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ABSTRACT

This purposes of this research were to 1) determine thermal conductivity of liquid
petroleum gas stove affecting plaque wind and thermal conductivity of copper to produce
electricity with thermoelectric 2) construct and test electricity production systems from waste heat
by using a thermoelectric and 3) analyze the payback period of added material, sheet copper
electricity with thermoelectric. The research instrument included 4 modules of hot thermoelectric
mounted on a copper plate sandwiched with metal windbreaker made of zinc. The cooler was
equipped with a heat exchanger fins with a cooling fan. The testing temperature was set inside a
closed room 30°C by heat loss from stove liquefied petroleum gas used for power generation
with the thermoelectric that could convert heat into electrical energy by Seebeck.

The findings revealed as follows.

1) The average temperature of the hot temperatures of 220 ° and 185" at a flow rate
of air 0.0281 kg/s maximum power 11.18W resulted in energy conversion efficiency of
thermoelectric was 5.14%, which had the loss heat power from the liquid petroleum gas stove,
and could be used to power small electronic devices.

2) A liquefied petroleum gas stove could generate electricity from waste heat using a

thermoelectric.



3) The analysis of payback period of generated electricity system to generate from the
waste heat from liquefied petroleum gas stove, set up to consider for investment with AA
batteries revealed that the operation of 15 hours led to a payback period of 8.24 years and the
trend of payback period was shorter with a longer duration operating.

Keywords: Thermoelectric, Liquefied Petroleum Gas, Heat Transfer
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aquazgunsaiililunsinddduszun
1. me31ud1dnn3nluga (Thermoelectric Module)
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YUIA 3.5 cmx3.5 emx0.3 em (NMNxe1Ix ) I 4 Tuga lagiouasunueynsy

magu Inl#ih

! ¢
MW 30 masludiann3nluga

2. imseauani)asuanadeunuuasuszennuZeu (Rectangle Fin)
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3. imuiailnsi@eantial (Liquefied Petroleum Gas)
g 9 & A = = Y a J so’ @
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94 v @ o
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4. WinanIz8ANN30HU (Cooling Fan)
9
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nIzUd 0.21A 61"]95}‘1,1/1 DC 5V Made In Taiwan 914U 1 62 ﬂ’NlIL%{'J‘ifJ“LI 7350 ‘iE]“LI/“Lﬂﬁ 90131
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~ A v
MNN 34 HUAAD I
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g ay ¥ . ) v '
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U Q

o 9 A Y o o I 1Y) 9 19 Y a
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7. Falauinu3eu (Silicone)
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Q G
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(. _Unick
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3. !TIE)%INﬁ‘IJﬁJE’I (Thermocouple)
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'
1 =

uiinguugll ManuamIAnaeY +0.3°C (0.05%)

A

MW 39 memedlusiidla



53

4. mmumulsuala
1 % a 4 a g a
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5. in3esTamalWihuuundesas (Clamp On Power Meter)
inseaiietania i munadesare il ifunanisnaans 3o UNLT
Clamp meter UT204A (AC/DC Digital LCD Clamp Multimeter DMM Voltmeter 600A)
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6. in30sFamaIimuasnea (Digital Multimeter)
seaiiotan1a i uuasaeafild 897e Clarke CDM45 Professional
Digital Multimeter, Voltage measuring ranges : AC (5) 100uV to 700V (rms), DC (5) 100puV to
1000V anuaaanasudmsuiaus s lihazanuaiadnd Wi + 3% Falunisnaass

medmsuiaussau Iihuazanuaiadng Tl

MNA 42 n3eaiYama Wi muuflnea

7. 1IA399TNNHINADADA

9

o ¥ @ 2] 4 U aa 1 a o
msenyriaiminunaldinsesaddnoa 8o CST ju CDR - 30 Taeiing
faedalagega 30 kg A maziBealun1so u 1 guazunusIduawaaivulg
1 4 1A ° o & ¥ v o A
218 mmx 260 mm (N$13x 812) wazmanuaaanaon iy +1 ¢ dmsvdaiminduield

° ¥ o )
Tumsawramnihvinung

! e —i

= A4 o T o aa
HNN 43 IATIVIMNHUNLVUAINDA



55

a

8. InseeTAnIIaNazgUngT
A [ < Ay N
IATDIIANITINLIINY ¥1iD Testo nnUszmaeasuil JU Testo 425 MUTE
9 [ o < ' a
’s’f’l‘l’iiﬂx‘]'luﬁﬂﬂ’J'Illli')allsll’EN58‘]J1JT]’E]E’11I11!ﬂ58°]J’JHﬂ'I§Nﬂ@I, au“lmz‘umzmﬂmmﬁ Iﬂﬂﬁ
v W < a & Ao 4 o
AR IANNUD Hotwire ARAINA1AT09 Wion Telescope 1/50A1m812 14 gaga 820
1 @ < a 1 4
mm - YWNNIIIA : AIULTIAN 0 5\1 20 m/s / UNHY -20 5\1 + 70 °C Iﬂﬂﬁﬂ']ﬂ?']ﬂﬂﬁ'lﬂmﬁﬂu

d1mFuTan1uE 01 £(0.03 m/s +5% of mv.) LAY gaNYL £0.5 °C (0 4 +60 °C)

d‘ 4’ U [ a aa
MNN 44 IN393IANNNLIIaNLASIMHANUDVAIANDA
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v 2 ) v Y 1
M3 1.1 mmsnaasudesduiiomdnisguuginuzauununulanenuaui

MuUNaT Nens1N3 IMaeImer 0.0281 ke/s

1I21NAADI(min) Cl C2 C3 C4 C5 Co6 Cc7 C8 Cc9
1 30.00 30.00 30.00 30.00 30.00 30.00 28.60 | 28.00 | 25.87
2 37.00 34.5 35.00 35.00 34.50 35.00 30.40 | 30.35 | 28.87
3 45.00 46.8 45.00 45.00 46.80 45.00 33.54 | 33.56 | 29.76
4 60.00 57.9 60.00 60.00 57.90 60.00 40.43 | 35.87 | 30.65
5 75.00 60.7 75.00 75.00 60.70 75.00 45.76 | 38.96 | 31.77
6 80.00 70.5 80.00 90.00 70.50 85.00 50.32 | 43.57 | 32.43
7 95.00 78.9 95.00 110.00 80.00 100.00 | 55.47 | 47.89 | 33.45
8 99.00 83.5 107.30 | 130.00 95.00 103.00 | 60.43 | 53.54 | 33.89
9 104.00 93.6 115.20 | 153.80 | 104.00 | 107.00 | 66.57 | 57.89 | 34.52
10 107.00 96.8 117.00 164.80 107.00 113.00 | 74.88 | 60.43 | 34.78
11 113.00 104.9 120.20 173.70 113.00 115.00 | 78.57 | 63.26 | 36.43
12 116.00 106.4 123.20 185.00 120.20 117.00 | 79.67 | 65.76 | 36.67
13 119.00 106.9 123.20 194.00 123.20 117.00 | 80.47 | 66.54 | 36.98
14 127.00 107.5 122.40 198.00 129.50 116.00 | 83.67 | 67.86 | 37.43
15 129.00 107.4 123.90 | 204.00 130.00 118.00 | 84.77 | 68.43 | 37.76
16 134.00 108.6 122.50 | 210.00 139.00 119.00 | 85.97 | 68.88 | 38.76
17 138.00 109.3 120.60 | 215.00 139.00 120.00 | 86.67 | 69.65 | 38.98
18 139.00 109.8 125.20 | 216.00 140.00 120.00 | 87.32 | 69.89 | 39.66
19 139.00 1104 129.50 | 219.00 148.90 118.50 | 89.77 | 69.98 | 39.86
20 140.00 110.00 130.00 | 220.00 150.00 120.00 | 90.00 | 70.00 | 40.00




&3

a

M9 1.2 Amsnaaesigurgl 120°C N9a31M3 1vao1ne 0.0281 ke/s

U

VoiagauN 120 999

Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 28.30 27.70 0.60 0.00 0.00 0.00
1 56.50 27.90 28.60 0.58 0.14 0.08
2 107.30 29.30 78.00 3.11 0.35 1.09
3 125.20 30.80 94.40 3.92 0.49 1.92
4 117.00 31.70 85.30 372 0.42 1.56
5 120.20 32.00 88.20 3.84 0.46 1.77
6 123.20 32.20 91.00 3.98 0.52 2.07
7 123.20 32.50 90.70 4.01 0.58 2.33
8 122.40 32.40 90.00 3.98 0.50 1.99
9 123.90 32.50 91.40 4.04 0.59 2.38
10 122.50 32.50 90.00 3.94 0.54 2.13
11 120.60 32.40 88.20 391 0.50 1.96
12 125.20 32.50 92.70 4.01 0.62 2.49
13 119.50 32.70 86.80 3.92 0.58 227
14 124.60 32.50 92.10 3.98 0.63 251
15 118.90 32.50 86.40 3.90 0.60 2.34
16 122.90 32.40 90.50 4.00 0.65 2.60
17 118.50 32.50 86.00 3.90 0.62 2.42
18 123.60 32.50 91.10 3.94 0.66 2.60
19 117.50 32.40 85.10 3.89 0.64 2.49
20 120.50 32.40 88.10 3.93 0.66 2.59




M3197 1.3 AINInaaeIigum

a

U

23 170°C N9A51015 1Mae1ne 0.0281 kg/s

&4

Howagugdii 170 0am
Time (¥17) T (Hot) C T (Cool) C At V (Output) 1A | PW)
0 29.10 27.90 1.20 0.00 0.00 0.00
1 105.20 28.80 76.40 2.82 0.38 1.07
2 153.80 31.60 122.20 5.12 0.51 2.61
3 164.80 33.60 131.20 5.76 0.62 3.57
4 173.70 35.10 138.60 6.21 0.65 4.04
5 171.60 34.40 137.20 6.44 0.75 4.83
6 170.50 35.50 135.00 6.12 0.72 4.41
7 173.00 35.80 137.20 6.54 0.76 4.97
8 172.70 36.10 136.60 6.18 0.73 451
9 172.10 35.70 136.40 6.10 0.70 4.27
10 171.50 36.40 135.10 6.46 0.70 4.52
11 176.70 36.40 140.30 6.46 0.80 5.17
12 170.10 37.20 132.90 6.47 0.75 4.85
13 171.40 36.20 135.20 6.35 0.74 4.70
14 173.90 36.90 137.00 6.59 0.82 5.40
15 168.20 37.00 131.20 6.42 0.80 5.14
16 170.80 36.90 133.90 6.51 0.85 5.53
17 171.10 37.00 134.10 6.51 0.85 5.53
18 174.40 36.90 137.50 6.63 0.90 5.97
19 172.20 37.10 135.10 6.54 0.87 5.69
20 172.60 36.90 135.70 6.60 0.95 6.27




&5

a

M99 1.4 AIMsnaaeIngurgl 220°C N9A51M3 1Ma01Mf 0.0281 ke/s

U

a

Yoyagaugii 220 o9

Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 28.70 28.40 0.30 0.00 0.00 0.00
1 110.50 29.90 80.60 3.20 0.72 2.30
2 164.30 33.90 130.40 5.80 0.94 5.45
3 194.40 34.60 159.80 7.14 1.13 8.07
4 204.00 36.60 167.40 7.88 1.16 9.14
5 210.00 37.80 172.20 8.27 1.21 10.01
6 215.00 38.60 176.40 8.51 1.21 10.30
7 216.00 38.60 177.40 8.67 1.23 10.66
8 219.00 38.50 180.50 8.79 1.24 10.90
9 220.00 38.40 181.60 8.87 1.26 11.18
10 221.00 38.40 182.60 8.92 1.26 11.24
11 223.00 38.50 184.50 8.96 1.29 11.56
12 223.00 38.60 184.40 8.97 1.29 11.57
13 223.00 38.60 184.40 8.94 1.28 11.44
14 223.00 38.55 184.45 8.94 1.28 11.44
15 223.00 38.55 184.45 8.96 1.29 11.56
16 223.00 38.55 184.45 8.96 1.29 11.56
17 222.00 38.60 183.40 8.94 1.28 11.44
18 223.00 38.60 184.40 8.94 1.28 11.44
19 224.00 38.60 185.40 8.96 1.29 11.56
20 224.00 38.60 185.40 8.97 1.29 11.57




M3197 1.5 AInInaaeIngum

a

U

23 120°C N9A5105 1Ma®IN9 0.0256 kg/s

86

Howagugdiii 120 0am
Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 30.49 30.29 0.20 0.00 0.00 0.00
1 93.29 32.29 61.00 2.72 0.15 0.41
2 122.50 33.49 89.01 3.89 0.19 0.74
3 120.29 34.49 85.80 4.15 0.24 1.00
4 121.50 34.15 87.35 4.16 0.24 1.00
5 119.75 35.00 84.75 3.81 0.24 0.91
6 122.50 35.29 87.21 3.15 0.25 0.79
7 122.95 35.49 87.46 3.97 0.25 0.99
8 123.56 35.49 88.07 3.87 0.28 1.08
9 119.29 34.99 84.30 3.75 0.26 0.98
10 123.09 35.19 87.90 4.05 0.32 1.30
11 121.35 35.00 86.35 3.85 0.32 1.23
12 122.67 35.49 87.18 4.05 0.36 1.46
13 120.87 35.49 85.38 4.05 0.36 1.46
14 122.59 35.49 87.10 4.05 0.39 1.58
15 120.59 35.49 85.10 4.03 0.43 1.73
16 120.96 35.49 85.47 4.03 0.45 1.81
17 122.39 35.75 86.64 4.00 0.48 1.92
18 122.99 35.79 87.20 4.04 0.49 1.98
19 120.59 35.79 84.80 4.02 0.53 2.13
20 120.15 35.59 84.56 4.00 0.53 2.12




&7

a

M99 1.6 AMMsnaaesigurgl 170°C Noa31M3 1Ma01n# 0.0256 ke/s

U

a

Yoyagaugiii 170 09

Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 28.70 28.40 0.30 0.00 0.00 0.00
1 98.50 31.29 67.21 2.68 0.19 0.51
2 118.90 32.79 86.11 475 0.25 1.19
3 140.25 35.19 105.06 5.82 0.37 2.15
4 153.70 36.49 117.21 6.24 0.39 2.43
5 160.50 37.29 123.21 6.41 0.43 2.76
6 165.70 40.29 125.41 6.38 0.45 2.87
7 169.90 40.79 129.11 6.48 0.48 3.11
8 169.49 41.39 128.10 6.48 0.48 3.11
9 171.29 41.89 129.40 6.49 0.49 3.18
10 172.79 42.09 130.70 6.51 0.58 3.78
11 174.90 42.69 132.21 6.50 0.58 3.77
12 170.49 42.49 128.00 6.52 0.58 3.78
13 173.79 42.39 131.40 6.53 0.59 3.85
14 170.29 43.29 127.00 6.45 0.67 432
15 169.19 43.19 126.00 6.47 0.67 433
16 170.49 43.29 127.20 6.42 0.69 443
17 170.59 43.09 127.50 6.43 0.69 4.44
18 172.43 42.89 129.54 6.47 0.75 4.85
19 170.49 42.99 127.50 6.44 0.75 4.83
20 172.59 43.19 129.40 6.44 0.73 4.70




3197 1.7 MINInaaeIngum

a

U

03 220°C N9ATIN5 1MaLINIA 0.0256 kg/s

&8

Howagugdiil 220 0am
Time (¥17) T (Hot) C T (Cool) C At V (Output) 1A | Pw
0 28.70 28.40 0.30 0.00 0.00 0.00
1 114.00 29.80 84.20 3.26 0.38 1.24
2 154.00 32.40 121.60 6.42 0.46 2.95
3 181.00 34.60 146.40 6.77 0.53 3.59
4 190.00 36.40 153.60 6.93 0.66 4.57
5 195.00 37.40 157.60 7.10 0.78 5.54
6 199.00 38.70 160.30 7.40 0.89 6.59
7 201.00 38.60 162.40 7.50 0.89 6.68
8 202.00 38.90 163.10 7.60 0.89 6.76
9 203.00 39.00 164.00 7.60 0.89 6.76
10 203.00 39.80 163.20 7.60 0.89 6.76
11 206.00 39.10 166.90 7.50 0.86 6.45
12 208.00 39.40 168.60 7.60 0.89 6.76
13 210.00 40.20 169.80 7.60 0.89 6.76
14 215.00 41.80 173.20 7.60 0.89 6.76
15 216.00 42.70 173.30 7.60 0.89 6.76
16 219.00 43.20 175.80 7.50 0.87 6.53
17 220.00 43.70 176.30 7.60 0.89 6.76
18 221.00 4430 176.70 7.60 0.89 6.76
19 223.00 44.20 178.80 7.60 0.89 6.76
20 223.00 44.40 178.60 7.50 0.85 6.38




M3197 1.8 AINInaaeIigum

a

U

23 120°C N9A51015 1Mae1ne 0.0191 kg/s

&9

Howagugdiii 120 0am
Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 28.89 28.99 0.10 0.00 0.00 0.00
1 91.99 30.19 61.80 2.56 0.15 0.38
2 113.39 30.19 83.20 3.59 0.19 0.68
3 119.79 32.49 87.30 3.86 0.23 0.89
4 119.79 35.19 84.60 4.10 0.23 0.94
5 120.79 35.99 84.80 4.00 0.24 0.96
6 119.49 35.99 83.50 4.06 0.24 0.97
7 121.99 36.29 85.70 4.13 0.26 1.07
8 120.39 36.29 84.10 4.08 0.26 1.06
9 121.59 36.29 85.30 4.17 0.26 1.08
10 121.99 36.49 85.50 4.13 0.29 1.20
11 121.79 36.49 85.30 4.11 0.29 1.19
12 121.49 36.29 85.20 4.10 0.29 1.19
13 121.19 36.29 84.90 4.09 0.32 1.31
14 121.09 36.29 84.80 4.10 0.32 1.31
15 121.69 36.49 85.20 4.11 0.36 1.48
16 121.69 36.49 85.20 4.13 0.36 1.49
17 121.39 36.49 84.90 4.11 0.38 1.56
18 121.29 36.29 85.00 4.00 0.40 1.60
19 119.49 36.29 83.20 4.00 0.40 1.60
20 120.69 36.29 84.40 4.06 0.44 1.79
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a

M990 1.9 Amsnaaesigurgl 170°C N9a31M3 1vae1ne 0.0191 ke/s

U

a

Yoyagaugiii 170 09

Time (¥17) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 28.09 27.99 0.10 0.00 0.00 0.00
1 90.79 29.39 61.40 2.90 0.15 0.44
2 137.59 31.79 105.80 3.50 0.19 0.67
3 158.79 34.09 124.70 4.60 0.23 1.06
4 166.49 35.79 130.70 5.10 0.28 1.43
5 170.09 36.69 133.40 5.30 0.34 1.80
6 168.69 37.09 131.60 5.60 0.30 1.68
7 170.99 37.09 133.90 5.90 0.33 1.95
8 171.29 37.29 134.00 5.90 0.33 1.95
9 170.99 37.29 133.70 5.90 0.33 1.95
10 171.49 37.39 134.10 6.00 0.35 2.10
11 171.59 37.59 134.00 6.10 0.35 2.14
12 171.99 37.49 134.50 6.00 0.35 2.10
13 172.19 37.59 134.60 6.00 0.37 222
14 170.29 37.59 132.70 5.90 0.37 2.18
15 170.59 37.39 133.20 5.93 0.39 2.31
16 169.79 37.79 132.00 5.90 0.39 2.30
17 169.79 37.59 132.20 5.92 0.43 2.55
18 170.69 37.59 133.10 6.04 0.45 2.72
19 170.49 37.59 132.90 6.02 0.49 2.95
20 170.49 37.59 132.90 6.04 0.53 3.20
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a

M99 1.10 AMsnaaeeiigurgl 220°C Noa31M3 1Mae1Me 0.0191 ke/s

U

a

Yoyagaugii 220 o9

Time (S) T (Hot) C T (Cool) C At V (Output) 1(A) P(W)
0 29.80 29.79 0.01 0.00 0.00 0.00
1 103.29 32.80 70.49 2.93 0.18 0.53
2 140.70 34.60 106.10 4.86 0.25 1.22
3 170.50 36.70 133.80 5.23 0.29 1.52
4 190.70 37.50 153.20 6.83 0.34 2.32
5 206.40 38.90 167.50 7.50 0.38 2.85
6 217.80 42.70 175.10 8.16 0.43 3.51
7 218.60 47.80 170.80 8.16 0.47 3.84
8 220.70 47.80 172.90 8.19 0.49 4.01
9 220.50 46.70 173.80 8.17 0.49 4.00
10 218.80 46.90 171.90 8.18 0.55 4.50
11 218.80 47.80 171.00 8.20 0.57 4.67
12 220.30 47.80 172.50 8.18 0.57 4.66
13 220.60 47.70 172.90 8.18 0.59 4.83
14 219.70 46.80 172.90 8.20 0.65 5.33
15 219.70 46.80 172.90 8.19 0.65 532
16 219.20 46.76 172.44 8.20 0.68 5.58
17 220.00 47.60 172.40 8.18 0.73 5.97
18 220.70 47.70 173.00 8.19 0.76 6.22
19 220.10 47.75 172.35 8.20 0.76 6.23
20 220.30 47.80 172.50 8.20 0.76 6.23
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