8x3/8 3/8 38 27 0.03
CY21370-1/8x1/8 % A nN, 32 0.05
CY21370-1/2x1/2 3/4 3/4 38 0.10
CY21370-1x1 1 1 16 0.18
©Y21370-11/ax11/4 118 11 57 0.33

 Design featlfes
With strainer (CC-L) Jet stabilizers installed in the heads of flat fan spray nozzle increase the spray distance
1/8"-1/4" and the durative power. When spray nozzles are installed on T-shape pipe, branching pipe
NPT or BSPT(male) or bend pipe and the fluid swerve into the nozzle, turbulance occurs,which diffuses the jet

flow. The stabilizer minimize the diffusion and concentrate the jet flow through a thinner and
stabler way, offering a better performance in jet distance and durative power.

317 0.3 Data sheet Y9411RANTINALVY (Flat Fan Nozzle)
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Py
Spay - Nozzle Type /Inlet Conn. NPT %E'E Capacity(L/min) Spray angle
angle i = = o<

G| S ||[ECER|GCSL GEsN =M %3510.3 T[2[3|4]5]6]7]10[20[35[1.5]3]6]14
1/8[1/4|1/8|1/4|1/8|1/4|3/8| Yo |3/4| 1 [114] 2 |2 2 bar|bar|bar|bar|bar | bar | bar |bar | bar | bar | bar| bar | bar | bar| bar

5001 | @ |e|e|® 0.66 0.23[0.32[0.390.46]0.51]0.56[0.60[0.72[1.0 [1.3 | 37" [50° [ 50° |65

5002 (@ e e | @ 0.91 0.46/0.64]0.79J0.91[1.0 J1.1 J1.2 [1.4 [20 27 |30°[50° (57|63
5003 (@ e e | @ i1 |o37]oeso97]1.2 [1.4 [1.5 [1.7 |18 ]22 (31 |40 |40°[50°][56"]|62°
5004 |@|e[e[® 1.3 [0.50{0.81]1.3 [1.6 [1.8 [2.0 J2.2 [2.4 (2.0 [41 |54 | 42" [50°[56°|61°
5005 |ejefe]e 1.4 |0.62[1.1 [1.6 [2.0 |23 |25 [2.8 |3.0 [3.6 [5.1 [6.7 | 44"|50° [ 56°|61°

5006 ([ @|efe]e 1.6 |0.75[1.4 [1.9 [2.4 |2.7 |3.1 [33 [3.6 [43 [6.1 [81 | 45°| 50°| 56° | 60

5008 (e |eefe 1.8 [1.0 [1.8 [2.6 [3.2 3.6 [41 [4.5 [4.8 [6.8 [8.2 [10.8] 45"[ 50°[55° [ 60
s010 (e [e[e[e eefe 2.0 [1.2 [2.3]3.2 (3.9 [46 5156 [60[7.2 [10.2]13.5] 45°] 50°] 55°[58°
5015 ele e 24 |19 (340485968 [7.6]a4]90[10.8[153[20 [45°[50°[55]58°
5020 e(ee e 28 |25 [4.6 |6.5 [7.9 [9.1 [10.2]n.2[121]14.4][20 |27 |45"[50°[55°|59°
5030 DD 3.6 3.7 [6.8 |9.7 [11.8[13.7[15.3]16.7[18.1[22 [31 |40 |45°[50° 55 |59°
5040 o e e o 40 |50 )9.1 |13.9/15.8|18.2|20 |22 |24 |29 |41 |54 |46°|50°|54°|59°
- [ 5050 DI 4.4 [6.2 [11.4]16.1]19.7]2a [25 J28 [a0 [36 [51 [e8 [ 46°[50°[54°|59°
50 [5o60 s(e e e 48 |75 [13.7]10.3[24 |27 |31 |33 |3 |43 |61 |81 | 46" 50|64 |50
5070 e oo e 5.2 |87 [16.0/23 |28 |32 |36 39 [42 [50 [71 [e4 | 46°]|50°[54°|59°
50100 e|e|e o 6.4 [12.5[23 |32 |39 |46 [51 |66 [60 |72 [102 |135 | 44" [50° [ 52° | 54°
50120 es|e e e 6.7 [15.0]{27 T30 47 |56 [61 |67 [72 [86 [122 |162 | 44°[50°[53°|565°
50150 e e e 7.5 [18.7][34 |48 |59 |68 [76 a4 [90 [108 [153 |205 | 45°[50°[52°|55°
50200 e (oo 8.7 (25 [46 |64 |79 |91 [102 [112 [121 [144 [205 |270 | 46" ] 50° [ 52° | 55°
50400 . 12750 |91 |129 [158 [182 |205 [225 |240 |290 [410 [540 [ 46°[50° [ 52°|55°
50500 e 13.1 62 114 [161 | 197 [230 |255 [280 [a00 [160 [510 [es0 | 49°]50°[51°]54°
50580 D) 13.9 (72 [132 [187 | 230 | 265 |205 |325 [350 (420 600 |780 | 49°[50° [ 51°|53°
50750 0 15994 [171 |240 [205 [340 [385 |420 [455 [540 |770 [1010[ 48°[50°[ 51" [53°
501000 L4 18.3 /125 |230 |325 |395 |455 |510 [560 |610 | 720 [1020(1350( 49°[50°[51°|563°
501500 @ [ 22,6187 [340 [485 [600 [880 [770 [240 |10 |ios0[1530]2020] 49° [ 50° [51°[52°
502000 ® [ 26.2 250 [460 [650 [790 [910 [1020]1120]1210] 1440] 2040 2700] 49" [ 50° [ 51" [52°
4001 | @ | @ [@ 0. 66 0.32[0.39]0.46]0.51]0.56[0.60]0.72]1.0 [1.3 [ 26" [ 40°[52° [ 58"
40015 | @ |® (@ @ 0.78 0.48/0.59]0.680.76/0.84]0.90(1.1 [1.5 [20 | 27" ] 40° | 52° | 59°
4002 (e e (@ [@® 0.91 0.46(0.64/0.79]0.911.0 |1.1 [1.2 [1.4 [20 [27 | 29" 40°[51°|58°
4003 (@ |® (@ @ Tl 068(0.97]1.2 [1.4 [1.5 |1.7 [1.8 [2.2 [3.1 [40 |30°]|40°][50°|57°

E 4004 | ® e e 1.3 091]1.3 [1.6 [1.8 [20 |22 [24 [29 [41 |54 [30°[40°[50°]56
4005 | @ e (@ 14 11 1.8 [2.0 [2.3 [2.6 [2.8 [30 |36 |51 |67 [31°[40°[49°]56°
£ 4006 | @ ° e 1.6 1.4 110 |24 (2.7 (31 [33 [36 |43 6.1 |81 [31°[40°[49°]55°
I 4008 | ® ® [ 1.8 |1.0 [1.8 [26 |32 |36 |41 |45 |48 [5.8 (82 [10.8] 31" 40°[47°|53°
o 4010 o ee 20 [1.2 (23 [3.2 39 [46 [51 56 [6.0[7.2 [10.2]13.5]32"[40°[45°|48°
[} 40" [a015 ®|e * 24 |1.9 134 /48 [59 |68 7.6 |84 [9.0 [10.8[15.3|20 |32°[40°|45°|48°
4020 o|e|ee 28 |25 [46 65 |79 |9.1 [10.2]1.2[r2.1]14.4]20 [27 [32°[40°[45°[48°
g 4030 elele 3.6 (37 [6.8 [o.7 [1r.e[137[15.3]i6.7[18.1(22 [31 |40 [33°[40°[45 |48°
= 4040 o|eole 40 [50 f9.1 |12.9/15.8/18.2|20 |22 |24 [29 [41 |54 | 34"]|40°[45°|48°
@ 4050 e T [ 44 6.2 [114T16.1]19.7]2a [25 Jos Jao [36 [s1 [es [35°[40°[45°] 48"
) 4060 oo o 48 |75 [137]19.3]24 [27 [31 |33 |36 [43 [61 |81 |35°]|40° |45 |48
4070 ojee 52 [87 [160/23 |28 |32 |36 |39 |42 [60 [71 o4 |35°]40°]45°|48°
< 40100 ele 64 |125/23 [32 [39 |46 |61 |56 |60 |72 [102 [135 | 34" [40°[43° [ 46"
40150 e |- 7.5 [18.7]34 |48 |56 |68 |76 |84 [90 [108 [163 [205 407|437 |44
40200 D 8.7 25 [46 |e4 |79 |81 [102 |112 [121 [144 [205 |270 | 367 40°[42°|44°
2501 DD 0. 66 0.32[0.39[0.46[0.51]0.56[0.60[0.72[1.0 [1.3 | 14" 25" | 34" [42°

2502 e e|e|e 0.91 0.46|0.64]0.79f{0.91 /1.0 J1.1 [1.2 [1.4 |2.0 |27 25°[33° |40
2503 | @ | ® @ |® LB 06sl097|1.2 [1.4 [1.5 [17[1.8 2231 [40 25°[33°[40°

2504 | @ | @ |@|@ 1.3 0.91[1.3 |16 [1.8 [2z0]22 24 [29 [41 |54 25°|32° |38

2505 |e|®|@[® 1.4 1.1 |1.6 |20 [2.3 [2.5 [2.8 [3.0 |3.6 |51 |67 25°[32° 39
2506 | @ |® @ |® 1.6 1.4 (1.9 [24 |27 (3.1 |3.3 |36 |4.3 [6.1 |81 25°[31°[38°
2506 | @ | @ @@ 1.8 1.8 2.6 |32 |36 (41 |45 |48 |56 (82 [10.8 ‘1317 38"
2510 oo oo o|s|e 2.0 2.3 |3.213.0 446 (51 [56 |60 (7.2 [10.2]13.5 AEIEERE
2515 ole . 2.4 3.4 |48 [5.9 [6.8 [7.6 [8.4 [9.0 [10.8[15.3[20 “laar
2520 e|ele e 28 |25 |46 6.5 [7.9 |9.1 [10.2]ir.2][721]14.4]20 [27 NS
25  [2530 o (ole 3.6 |37 [6.8 |97 [11.8]137]15.3]16.7[18.1/22 |31 |40 “[30°[36°
2540 LK) 40 150 |1 [129]15.8]18.2/20 [22 [24 (29 (41 |54 c26°]35°
2550 e e e 4.4 16.2 |11.4]16.1]19.7]23 |25 [28 [30 [36 [51 |68 25°] 26° | 35°

2560 oo e 48 |75 [13.7]19.3[24 |27 [a1 |33 [36 [43 [61 |81 25°|29° |35

2570 e|eo | 52 |87 [160]/?8 [28 |32 [36 89 [42 |50 [71 |94 25°]29° |35
2 e e 6.4 |125/23 |32 [39 |46 60 |72 [102 |135 25° | 28°[32°
25150 e 7.5 |18.7]34 |48 [59 |68 |76 |84 |80 [108 [153 |205 25°] 28° [ 30°
25200 8.7 |25 |46 |64 |79 |81 [102 |112 |121 [144 [205 |270 25° | 26° | 29°
25500 13.1[62 [114 [161 [107 [230 [255 [280 [300 [360 [510 [es0 25 267 [ 29°
25750 | s 15.9]94 |47t 385 [420 [455 [540 [770 |1010 25° [ 26° | 28°
251000 18.7 [125 [230 [325 |a95 [455 [s10 [560 [s10 [720 [1020] 1350 25° [ 267 ] 28°
1501 | @|e|e|® 0. 66 0.32]0.39]0.46]0.51]0.56]0.60]0.72[1.0 [1.3 15°] 24°| 28°
1502 | @ D 0.91 0.64/0.70]0.91]1.0 J1.1 |1.2 [1.4 [20[27 |6° |15°]22°]27°
1503 | @@ |@|® T 0.971.2 1.4 |1.5 |1.7 [1.8 [2.2 [31 |40 6" [15°]22°[27°
1504 @@ @@ 1.3 1.3 1.6 1.8 (20 (27 [24 |29 41547 [15°[21°]26°
1505 (@ |o|e]|® 1.4 1.6 [2.0 2.3 125 |28 |30 |3.6 |51 67 [7° [15°]21°]26°
1506 (@@ (@@ 1.6 1.4 (19 [2.4 |27 [3.1 |33 |36 |43 [61 |81 |8 |15 [21 |26
15 [ 1508 (@ [e[e] @ 1.8 1.8 |26 [32 36 [41 4548 |58 (82 [108[8° [15°]20°]25°
150 (@e|e e eoe 2.0 2.3 (323946 (5156|6072 [10.2]13.6]10°[15°]19°]24°
1515 e|e|e 2.4 34 Jas 506876 a4 90 108]153[20 [10°[15°]19°[24°
1520 elele 2.8 46 |65 [7.0 [9.1 [10.2]n 2f12.1[144]20 |27 [10°[15°] 19°[23°
1530 e|ee 3.6 6.8 (0.7 [11.8]13.7[15.3]u6.7[18.1]22 [31 [40 [10°[15°[19°]21°
1540 o ele 4.0 9.1 [12.0/16.8[18.2{20 |22 |24 |20 |41 |54 |10°)15°)18°|21°
1550 oo e 4.4 11.4]16.1]19.7]23 [25 J28 [30 (36 [51 |68 [11°[15"]|18°]|21°
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StdOrder RunOrder Pressure Speed Fan Power
1 1 1.0 5.5 OFF 1.34
4 2 1.8 11.0 OFF 1.38
15 3 1.0 11.0 ON 1.13
16 4 1.8 11.0 ON 1.75
8 5 1.8 11.0 ON 1.70
9 6 1.0 5.5 OFF 1.19
6 7 1.8 5.5 ON 1.83
10 8 1.8 5.5 OFF 1.79
5 9 1.0 5.5 ON 1.58
13 10 1.0 5.5 ON 1.66
3 11 1.0 11.0 OFF 1.02
14 12 1.8 5.5 ON 1.82
11 13 1.0 11.0 OFF 0.97
2 14 1.8 5.5 OFF 1.80
7 15 1.0 11.0 ON 1.05
12 16 1.8 11.0 OFF 1.54
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Development of solar panel cleaning robot for house
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