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ABSTRACT

Energy crisis and environmental problemshave become the serious issues facing the
world today, attributed to more need and use of energy. It not only results in increasing the energy
price, but also depleting the limited fossil fuel in the near future. Hydrogen is one of the best
alternative energy, because it is the renewable energy which is the compound of water and there is a
huge amount of water on our planet. It is a clean energy with high heating value and can be used
without releasing any pollution to the environment. This research presents an experimental study on
the performance of a hydrogen production system by mean of electrolysis energized by solar
energy.

The study investigated and fabricated the proposed system for equipping with the
existing solar photovoltaic/thermal collector (PV/T). This collector field has effective area about
100 m’ and generates electricity about 300 VDC. A heat exchanger is installed inside the
electrolysis reactor, to control the electrolyte solution temperature at the set point temperature using
the hot water from PV/T system. The tests were conducted to determine the best solution condition
and temperature of electrolyte for the proposed hydrogen production system.

The study results show that among the available solution used in this study, sodium
hydroxide (NaOH) is the best electrolyte compared to the others. Moreover, it is fruitfully available
in the market and cheap. The electrolyte concentration of 0.1 moles per liter outperforms with the
highest hydrogen production rate. Regarding the electrolyte temperature, the study results show that
hydrogen production rate is directly proportion to the electrolyte temperature. It can be concluded
that the important parameters for the proposed system are electric power derived from solar PV/T,

solution substance and temperature of electrolyte.

Keywords: hydrogen production, solar cells, electrolytic
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Physical and chemical properties of hydrogen.

Molecular Weight 2.016

Boiling point @, 1 atm -423.0 °F (-252.8°0)
Freezing point @ 1 atm -434.5 °F (-259.2°0)
Critical Temperature -399.8 °F (-239.9°C)
Critical Pressure 188 psia (12.8 atm)
Density Liquid @ B.P.,1 atm 4.23 Ib./cu.ft.

Density Gas @ 68 °F (20°C) 0.005229 Ib./cu.ft.

Specific Gravity, Gas (Air = 1) @ 68 °F (20°C) 0.0696

Specific Gravity, Liquid @ B.P.,1 atm 0.0710

Specific Volume, @ 68 °F (20°C) 192 cu.ft./Ib.

Latent Heat of Vaporization 389 Btu/Ib.mole
Flammable Limits @ 1 atm in air 4.00% - 74.2% (by volume)
Flammable Limits @ 1 atm in Oxygen 4.65% - 93.9% (by volume)
Detonable Limits @ 1 atm in air 18.2% - 58.9% (by volume)
Detonable Limits @ 1 atm in Oxygen 15% - 90% (by volume)
Autoignition Temperature @ 1 atm 1060 °F (5710C)

Expansion Ratio, Liquid to Gas, B.P. t068 °F (20°C) ~ 1to0 848
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http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B8%AD%E0%B8%AD%E0%B8%99%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%94%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AD%E0%B8%AD%E0%B8%AD%E0%B8%99%E0%B8%AB%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9A%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%8F%E0%B8%B4%E0%B8%81%E0%B8%B4%E0%B8%A3%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B9%84%E0%B8%A5%E0%B8%95%E0%B9%8C
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http://translate.googleusercontent.com/translate_c?hl=th&sl=en&u=http://en.wikipedia.org/wiki/Faraday_constant&prev=/search%3Fq%3DFaraday%25E2%2580%2599s%2B1st%2Band%2B2nd%2B%2Blaw%26hl%3Dth%26sa%3DG&rurl=translate.google.co.th&usg=ALkJrhjEw_hK_4aG1LCQGxe7mU6aG3Etrw
http://translate.googleusercontent.com/translate_c?hl=th&sl=en&u=http://en.wikipedia.org/wiki/Amount_of_substance&prev=/search%3Fq%3DFaraday%25E2%2580%2599s%2B1st%2Band%2B2nd%2B%2Blaw%26hl%3Dth%26sa%3DG&rurl=translate.google.co.th&usg=ALkJrhiILMlIcW4dqnIoL6WkqgAeJBnSMg

Ysanaluldh 1 vhsuad vide 96,487gaemiinliasiiasian Ias lada'ld 1 nfuauya
vio YsanalWih 1 vhawed vie 96.487aemiliIvensnadianinilaga’ld 1 nfuauya
A
130
Ag +e - Ag
B Cu +e —Cu
S vih, @ mldnn
Q=1Xt
A 9 ' s
10 Q = 5w Ivlihwiinegasuii(Coulomb, C)
1 = nszua Irihniae weuual$(Ampere, A)
t= 1281 (second, s)
96,487 aouL(C) 1INMIMUI
iHinsnnlszguessidnasou 1 @ (o) = 1.60210 X 10 uaz 1 Tuasidnasoud
ad o 23a
BIANATOUTIUIU (Na) = 6.02252 X 107 Branasou
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9 v
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Ja 3 a g o o y @ a A4a 2
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UM NUDI0DNHDU = 0.224X32/4

=1.792 ¢
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http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B8%95%E0%B8%B2%E0%B8%A5%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B9%E0%B8%A3%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B9%E0%B8%A3%E0%B8%B4%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%AD%E0%B9%82%E0%B8%A7%E0%B8%81%E0%B8%B2%E0%B9%82%E0%B8%94%E0%B8%A3
http://th.wikipedia.org/wiki/%E0%B8%9E.%E0%B8%A8._2354
http://th.wikipedia.org/wiki/%E0%B8%9E.%E0%B8%A8._2354
http://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%A5%E0%B8%81%E0%B8%B8%E0%B8%A5
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%94%E0%B8%B1%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B8%E0%B8%93%E0%B8%AB%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4
http://th.wikipedia.org/wiki/%E0%B8%9E.%E0%B8%A8._2394
http://th.wikipedia.org/wiki/%E0%B8%9E.%E0%B8%A8._2402
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6.023 x 10”9YN A
[} o v o
Tudla.a. 1811 ouuaTeo1 TamIas ldaneSuasves malianudunusny
o 9 = 9}3}/ a dy [ dy 9 A Vo oA a [
TIUIOUMAYDI MBI IaaIauuAgIuIus 9l “Maitfsmasmnuigurgiinazanuau
=) U A o 1 U o é = 1
@enuazid LU Tumgamny » fuauluanalukie luaiGonitave119m1as (Avogadro’s
number)ttNUA0 N, Iaoh
N,=6.02 x 10" Turana / Twa

v v
S liNdlusnuTuanananuavesmalulFinasinnsane 1an
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PV - RTH30PV = Nk, T (2.16)

{ ° % g
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k,HnUA1AEIv94 TUaMINUA(Boltzmann’s constant) 1agH
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PV =Nk, T
(1.013 x105 N/m")( 1 m’) = N(1.38 x 10 J/K)(273 K)

N =2.69 X 10" molecules
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g n=—— = 44.7 mol
"NA 6.023x1023 molecules /mol me
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(2) yodmsazae (V) A) (min) MUY

(mol / aﬁi) (Q)

10 0.010 95.4 24 28 39.75

20 0.020 943 4.8 20 19.65

30 0.030 92.8 7.6 12 12.21

40 0.040 91.4 10.9 10 8.39

Twideylaasonloa 50 0.050 90.7 134 7 6.77

60 0.060 89.6 16.3 5 5.5

70 0.070 89.1 18.6 4 4.79

80 0.080 88.3 20.7 3 4.27

90 0.090 87.2 23.6 3 3.69

100 0.100 86.4 26.7 2 3.24

Tnunangeonlaason loa 10 0.007 984 14 49 70.29

20 0.014 97.1 1.8 42 53.94
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a ) ag 7
N1319N 4.2 wamimﬁa‘ummmmummmﬁazmamaﬂimvlaﬂ(m)

FHAYDITITAZAE

5nams

' Yy 9 d
MANUINIH  12an  nszua

na ANN
(@ Yoamsazang (V)  (A)  (min) UMY
(mol / 8013) Q)
30 0.021 9.4 25 39 38.56
40 0.029 95.8 3.7 31 25.89
50 0.036 943 42 24 22.45
60 0.043 931 59 20 15.78
Tnuaaiwonlaason lasa 70 0.050 26 65 17 14.25
80 0.057 917 74 13 12.39
90 0.064 91 8.1 7 11.23
100 0.072 908 96 5 9.46
0.12
2
& 0.1
(=]
=
;g ,,;; 0.08
® (©
2 ©
g < 006
o —o—Tanen'lanson laa
2 E 004
E = 4
= 0.02 - Tnua sy lanson Ly
-G
0

0 10 20 30 40 50 60 70 80 90 100

ﬂ'%mmmmmsazmﬂ (2

a o o & ' a s
ETJTI 4.12 ﬂ'J1llﬁ3JW1!ﬁi$1’1'3’]\1']J‘%ll']ﬂ‘lsll’f]\1ﬁ’lﬁa$a'IEJTG]H,@Elllulaﬂi’f]ﬂvl“]fﬂ!lagﬁ'ﬁﬁga']ﬂ

4 [ 1 a
Tnuaaideon laason loa (o) AumaNududuveIaIsazas (mole /an3)
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1t 412 sxinldn dld TwRoulaasenladuay TnuaaiFouleasonlad Tu
Finaiim du arsazane lasdonleasen laaszianududulaamoudlu  mole /Ans NN

asazare Inuamdeonlanson lae

100
95
90
85
80 —o—Tiaenlanson loa

75 )
70 - Tnupasey laason loa

P (v)

ANNAIANE

U

0 10 20 30 40 50 60 70 80 90 100

Enavesmns (g)

d' 7 o d 1 = J
i‘ljﬂ 4.13 mmmrwuﬁizwawﬂ‘%u1mmmﬁ15aza1ﬂIcnmam”lameﬂ"lclfmmzmmzmﬂ

UG

Tnuaaidou laasonlad (g) fumanuaadnglnih v)

. /)
. P

10 —o=Tanden'lsasonlaa

nszuanih (A)

- Tnuaaou laason log

0 10 20 30 40 50 60 70 80 90 100

mnavesas (p)

H % v J 1 o
51U 4.14 anudunusszninfSunavesasazare Isaou laason lsduazaisazay

UG

Tnuaandeonlaasonlad (o) funszualaih (A)
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80

RS
St

Q)

50
40
30
20

10 = 4
0 = TnuaaFonleason lua

—o—Tmiaeulanson lad

MANUMUMY

0 10 20 30 40 50 60 70 80 90 100

Enavesans (g)

d' o o d 1 = J
i‘ljﬂ 4.15 mmmmuﬁizmnﬂ‘%mmmmmiazmﬂTmmam”lameﬂ"lclfmmzmmzmﬂ

UG

J 1Y 1
Tnupadenlaason lad (2) fuannudiumu Q)

60
50
40
30

20 —o—Tmdoulanson lyg

10 = 4
0 - Tnup sy laason loa

g213a1 (min)

v
v

3

0 10 20 30 40 50 60 70 80 90 100

PBnavesas (g)

d‘ o o J ! s J
ETJVI 4.16 ﬂ')']1]ﬁﬂwuﬁﬁgﬁ'JTQlElJ']mﬂl@QﬁTﬁa3@18I“HlﬂﬂilllaﬂﬁﬂﬂqgﬁﬂllﬁgﬁTiﬁgaTﬂ

Tnupandenlansonlad (o) fuTzezIa1 (min)

J
F0IUNANINAADY

{ < 1 was o
1AMInaaedi 4.2 wiiuldhasazaie Tyden laasen lud lqaauiian i 1uih
1 I a < 1
1dan1 sasmanadsunamalalasauldiasinnasazare Tnuaasen'laasen lesa 90

3’/ =) o :&' Y 9 [ ~ s
nalwdoy laasen laamae latwmuitesnain nazsmgnnn Tnuaadeon laason loa
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3| v a s dJ
4.3 Nﬂﬂ]i‘i’lﬂﬂ@ﬂﬂ'J‘IN!‘]Juﬂiﬂ!!ﬂ$ﬂ1\‘]°llﬂﬂﬁ1§ﬂ$ﬂ‘lﬂi’)!ﬁﬂiﬂ§‘lﬂﬂ (pH value)
nmMInuNITIanssuluuni 2 wiuldinm pH  anudAylumswan
[ 2 o J y A < A A o o
ma laTasiou Jevhmsnadouniann pH Tagldin3e9 pH meter 1lunsosiiotanadoy Tagin
o < 1 ag s A ° A 2
mytamanuiunia  -ANvesEIsaza1edan 1ng laa Aldsuaashazaremiuiu

2 = Ay Y [
ANDE 10 g ﬁ]ﬂﬂuﬂﬂﬂ'lﬂulﬂi]'lﬂﬂ'lﬁﬁﬂ

d' o 1 < 1 ad 4
31]7] 4.17 'Jﬂﬂ”lﬂ')”lllﬁ_]l!ﬂiﬂ-ﬂN"U'ﬂ\‘lﬁTiﬁgfﬂTﬂﬂ!aﬂj‘ﬂillﬁ@

mensovenanuiunsaduuavesasazaielasal pH (positive potential of the

hydrogen ions) e mnaasneANNENtuvedlalasioulessu 1) nielalasitienlossu
+ 9 I A [ I 1 AR
1,0) lFuenanuilunsaniedvesaisazats Taoa1 pH wesdisazateuaaenaiuues
Y 9

ANuTNIuvedlalasulossu
pH = -log [H30+]
wie [H,0] = 10" Tavh [H,0'] Ao anmududuves 1,0  vie H' flulua/dns
81[H,07=1x10";pH=-log [H,0=-log [ x 10°]=5 (lunsa)

D [H,01=1x10";pH=-log [H,0]=-log[1 x 10 ] =9 o)
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I I J o '
u@ﬂmﬂﬁlzuaﬂﬂ’mmJuﬂimﬂumﬁmmmsazmﬂﬁl’mm pH LL%@&QﬁWHTiﬂU@ﬂﬂW

I 1 A -
anuilunsa- we lalasldan poHp  vesarsazals e MAvenANNYNTUYEY  OH

pOH = -log[OH ] Tag pH + pOH = 14
H.O* Tuafng rH OH TSRS pOH
3
110" 0 1x 0™ 14 X
ERLE 1 1% 100 13 .
n ]
1w 10° 2 1% 10" 12 g
13107 3 1% 10 11 g‘
ol
4 -0 =
1% 10 4 1310 10 2
=
1% 10° 5 1% 10° 5 E
Tx10° 6 1% 10%° B nan |
1w 107 7 1% 107 7
o
1w 107 8 1x10° g 2
-9 5 -_ﬂ
1% 10 5 13 10 & =
[
13107 10 13 10° 4 =
=
1% 10 11 1% 10° 3 =
1% 100 12 1w 10 2 /
1% 100" 13 1w 100 1
1w 10 14 1w 1" ]

d' A Y 9 J [
31]7] 4.18 @iNA pH YDIF1TAZAIYNUANNUVNUVUANAY

A Y v o A é’ =2 Y o ' Y o A

LWE]GI,Wﬂﬁ‘]/]ﬂﬁf]\i!,muEJ”IMWﬂﬂ\Wu i]ﬂhl@]‘vnﬂﬁ?ﬂﬂW pH Iﬂﬂi%g@liii‘lﬂﬁﬂ1u’lm I
o =1 v J d' [ 9 1 d' d' A [ o
umuﬂ%um&mmmm@‘lmm pH meter 11AIANUADIALATOIVDIUATOINUDIANUNITATIUINU

Y} U = 4 o [ o Y 3 3
NI08 T“D'Lﬂﬂllvlﬁﬂiﬂﬂllcb'ﬂ (NaOH) ¥iuUn 10 N3N mﬂlmﬂumiazmﬂ 74800 cm @15agaY

9 = Yy 9

Tsaeulaasonlsan laszianududun Tua/ans

[

m A Tuaued NaOH ; (Waluana Na=23,0=16,H=1)

w 10 10
n=—= = — = 0.25 mol
M NaoH 40

a150a18 74800 cm’ 3 NaOH aza18ed  0.25 mol

=}

d15a2a18 1,000cm’ 1 NaOH aza18ed 334 x 10 mol
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Y
NIIERLUU ANUTUTUUDIANTAZAY DY 3.34 x 10 Tua/ans

W1 pH YodasazaenuaNutuTUUes OH =3.34 x 10 Tua/ans

[

m pOH = -log[OH ]

=)

= -log[334 x10°] = 248
Tae pH+pOH = 14
pH = 14-2.48 = 1152

2 A a = J A [ I 1
NTITRSUU LNﬂLﬁNT‘ﬁLﬂﬂNllﬁﬂiﬂﬂulcﬁﬂ 10 g 95UM1 pH MDY 11.52 (!,‘]_]‘LlﬂN)

3 & . aa ¢
ﬂ"li"lﬂﬁ 4.3 Naﬂ'lﬁ‘I/]ﬂﬁ@Uﬂ'J'lﬂJLﬂuﬂi@ua3ﬂ'l\?‘l]@\‘]ﬁ?ﬁﬂga'lﬂ@!aﬂiﬂivlﬁ@

rHavesasazale Banaans  mpH#Ann  mpHR1E9In % Error
(3) pH meter MIMUIN
10 11.4 11.38 -0.19
20 11.6 11.68 0.68
30 11.9 11.86 -0.38
Tnunandenlaasenlya 40 12.0 11.98 -0.17
50 12.1 12.08 -0.19
60 12.2 12.16 -0.36
70 12.2 12.22 0.19
80 12.3 12.28 -0.15
90 12.3 12.33 0.26
100 12.4 12.38 -0.18
10 11.6 11.52 -0.66
20 11.8 11.83 0.21
30 12.0 12.00 0.00
Twpelansenlaa 40 12.1 12.13 0.22
50 12.2 12.22 0.19
60 12.3 12.30 0.00
70 124 12.37 -0.25
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a < 1 adg g 1
M1319N 4.3 wamimﬁaummgﬂuﬂﬁmmxmwmmiazawmaﬂimllm (919)

rHavesa1Tazale Hnwas  mpH fisaon M pH #dn % Error
(2 pH meter MIMUIN
80 12.4 12.43 0.22
Tmaeslansonlaa 90 12.5 12.48 -0.17
100 12.5 12.52 0.19
1 % Error (nAY -0.56
J150iHanINAALA

A ag 2% A @ A A o )
L‘L!E]\ﬁﬂﬂ’ﬁ?iagﬁ'lfJE]LﬁﬂI‘i/]illa@‘VN 2 %umﬂuﬂmm LN@LWM@'J‘V]'I@&"@'I?JHHT]J
?1‘/ < Y ad ' I~ [ ld? A Y I
AIdae 10 g %zmu"lmw ﬁ"ﬁaga18’0Lﬁﬂi“l/lihlﬁﬁﬂglﬂuﬂ'l\nmmulﬁﬁ]ﬂ“] i]'lﬂﬂ'li’)ﬂﬂ'lﬂ?'lulﬂuﬂiﬂ

vy Ay v o Ay YA A o A
HAZANAIY pH meter uaz‘w"lmnﬂmimmm Nﬁ‘V]]lﬂiJﬂ’ﬂiJﬂaWQLﬂﬁE]‘L!ﬂ‘L!L‘WEN 0.56%
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Y
a A o

M31ef 4.4 msnaaes dszansnmgegalumswan ldh  veuinlszah Tas hinmsnaass

A 1 Y A 1 1 1T o a %} A Y
1 3 guvad IWih fszezriavesmumwaaiiiy 3 ocm guvglivesiineuzuAY

MR 33.4°C  JunawaziunnINamInaand

RAMARDY Taad nIzUE maalnih ANHAIUMY GLTEY
) (A) (Watt) €2) °C)
12:15 W, 88.3 1.2 105.96 73.58 335
12:20 W, 89.2 1.1 98.12 81.09 34.2
12:25 W, 88.0 0.8 70.40 110.00 34.6
12:30 W, 86.7 0.7 60.69 123.86 35.7
12:35 W, 87.4 0.8 69.92 109.25 36.3
12:40 W, 87.0 0.9 78.30 96.67 36.9
12:45 W, 85.0 1.1 93.50 77.27 37.1
12:55 W, 85.8 1 85.80 85.80 37.6
13:00 . 84.3 12 101.16 70.25 37.8
13:05 . 85.7 0.7 59.99 122.43 38
13:08 . 86.8 0.6 52.08 144.67 38.4

d' 1 d' ] o (4] [ a g
MINATNAN 4.4 nuilieaegilnssinenniale lasuuazMaeondinueoniniii lag

Y] a Jd 1 S @ [ A A a o
Idwaanuuasornad a1 lradanialdes luasniiosnntFunaanududuveaaionaduna

aomad Wi na1nfe masIiihazulsiuautaaaauosraaINiinsnaasa
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M3 4.5 msnaaeslszaninmgegalumswaa lilih Tag l/Sunmaihazaie
] %’ o 1 $ [
TandonTansonlad 80 g ao1i1 74.8 L iimsnaae 3 geyaa llih Nszez inaves

UHUINAANIND 3 cm

MINaaes A Taad pazug madldih  anwdwmu qamgil

a¥aft NAava ) (A) (Watt) Q) (°C)
1 13:32 10.43 9.03 94.18 1.16 32.1
13:35 12.50 8.70 108.75 1.44 32.6

13:38 13.07 8.64 112.92 1.51 33.0

13:41 13.57 9.03 122.54 1.50 33.1

13:44 14.94 9.42 140.73 1.59 333

2 13:47 13.34 7.30 97.38 1.83 33.5
13:50 12.86 7.90 101.59 1.63 33.7

13:53 13.63 7.6 103.59 1.79 33.7

13:56 14.77 8.94 132.04 1.65 33.9

3 13:59 13.86 8.42 116.70 1.65 33.6
14:02 14.46 8.66 125.22 1.67 333

14:05 14.29 8.43 120.46 1.70 33.4

14:08 14.36 8.56 122.92 1.68 33.7

14:11 14.08 8.48 119.40 1.66 33.4
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M3 4.6 mInaaeslszaninmgegalumswaalilih Tag l/Sunmaihazaie
] % o 1 $ [
TandonTansonlad 90 g ao1i1 74.8 L iimsnaae 3 geraa llih Nszez iiaves

UHUINAANIND 3 cm

MINaaes A Taad pazug madldih  anwdwmu qamgil

a¥aft NAava ) (A) (Watt) Q) (°C)
1 12:05 10.08 10.87 109.57 0.93 325
12:06 12.14 9.27 112.54 131 32.7

12:07 13.72 9.32 127.87 1.47 32.9

12:08 15.53 10.63 165.08 1.46 33.1

2 12:24 15.14 10.16 153.82 1.49 32.0
12:25 15.09 10.07 151.96 1.50 32.5

12:26 14.63 9.84 143.96 1.49 32.7

12:27 14.29 9.41 134.47 1.52 33.2

12:28 15.02 10.3 154.71 1.46 33.4

12:29 15.22 10.23 155.70 1.49 33.7

3 12:34 14.82 9.88 146.42 1.50 33.0
12:35 14.94 9.81 146.56 1.52 333

12:36 15.00 9.8 147.00 1.53 33.6
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M 4.7 msnaasslszaninmgegalumseaaliih 19USuadihazate
] %,’ o 1 H [
TadonTansenlad 100 g aori 74.8 L iimsnaaes 3 gusaa lih fszez v

VDIUNUINAAININD 3 cm

MINaaes A Taad pazug madldih  anwdwmu qamgil

a¥aft NAava ) (A) (Watt) Q) (°C)
1 12:45 12.08 9.95 120.20 121 33.9
12:46 12.56 9.91 124.47 127 34.0

12:47 13.07 9.82 128.35 133 34.2

2 12:51 12.60 9.80 123.48 1.29 33.4
12:52 12.80 9.77 125.06 1.31 33.5

12:53 12.86 9.74 125.26 132 33.7

12:54 13.00 9.71 126.23 1.34 33.9

3 13:06 11.02 8.75 96.43 1.26 33.2
13:07 11.56 9.20 106.35 1.26 333

13:08 13.04 9.70 126.49 1.34 33.7

J0150INANINAD

{ < a A a o
VNATNN 4.5, 4.6 uaz 4.7 1WuMINATeUIIZaANTAINV0ITTUUNAAN I
4 ) 1 o 1 o o w
leTasnu deviwaornuus Isauras 105 upa fasldih 1kw  Tagld5umaes
g @ 1 g a 1 1
arsavane Iy laason laaa1any An 80 g 90 gtz 100 g Ao 74.8 ans Wu liawise
1 1 4 { y { o o w
auqusuna lihn ldnnum Teauwad 1daan 14 1esin luvaziminaassmas luih
201l AUAMNLEUAAYDIF9ATNTINMINABY Fanuuse TsausaalmainInangigaog
] 1 g}/ = o 1 1 dy 1 g’; d‘ I Y
Tusignan 1100 W, - 14.00 Wiy 3ehimsnaaesegluganarimmiumive v 1a

Uszansmnng
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i\ o Y| Qd' d'
4.4 wamsnagoy mmsi llihmugamgiinnasuy
1 s ao £ I 1 I a ¥ ¥

s T uradn 19 luanuideil Huunslsausadnwaa lanai¥ou uaz Idhdeme
O ¥y dyy 9 4 Y aa st
tesdninenihieun ldnnszuuinlslumsuanulasuanudounuaisazats sanIns ladn

9 o @ o o a Y v Yy oa

egludsginssinenmaleTasin uuazmaeensnueanainiiaie i Bnnsnnmsnuniu

o J a v a o
IFTUNTTUARIUN WU gaurgiiHanemswann1a laTasau

e
7

(=]

'C

~ Angle 14.5'

—avavazas L =
~. Hot -
S5
L
/
1 R’ > I
= <
N 25'C § \/\ ./'_'\_I
\ f Cold \ /
3._.5 ‘57 > ‘%’ 40'C E _'{x M\Thermocouple

Pump Pump

a 4 ¥ ¥
TIJVI 4.19 ulﬂ@zllﬂﬁllﬂTﬁLLaﬂ!ﬂaﬂuﬂﬂ’]uﬁ@uﬂl@ﬂu’]ﬂluig‘U‘Uﬂ’]i‘ﬂﬂﬁ'ﬂ\‘l

H 9 ~ U I a dﬂg Y o = = o 1
deuiumTaar wadwaaiula azihmsuyuiouluszuy gz ldhmsaiem
9 PR Y A ¢ o 9 = 4 ~
anudouliiiuasnie Storage tank  vnuuntiiingu lulsluse vulvudaass Taen lu
A 1 [ 1 A 1 [ o [+ %)
Storage tank vzivionowasnesgiunenewasiegly nigilnssiuenme laTasmuuazmey

a 3 v 9 A o Ty  Ayy = v Yo
i’)i’)ﬂ‘ﬁ)’t‘ﬂui’)i’)ﬂ‘iﬂﬂuiﬂ’mqw ‘Vh LW@MTHW?@HV]%@NWLLaﬂLﬂﬁfJ‘L!ﬂ’JﬂJii’JuGlﬁﬂ’Uﬁﬁﬁzaw

~ X

ad o 2 1 (% 1 4 %’ [
ouan Ins lad 1lguvgigeiu Idluasinunenewaaie 1 Idvyuideou $1anar  11.00

< { ' I o o a o & { o
U. — 14.00 Y. LWS']ZL‘]JHL'Jﬁ']‘ﬁL!WQIGD'ﬁ'] L"HﬁﬁﬁﬂWﬂQﬂWﬁWﬁﬂqxiq@] muumqnmﬁmmmmm
A d‘ 9 a 1 a = [ o a
9 10.00 . — 15.00 u. tWeaz lAgaurgi lugrwannaumlFeuiieunu  Tasfvuagungil
H A 9 S a o [ =] 1w ' ' Aan o a 4
maﬂumammﬁﬂuqﬂﬂimwaﬁm%llaimmuiwummmu Llﬁg'fﬂuﬂTﬂ']ﬂﬂﬁ]@f’)ﬁL‘Vl@iIllllL@@i

wlumnsazaredianing lad nazamsih ihluudazganar uiinraasluaei 4.8
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M 4.8 msnaaslszdninmgegalumsedaaliih 19USuadihazae

-4 1 1 1w a
Tmﬁau"lamaﬂllw 80 g TLYTHNWUDINUIND ANIND 3 cm Tﬂammuqmwgm

Fudu
QNN na Taad pszug madlvih  anwdhumu gamgil
WBudY Maaed V) (A) (Watt) Q) (°C)
45°C 14:19 11.27 8.27 93.20 136 45.0
14:21 11.32 8.34 94.41 136 452
14:23 11.39 7.95 90.55 1.43 45.9
14:25 11.42 7.81 89.19 1.46 46.5
14:27 11.40 7.85 89.49 1.45 46.7
55°C 14:36 9.45 7.29 68.89 1.30 55.3
14:39 10.25 7.67 78.62 1.34 55.9
14:42 9.84 7.32 72.03 1.34 56.5
14:45 9.70 7.16 69.45 1.35 56.8

2 < 9 ~ad 9 2 s | )
INNITINADIU %zmu"lmw qtu‘nﬂmmmumawmuﬂumqﬂﬂimm 45 °C ¥z l¥

U

L a a o o ¥ Yo o 9 )
sroznamadu 8 i lumswaamaslalasoula ld 199 Idmasludhiu 456.84 Watt agi

v [
a

A % U 1 o w <3|
SuduRgavgd 55 °C et 9 wid desmnnaualemas Iiihisoy 288.99 watt Juiludoagil

TanduningavgiiGuauluminaaiels Tasnuuda maslwihildesdoons onld

=)

] ~ { A aa 1 9 a ) '
uwmma”l%l‘ﬂﬂmmimaawqmwgu‘ﬂz;Nmmﬂﬂmaﬂumiwamﬂw”lahmu”lﬂuaﬂmw
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M3 4.9 msnaaslszaninmgegalumseaaluih 14 Pinudhazae

-4 1 1 1w a
Tmaau"lamaﬂ”lw 90 g TTYTHWNVDINUIND ANIND 3 cm Tﬂammuqmwgm

Fudu
QNN na Taad pszug madlvih  anwdhumu gamgil
WBudY Maaed V) (A) (Watt) Q) (°C)
45°C 15:20 7.79 5.25 40.90 1.48 45.4
15:21 7.65 5.27 40.32 1.45 45.6
15:22 7.69 5.24 40.30 1.47 45.8
15:23 7.83 5.62 44.00 1.39 46
15:24 7.94 543 43.11 1.46 46.1
15:25 8.09 5.55 44.90 1.46 46.2
55°C 15:33 6.72 4.95 33.26 1.36 55.0
15:34 6.8 4.96 33.73 1.37 55.2
15:35 6.87 4.97 34.14 1.38 55.5
ynmsnaaestl sxitu I8 gungiuduvesvenhludigUnia 45 cceeld

¥ 2 ~ a o 9 ¥ Yo w 9 Y
szeznamaay s i lumseaama lalasouldla 19e Idmasinihsm 253.53 Watt uazi

Fudungavgl 55 °C 14191 3 i giaaluihsw 101,14 Watt
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M3 4.10 msneassdszansnmgegalumanaa Wi Id5inadhazae

4 1 ] 1w
Tmﬁau'laﬂﬁaﬂ'l%ﬂ 100 g FLYTHNUDUWNUNEG ANINY 3 cm Iﬂﬂ‘ﬂ?‘l]ﬁli]

A 9

QUNANITUAY
QNN na Taad pszug madlvih  anwdhumu gamgil
WBudY Maaed V) (A) (Watt) Q) (°C)
45°C 15:44 7.95 4.64 36.89 1.71 45.0
15:45 7.43 4.68 34.77 1.59 45.2
15:46 7.65 4.59 35.11 1.67 453
15:47 7.21 4.62 3331 1.56 45.5
15:48 7.39 497 36.73 1.49 45.6
15:49 6.72 431 28.96 1.56 45.8
15:50 6.94 4.92 34.14 1.41 45.9
15:51 6.35 4.61 29.27 138 46.1
15:52 6.48 4.45 28.84 1.46 46.4
55°C 15:38 9.52 4.64 44.17 2.05 55.2
15:39 8.32 4.41 36.69 1.89 55.4
15:40 7.56 4.42 33.42 1.71 55.9
15:41 6.00 4.56 27.36 1.32 56.4
15:42 5.84 432 2523 1.35 56.7
15:43 5.75 4.15 23.86 139 56.9

2 < Y ~Ad 9 ¥ o | v
INNITINADIU %zmu"lmw Qmﬁﬂi\lliﬂﬁuﬂl@ﬂﬂlﬂﬁuﬂuﬂQQﬂﬂiﬂW] 45 °C ¥z )%

QU

Y a a o v ¥ Yo o 9 )
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M0 V.2 AAAVITAVDIT19

WHUNDZADN  1AUDZADN

¥olny

v

A A a
TFoOINHY riT0acA

wAnHAIE) WY A
1.007947 1 lalasau Hydrogen H 11
4.0026022 2 EIGIEY Helium He 18 1
6.9412 3 anew Lithium Li 1 2
9.0121823 4 STELIGLLY Beryllium Be 2 2
10.8117 5 Tusou Boron B 13 2
12.01078 6 mivou Carbon C 14 2
14.00672 7 TuTasiou Nitrogen N 15 2
15.99943 8 2ONTHIIU Oxygen o) 16 2
18.99840325 9 lgooiu Fluorine F 17 2
20.17976 10 floou Neon Ne 18 2
22.9897702 11 Tasiaow Sodium / Natrium Na 13
24.30506 12 HUNTLY Magnesium Mg 2 3
26.9815382 13 pzglitioy Aluminium Al 13 3
28.085534 14 FANO1U Silicon Si 14 3
30.9737612 15 oavlesa Phosphorus P 15 3
32.0655 16 MuLOU Sulfur S 16 3
35.4532 17 AAOIU Chlorine Cl 17 3
39.9481 18 915nou Argon Ar 18 3
39.09831 19 Twinaiaon Potassium / Kalium K 1 4
40.07842 20 uAAIFL Calcium Ca 2 4
44.9559108 21 AUAUIAY Scandium Sc 3 4
47.8671 22 Tnnidion Titanium Ti 4 4
50.94151 23 NUAIY Vanadium % 5 4
51.99616 24 Tasiiiey Chromium Cr 6 4
54.9380499 25 e Manganese Mn 7 4
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vimiinezaen  tavezmen  ¥e'lng %aé’anqy wieazAu  dgyanwelsig Wy
55.8452 26 mﬁﬂ Iron / Ferrum Fe 8
58.933 27 Tavead Cobalt Co 9
58.69342 28 Hnina Nickel Ni 10
63.54634 29 NOILPN Copper / Cuprum Cu 11
65.4094 30 daned Zinc Zn 12
69.7231 31 una@ey Gallium Ga 13
72.641 32 wosunily Germanium Ge 14
74.921602 33 915 Fiin Arsenic As 15
78.9634 34 Fariew Selenium Se 16
79.9041 35 Tusiiu Bromine Br 17
83.7982 36 AsUnou Krypton Kr 18
85.467832 37 PILGILY Rubidium Rb 1
87.621 38 AATULTN Strontium Sr 2
88.905852 39 dANToN Yittrium Y 3
91.22422 40 103 Tniiow Zirconium Zr 4
92.906 41 TuTedion Niobium Nb 5
95.9422 42 Tuavaniy Molybdenum Mo 6
[98] 43 Mo Technetium Te 7
101.0722 44 PRLNIEEY Ruthenium Ru 8
102.905 45 5100w Rhodium Rh 9
106.4212 46 unalaAew Palladium Pd 10
28.085532 47 N Silver / Argentum Ag 11
112.41182 48 Ul Cadmium cd 12
114.8183 49 GICISY Indium In 13
118.71072 50 ayn Tin / Stannum Sn 14
121.76012 51 naa Stibium Sb 15
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vimiinezaen  tavezmen  ¥e'lng %aé’anqy wieazAu  dgyanwelsig Wy
127.6032 52 magisew Tellurium Te 16
126.904 53 loToAu Todine I 17
131.2936 54 YU Xenon Xe 18
132.905 55 FiFe Caesium Cs 1
137.3277 56 HuToN Barium Ba 2
138.905522 57 HaUMUY Lanthanum La

140.11612 58 3o Cerium Ce

140.907652 59 3% le@Akloy  Praseodymium Pr

144.2432 60 AGEIRY Neodymium Nd

[145] 61 Tnsiiew Promethium Pm

150.3632 62 PG B Samarium Sm

151.96412 63 gl3iiey Europium Eu

157.2532 64 unlaautioy Gadolinium Gd

158925342 65 mos oy Terbium Tb

162.50012 66 A Tnsie Dysprosium Dy

164.93 67 Taalion Holmium Ho

167.25932 68 Teauiion Erbium Er

168934212 69 G Thulium Tm

173.0432 70 damoieon Ytterbium Yb

174.96712 71 Qe Lutetium Lu 3
178.492 72 el Hafnium Hf 4
180.94791 73 UNUMAN Tantalum Ta 5
183.841 74 Ny Tungsten / Wolfram w 6
186.2071 75 Sifiow Rhenium Re 7
190.2332 76 podloy Osmium Os 8
192.2173 77 GE[RE Iridium Ir 9
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vimiinezaen  tavezmen  ¥e'lng %aé’anqy wieazAu  dgyanwelsig Wy
195.0782 78 uwaniiy Platinum Pt 10
196.966 79 IGNGY Gold / Aurum Au 11
200.592 80 5om Mercury / Hydrargyrum Hg 12
204.38332 81 unaney Thallium Tl 13
207.21 82 Az Plumbum Pb 14
208.98 83 Udin Bismuth Bi 15
[210] 84 wolartion Polonium Po 16
[210] 85 HoaMNU Astatine At 17
[220] 86 150U Radon Rn 18
[223] 87 urls s e Francium Fr 1
[226] 88 151R8W Radium Ra 2
[227] 89 onNiawy Actinium Ac

231.0358821 91 Tnsunnffion  Protactinium Pa

232.038111 90 GIRELY Thorium Th

[237] 93 Luﬂmﬁau Neptunium Np

238.0289131 92 g3ty Uranium U

[243] 95 D13 1T Americium Am

[244] 94 g Iniigy Plutonium Pu

[247] 96 Qison Curium Cm

[247) 97 BREGIGIGY Berkelium Bk

[251] 98 unaos ey Californium cf

[252] 99 lovia'laution Einsteinium Es

[257) 100 wlosifion Fermium Fm

[258] 101 WUIADIY Mendelevium Md

[259] 102 Twuaey Nobelium No

[262] 103 AT UEeY Lawrencium Lr 3
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vimiinezaen  tavezmen  ¥e'lng %aé’anqy WieazAu  dganweisig Wy AW
[267] 104 $nmeivlesifey  Rutherfordium Rf 4 7
[262] 105 YN Dubnium Db 5 7
[269] 106 Fuesiney Seaborgium Sg 6 7
[269] 108 gaFow Hassium Hs 8 7
[270] 107 TG o Bohrium Bh 77
[278] 109 ludiuiGou Meitnerium Mt 9 7
[281] 110 mivadaiien  Darmstadtium Ds 10 7
[281] 111 Sudiniion Roentgenium Re 17
[285] 112 Taulesfidey  Copernicium Cn 12 7
[286] 113 UYUINIBY Ununtrium Uut 13 7
[288] 115 UEUIWUINGY  Ununpentium Uup 15 7
[289] 114 Walsnen Flerovium 3 14 7
[293] 116 Anesuaizoy Livermorium Lv 16 7
[294] 117 guaUIiNey  Ununseptium Uus 17 7
[294] 118 ngum)ﬂ!,ﬁ gy Ununoctium Uuo 18 7
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3197 .1 Properties Polypropylene (PP)

PP Properties ASTM  Unit PP
Mechanical properties

Specific Gravity D792 905
Elongation D638 % 10~20
Tensile Strength D638 psi 4,800
Flexural Strength D790 psi 5,400
Compressive Strength D695 6,000
Tensile Elastic Modulus (Young's D638 (10~5)psi 1.6
Modulus)

Flexural Modulus D790 (10~5)psi 1.7~2.5
Hardness Durometer D785 Rockwell R 80~110
Impact Strength [ZOD 73°F/23°C D256 notched ft/Ibs/in 0.5~2.2
Thermal properties

Melting Point °C(°F) 121(250)
Upper Service Temperature(20,000h) °C(°F) 104(220)
Flame Rating** ULY%4 n.r.
Thermal Conductivity Cl117 10~4 cal/sec/cm2,°C/cm 2.8
Electrical properties

Dielectric Constant D150 1kHz 2.2~2.6
Dissipation Factor D150 1kHz 0.0005~0.0018
Dielectric Strength D149 125 MILV. 475~660
Volume Resistivity D257 ohm-cm at 730F,50% RH ~ 10~17
General properties

Chemical/Solvent Resistance Excellent
Water Absorption, 24h D570 % <0.03
Refractivelndex 1.51~1.54
Arc Resistivity D495 sec 100~160
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19N 4.1 Properties Material

Material Atomic Atomic Density Melting Thermal Specific
number weight  (g/cm?) point(°C)  expansion heat

Coefficient  (cal/gr/°C)
(°C)

Titanium 22 47.9 4.51 1 668 8.4x10-6 0.124

Ti-6AI-4V - - 4.4 1 650 8.6x10-6 0.138

Iron 26 55.85 7.86 1530 12x10-6 0.11

Stainless - - 7.93 1400 17x10-6 0.12

Steel 18-6 1200

(AISI 304)

Aluminum 13 26.97 2.7 660 23x10-6 0.21

Aluminum - - 2.8 476 23x10-6 0.23

Alloy(75S- 638

T6)

Magnesium 12 24.32 1.7 650 25x%10-6 0.24

Nickel 28 58.69 8.9 1456 15x10-6 0.11

Hastelloy C - 7 8.9 1305 11.3x10-6 0.092

Copper 29 63.57 8.9 1083 17x10-6 0.092
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M5199 4.1 Properties Material (G]"E])

Material Thermal Electrical Electrical Yong's Poisson's
conductivit  resistivity conductivity modulus ratio
y (uW-cm) (%IACS) (MPa)
(cal/cm?/sec
/°Cl/em)
Titanium 0.041 55 3.1 106 000 0.34
Ti-6AI-4V 0.020 175 0.98 110 000 0.34
Iron 0.15 9.7 18 206 000 0.31
Stainless 0.039 72 2.4 200 000 0.30
Steel 18-6
(AISI 304)
Aluminum 0.49 2.7 64 69 000 0.33
Aluminum 0.29 5.8 30 71600 0.33
Alloy(75S-
T6)
Magnesium  0.38 4.3 40 44 800 0.35
Nickel 0.22 9.5 18 206 000 0.30
Hastelloy C  0.03 130 1.3 204 000 -
Copper 0.962 1.724 100 108 000 0.34
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M13197 0.1 Copper Tube: Types, Standards, Applications, Tempers, Lengths

Tube Type Color  Standard Application1 Commercially Available Length2
Code Nominal or Drawn Annealed
Standard Size
Type K Green ASTM B - Domestic water Straight lengths:
88? service and 1/4 inch to 8 20 ft. 20 ft.
distribution inch
- Fire protection 10 inch 18 ft. 18 ft.
- Solar 12 inch 12t 12ft
- Fuel/fuel oil Coils:
-HVAC 1/4 inch to 1 - 60 ft.
- Snow melting inch _ 100 ft
1 1/4inchand - 60 ft.
1 1/2 inch
2 inch - 40 ft.
- 45 ft.
Type L Blue ASTM B 88 - Domestic water Straight lengths:
service and 1/4 inch to 8 20 ft. 20 ft.
distribution inch
- Fire protection 12 inch 18 ft. 18 ft.
- Solar Coils:
- Fuel/fuel oil 1/4 inch to 1 - 60 ft.
- Natural Gas inch - 100 ft
- Liquefied 1 1/4 inch and - 60 ft.
petroleum (LP) gas 1 1/2 inch
-HVAC 2 inch - 40 ft.
- Snow melting - 45 ft.
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Tube Type Color  Standard Application1 Commercially Available Length2
Code Nominal or Drawn Annealed
Standard Size
Type M Red ASTM B 88 - Domestic water Straight lengths:
service and Y4 inch to 12 20ft.  N/A
distribution inch
- Fire protection
- Solar
- Fuel/fuel oil
-HVAC
- Snow melting
DWV Yellow ASTM B - Drain, waste, vent  Straight lengths:
306 - Solar 1 Y inch to 8 20 ft. N/A
-HVAC inch
ACR Blue ASTM B - Air conditioning - =~ Straight lengths:
280 Refrigeration 3/8 inch to 4 20 ft. 4
- Natural gas 1/8 inch
- Liquefied Coils:
petroleum (LP) gas  1/8inch 1 5/8  — 50
inch
OXY,MED, (K) ASTM B - Medical gas Straight lengths:
OXY/MED Green 819 Ya inch to 8 20 ft. N/A
OXY/ACR, (1) inch
ACRMED  Blue

" There are many other copper and copper alloy tubes and pipes available for specialized applications.

For information on these products, contact the Copper Development Association Inc.

* Individual manufacturers may have commercially available lengths in addition to those shown in this table.

* Tube made to other ASTM standards is also intended for plumbing applications, although ASTM B 88 is by

far the most widely used. ASTM Standard Classification B 698 lists six plumbing tube standards including B 88.

* Available as special order only.
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@

J a J o
uﬁﬂWﬁﬂWiﬂﬂﬁﬂUl!Nﬂl“ﬁaﬁ!lﬂ\?fﬂ‘ﬂﬂﬁl f]?li'lﬂh'ul“ﬁﬁ 850 I/hr

gl guwngil  qamigl  Quuwgil . .
v o o Y I = Qg = Qungi o
At vioih vioih vieih vioh quutigll o qautigll I oIty

nn ugree1fing i Sou i Sou Hosarhi¥ou was:um Fadou e Fandon

iu 3290
(mV) Sec.1 Sec.1 Sec.2 Sec.2 [{®)] (°C) (°C)

°C) ©0)

C) °C) ©0) C)

9:30 2.643 31.90 45.20 31.80 45.40 45.20 31.80 42.70 44.30 30.00
9:31 2.834 32.70 45.20 32.80 45.30 45.20 32.80 42.80 44.80 30.00
9:32 2.701 33.20 45.40 32.80 45.40 45.20 32.80 42.90 43.80 29.80
9:33 2.725 33.00 45.40 33.90 45.30 45.20 33.90 42.80 44.10 30.20
9:34 2.768 33.00 45.30 33.00 45.30 45.20 33.00 43.10 43.60 30.10
9:35 2.742 33.80 45.40 3430 45.40 45.40 3430 43.10 43.30 30.20
9:36 2.894 34.30 46.00 34.40 45.60 45.40 34.40 43.20 43.10 29.80
9:37 2.853 35.50 46.00 35.60 45.70 45.70 35.60 43.40 43.40 30.00
9:38 2.902 34.80 46.20 34.80 45.70 45.80 34.80 43.50 45.20 30.40
9:39 2.869 35.10 46.40 35.00 46.00 45.90 35.00 43.60 45.70 30.20
9:40 2.850 35.20 46.40 35.10 46.10 46.00 35.10 43.70 44.40 29.80
9:41 2.897 35.40 46.50 3530 46.10 46.00 3530 43.90 45.10 30.40
9:42 2.848 36.50 46.50 36.50 46.20 46.00 36.50 44.00 46.10 30.70
9:43 2971 36.60 46.50 36.60 46.30 46.10 36.60 44.10 46.60 31.00
9:44 2.980 36.80 46.70 36.70 46.40 46.20 36.70 4430 46.50 31.00
9:45 3.050 37.90 46.80 37.90 46.50 46.30 37.90 44.30 47.80 31.00
9:46 3.001 37.10 46.90 37.10 46.60 46.50 37.10 44.50 48.80 30.80
9:47 3.152 37.40 47.00 37.30 46.60 46.50 37.30 44.60 48.00 30.70
9:48 3.094 38.50 47.10 38.40 46.90 46.60 38.40 44.50 47.90 30.40
9:49 3.113 38.70 47.40 38.70 47.10 46.80 38.70 44.70 48.10 30.20
9:50 3.082 39.70 47.70 39.70 47.20 47.00 39.70 44.90 48.40 30.20
9:51 3.146 39.80 47.90 39.80 47.40 47.20 39.80 45.10 47.60 30.20
9:52 3.025 39.80 48.10 39.90 47.50 47.40 39.90 45.20 47.90 30.30
9:53 3.159 40.20 48.40 40.10 47.80 47.70 40.10 45.50 47.70 3030
9:54 3.121 40.50 48.60 40.60 48.10 47.80 40.60 46.30 46.50 30.50
9:55 3.145 40.50 48.80 40.50 48.30 48.20 40.50 46.40 46.50 30.50
9:56 3.385 40.70 49.10 40.70 48.80 48.40 40.70 46.10 48.30 30.50
9:57 3.240 41.50 49.20 41.50 48.90 48.50 41.50 45.50 48.80 30.70
9:58 3.304 41.50 49.50 41.60 49.20 48.70 41.60 45.60 48.90 30.50
9:59 3.431 40.40 49.70 40.60 49.20 48.90 40.60 45.60 49.40 30.90
10:00 3.425 41.00 49.90 41.00 49.50 49.20 41.00 45.80 50.10 30.80
10:01 3.513 41.20 50.10 41.20 49.70 49.50 41.20 46.10 49.80 30.80
10:02 3.523 42.40 50.40 42.30 50.00 49.70 42.30 46.40 50.40 30.70
10:03 3.561 41.50 50.70 41.50 50.30 49.90 41.50 46.60 50.20 30.80
10:04 3.533 41.50 50.80 41.40 50.40 50.10 41.40 46.80 50.30 30.80
10:05 3.590 41.50 51.10 41.50 50.70 50.30 41.50 47.10 49.80 30.60
10:06 3.559 41.70 51.40 41.70 50.90 50.60 41.70 47.40 49.20 30.40
10:07 3.555 41.90 51.40 41.90 50.90 50.80 41.90 47.40 50.40 31.00
10:08 3.633 42.10 51.70 42.10 51.40 51.10 42.10 48.10 51.10 31.10
10:09 3.719 43.20 52.00 43.20 51.60 51.40 43.20 48.00 51.90 31.30
10:10 3.426 43.30 52.30 43.30 52.00 51.60 43.30 48.20 52.00 31.60
10:11 3.668 42.40 52.60 42.40 52.20 51.80 42.40 48.50 51.80 31.60
10:12 3.663 42.50 52.80 42.50 52.50 52.00 42.50 48.60 53.00 32.10
10:13 3.715 42.70 52.80 42.70 52.70 52.20 42.70 48.70 53.30 32.20
10:14 3.763 42.80 53.10 42.80 52.80 52.40 42.80 49.10 52.80 32.10
10:15 3.643 42.10 53.20 42.10 52.90 52.60 42.10 49.20 49.70 31.40
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na Ha9R1ing 16 Fou 1éiv Fou LCERIIVALCAN] . faieu Funaden

16 N30
(mV) Sec.1 Sec.1 Sec.2 Sec.2 ) (°C) ()
©C) ((®)
Q) ©C) (9] ©C)

10:16 3.775 43.40 53.60 43.20 53.20 53.00 43.20 49.70 49.10 31.10
10:17 3.871 43.40 53.80 43.50 53.50 53.20 43.50 53.40 51.70 31.90
10:18 3.949 44.40 54.00 43.50 53.80 53.40 49.30 53.50 51.70 31.50
10:19 3.963 43.50 54.10 45.80 54.00 53.50 47.50 53.70 50.60 31.60
10:20 3.608 45.80 54.30 46.90 54.10 53.70 49.60 53.80 52.50 31.80
10:21 3912 46.90 54.50 47.10 54.30 53.80 49.80 54.00 52.10 32.10
10:22 3.950 47.10 54.60 49.30 54.50 54.00 48.80 54.10 52.50 32.20
10:23 3.503 49.30 54.80 47.50 54.60 54.10 47.50 54.40 49.80 31.50
10:24 3.517 47.50 54.90 49.60 54.60 54.40 49.60 54.60 49.50 31.40
10:25 3.676 49.60 55.20 49.80 54.80 54.60 49.80 54.70 51.50 31.90
10:26 3.624 49.80 55.30 48.80 55.00 54.70 48.80 54.80 52.10 32.10
10:27 4.023 48.80 55.50 48.20 55.20 54.80 48.20 55.20 53.50 32.30
10:28 4.146 48.20 55.60 49.30 55.50 54.90 49.30 55.50 53.50 31.90
10:29 4.234 49.30 55.80 49.30 55.70 55.10 49.30 55.70 50.30 31.30
10:30 4.515 49.30 56.00 49.50 56.00 55.50 49.50 56.00 50.90 31.60
10:31 4.499 49.50 56.20 46.50 56.10 55.50 49.70 56.10 50.50 31.60
10:32 4.638 49.90 56.30 45.90 56.10 55.70 48.00 56.10 51.60 31.70
10:33 4.486 49.80 56.40 49.80 56.30 55.80 49.10 56.30 52.80 32.10
10:34 4.490 49.00 56.60 49.00 56.40 55.90 49.10 55.70 53.00 32.00
10:35 4.485 49.30 56.70 49.30 56.60 56.10 47.30 55.80 53.00 32.20
10:36 4.503 49.40 57.00 49.40 56.90 56.30 49.40 55.90 51.10 31.50
10:37 4.402 49.70 57.20 49.70 57.00 56.40 48.50 56.10 52.70 31.60
10:38 4.551 49.80 57.20 49.80 57.00 56.60 49.70 56.30 51.70 31.30
10:39 4.718 49.90 57.40 49.90 57.10 56.60 48.00 56.40 53.50 31.90
10:40 4.738 49.10 57.40 49.10 57.20 56.90 49.10 56.60 56.30 32.40
10:41 4.649 47.30 57.40 47.30 56.80 56.80 47.30 56.60 54.30 32.40
10:42 4.646 49.40 57.70 49.40 57.00 56.90 49.40 57.00 53.90 31.90
10:43 4.822 48.50 58.00 48.50 57.40 57.10 48.50 57.40 55.10 31.90
10:44 4.843 49.70 58.20 49.70 57.50 57.20 49.70 57.50 55.70 32.00
10:45 4.748 48.00 58.50 48.00 57.70 57.20 48.00 57.70 55.10 32.00
10:46 4.782 49.10 58.80 49.10 58.00 57.70 49.10 58.00 52.60 31.40
10:47 4.854 48.30 59.20 48.30 58.40 58.00 48.30 58.40 55.50 31.70
10:48 4979 49.30 59.40 48.30 58.40 58.30 48.30 58.40 52.50 31.90
10:49 4.788 47.60 59.50 47.60 58.50 58.40 47.60 58.50 52.10 31.90
10:50 4917 48.80 59.60 48.80 58.60 58.70 48.80 57.00 54.30 31.80
10:51 4.943 50.50 59.60 49.00 58.80 58.80 49.00 57.40 55.90 31.90
10:52 4.745 50.30 59.70 49.10 58.90 58.80 49.10 57.50 56.00 31.80
10:53 5.002 49.10 59.80 48.30 59.00 58.90 48.30 57.70 56.30 32.10
10:54 5.029 50.20 59.80 49.50 59.20 58.90 49.50 58.00 57.20 32.20
10:55 5.001 50.30 60.00 49.80 59.50 59.10 49.80 58.40 57.00 32.10
10:56 5.086 50.20 60.10 49.80 59.50 59.30 49.80 58.40 54.90 32.00
10:57 5.040 50.00 60.20 50.00 59.70 59.40 50.00 58.50 57.10 32.10
10:58 5.100 50.10 60.30 50.10 59.90 59.50 50.10 56.60 58.00 31.90
10:59 5.117 50.40 60.40 50.40 59.90 59.60 50.40 56.70 57.30 32.10
11:00 5.138 50.60 60.40 50.60 59.80 59.70 50.60 57.20 57.90 32.40
11:01 5.129 50.80 60.80 50.80 60.00 59.80 50.80 57.40 58.00 32.10
11:02 4916 50.10 60.90 50.10 60.00 60.00 50.10 57.40 58.00 32.30
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11:03 5.026 50.50 61.10 50.20 60.20 60.20 50.20 58.10 57.50 32.00
11:04 5.260 50.50 61.40 50.50 60.30 60.30 50.50 57.50 57.70 31.90
11:05 5.277 49.40 61.40 49.50 60.30 60.20 49.50 57.50 57.00 31.90
11:06 5.261 50.40 61.40 50.40 60.20 60.20 50.40 57.80 57.20 32.30
11:07 5.231 50.20 61.70 50.20 60.30 60.20 50.20 57.90 58.40 32.10
11:08 5.288 50.20 61.80 50.10 60.50 60.80 50.10 61.80 57.90 32.40
11:09 5.241 50.50 62.10 51.00 60.50 60.80 51.00 62.10 59.00 32.40
11:10 5.248 50.30 62.30 50.90 60.60 60.50 50.90 62.30 58.60 32.40
11:11 5.296 49.10 62.50 50.90 60.80 61.10 50.90 62.60 58.90 32.40
11:12 5.257 50.20 62.80 50.60 60.90 61.30 50.60 62.80 58.80 31.80
11:13 5.091 50.30 62.90 50.40 61.00 61.20 50.40 62.90 59.20 32.50
11:14 5.253 50.20 63.40 50.40 61.00 61.20 50.40 63.40 59.70 31.90
11:15 5.422 50.60 63.60 50.40 61.40 61.50 50.40 63.70 60.50 32.30
11:16 5.465 50.40 63.80 50.40 61.70 61.90 50.40 63.80 60.10 32.20
11:17 5.461 50.50 64.10 50.50 61.70 61.80 50.50 64.10 59.20 32.30
11:18 5.387 50.60 64.30 50.60 62.00 62.00 50.60 64.30 59.50 32.10
11:19 5.463 50.80 64.30 50.80 62.20 62.20 50.80 64.30 58.80 32.10
11:20 5416 51.10 64.60 51.10 62.40 62.50 51.10 64.60 59.30 32.30
11:21 5.520 51.20 64.70 51.20 62.50 62.80 51.20 64.70 59.30 32.30
11:22 5519 50.40 64.90 50.40 62.70 63.00 50.40 64.90 59.40 32.40
11:23 5.459 50.60 65.10 50.60 62.80 63.20 50.60 65.10 60.60 32.60
11:24 5.529 50.70 65.10 50.60 62.90 63.40 50.60 65.10 60.80 32.70
11:25 5.521 50.80 65.30 50.70 63.20 63.40 50.70 65.30 61.70 32.60
11:26 5.290 51.90 65.40 51.90 63.30 64.20 51.90 65.40 60.80 32.40
11:27 5.609 49.90 65.60 49.90 63.50 64.20 49.90 65.60 61.10 32.00
11:28 5.157 50.00 65.70 50.00 63.00 63.80 50.00 65.80 60.30 32.40
11:29 5.067 50.50 65.70 50.10 62.80 63.80 50.10 65.70 59.90 32.10
11:30 5315 50.30 65.80 50.30 62.70 64.00 50.30 65.80 59.80 31.90
11:31 5.647 49.10 65.80 50.20 62.80 63.80 50.20 65.80 60.60 32.30
11:32 5.685 50.20 65.90 50.30 62.50 63.70 50.30 65.90 60.30 32.30
11:33 5.594 50.30 66.00 50.20 62.30 63.60 50.20 66.00 61.20 32.40
11:34 5.639 50.20 66.00 49.00 62.40 63.50 49.00 66.00 62.00 32.80
11:35 5.758 50.60 66.10 50.60 62.60 63.60 50.60 65.90 62.00 32.90
11:36 5.617 50.50 66.10 50.50 62.50 63.60 50.50 66.00 61.50 32.90
11:37 5.732 50.30 66.30 50.20 62.50 63.70 50.20 66.00 61.10 32.90
11:38 5.664 50.90 66.40 50.90 62.40 64.00 50.90 66.20 60.60 32.50
11:39 5.667 50.90 66.60 50.80 62.40 63.90 50.80 66.10 60.80 32.80
11:40 5.645 50.50 66.70 50.50 62.60 63.50 50.50 65.10 61.90 32.80
11:41 5.790 50.30 66.80 50.30 62.70 64.20 50.30 66.80 60.70 32.80
11:42 5.794 50.20 66.90 50.10 62.90 64.50 50.10 66.90 60.40 32.80
11:43 5.767 49.80 67.00 49.80 62.90 64.50 49.80 67.00 60.30 32.60
11:44 5.747 49.80 66.90 49.80 63.00 64.70 49.80 66.90 62.10 32.90
11:45 5.702 49.70 66.80 49.70 62.90 64.60 49.70 64.70 63.40 33.10
11:46 5.621 49.80 66.90 49.80 63.00 64.90 49.80 64.90 64.10 33.00
11:47 5.773 49.70 66.70 49.70 62.90 64.30 49.70 64.50 62.10 33.00
11:48 5.726 49.80 66.80 49.90 63.10 63.90 49.90 63.90 62.50 33.20
11:49 5.788 50.00 67.00 50.10 63.00 64.30 50.10 64.60 62.80 33.10
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11:50 5.999 50.20 67.10 50.20 63.20 64.40 50.20 67.10 64.00 33.20
11:51 6.030 50.50 67.20 50.50 63.50 64.70 50.50 67.30 59.80 32.80
11:52 6.042 50.80 67.20 50.80 63.60 64.80 50.80 67.20 57.20 32.90
11:53 6.008 51.20 67.30 51.10 64.00 65.00 51.10 67.30 59.20 32.60
11:54 5.993 51.40 67.10 51.40 63.80 64.90 51.40 67.10 60.10 32.40
11:55 6.088 51.40 66.90 51.40 63.70 64.90 51.40 66.90 59.10 32.40
11:56 6.058 51.70 66.90 51.70 63.80 64.80 51.70 61.80 60.10 32.90
11:57 6.097 50.20 66.70 50.20 63.80 64.80 50.20 62.30 60.90 32.90
11:58 6.190 50.50 66.60 50.50 64.00 64.70 50.50 62.40 60.30 32.90
11:59 6.262 50.80 66.70 50.80 64.00 64.70 50.80 62.60 60.60 32.40
12:00 6.164 51.10 66.70 51.10 64.10 64.70 51.10 62.60 61.20 32.90
12:01 6.187 49.70 66.70 49.70 64.30 64.90 49.70 62.70 61.50 32.80
12:02 6.093 49.90 66.80 49.80 64.50 64.90 49.80 62.90 62.10 32.70
12:03 6.117 49.70 66.70 49.70 64.50 64.90 49.70 62.80 61.20 33.10
12:04 6.159 49.90 67.50 49.90 64.40 65.20 49.90 63.10 61.20 32.90
12:05 6.188 50.20 66.90 50.10 64.70 65.10 50.10 63.20 62.40 32.90
12:06 6.137 50.20 67.10 50.20 64.90 65.20 50.20 63.30 62.90 32.60
12:07 6.169 49.90 67.10 49.90 65.30 65.40 49.90 63.40 62.30 33.10
12:08 6.226 50.10 67.00 50.10 65.00 65.50 50.10 64.30 62.60 33.50
12:09 6.145 50.20 66.90 50.20 64.70 65.50 50.20 64.10 58.80 33.20
12:10 6.141 49.90 66.90 49.90 64.80 65.60 49.90 64.00 55.20 33.10
12:11 6.158 50.00 66.70 50.00 64.50 65.30 50.00 63.90 54.00 33.10
12:12 6.176 50.10 66.60 50.10 64.30 65.80 50.10 64.50 56.60 32.80
12:13 6.260 50.30 66.30 50.30 63.40 65.50 50.30 65.50 56.20 32.50
12:14 6.293 50.20 66.20 50.20 63.80 65.00 50.20 63.60 58.10 32.40
12:15 6.235 50.50 65.70 50.30 62.90 64.40 50.30 63.50 59.40 33.20
12:16 6.259 50.30 65.80 50.20 63.40 64.00 50.20 62.60 59.70 32.70
12:17 6.206 49.10 65.90 49.00 63.30 63.80 49.00 62.20 60.00 32.60
12:18 6.221 50.20 66.10 50.20 64.00 63.80 50.20 61.70 62.10 33.10
12:19 6.189 50.30 66.40 50.30 64.60 64.20 50.30 61.50 62.80 33.30
12:20 6.094 50.20 66.70 50.20 65.40 64.60 50.20 61.80 63.70 33.40
12:21 6.193 49.10 66.70 49.00 65.70 65.10 49.00 62.10 62.90 33.60
12:22 6.232 49.90 67.10 49.90 66.20 65.60 49.90 62.60 61.80 33.50
12:23 6.271 49.90 67.10 50.00 66.40 65.90 50.00 63.10 59.80 33.40
12:24 6.311 49.90 67.50 50.10 66.70 66.30 50.10 63.40 62.20 33.40
12:25 6.258 49.80 67.60 50.30 66.70 66.50 50.30 63.70 62.60 33.60
12:26 6.301 49.70 67.80 50.20 67.00 66.70 50.20 64.00 58.30 33.70
12:27 6.298 49.40 68.30 50.30 67.30 67.00 50.30 64.10 55.50 32.90
12:28 6.285 49.50 68.30 50.50 67.40 67.20 50.50 64.30 53.80 32.90
12:29 6.274 49.80 68.30 50.00 67.40 67.20 50.00 64.50 54.40 33.30
12:30 6.261 49.70 68.10 49.70 67.30 67.30 49.70 64.40 58.30 33.30
12:31 6.266 49.50 68.10 49.50 67.40 67.20 49.50 65.00 59.60 33.40
12:32 6.206 49.40 68.00 49.40 67.20 67.10 49.40 64.90 60.30 33.00
12:33 6.200 49.30 67.80 49.20 67.40 67.10 49.20 65.10 62.30 33.70
12:34 6.279 49.10 67.80 49.10 67.20 67.00 49.10 65.20 62.30 33.50
12:35 6.428 49.20 68.00 49.10 67.20 67.00 49.10 65.50 61.50 33.10
12:36 6.413 49.40 68.00 49.40 67.00 66.90 49.40 65.40 60.80 33.20
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12:37 6.354 49.60 68.10 49.60 67.00 66.90 49.60 68.10 61.50 33.50
12:38 6.486 50.10 68.00 50.10 66.90 66.90 50.10 68.20 63.00 33.90
12:39 6311 50.80 68.10 50.90 67.10 67.00 50.90 68.30 62.50 34.00
12:40 6.222 51.70 68.20 51.70 67.20 67.10 51.70 68.30 63.40 33.90
12:41 6.353 49.90 68.30 49.90 67.40 67.20 49.90 68.40 60.00 33.20
12:42 6.463 50.10 68.30 50.00 67.30 67.20 50.00 68.70 57.80 33.40
12:43 6.501 50.10 68.40 50.10 67.30 67.20 50.10 68.30 55.80 33.40
12:44 6.410 50.40 68.70 50.30 67.20 67.50 50.30 68.50 57.40 33.00
12:45 6.321 49.10 68.30 49.10 67.20 67.40 49.10 68.60 59.10 33.20
12:46 6.344 49.10 68.50 49.10 67.20 67.20 49.10 68.70 60.30 33.10
12:47 6.367 49.40 68.60 49.40 67.10 67.20 49.40 68.90 61.20 33.40
12:48 6.299 49.60 68.70 49.60 67.30 67.50 49.60 69.10 62.20 33.20
12:49 6.249 50.20 68.90 50.10 67.30 67.40 50.10 69.10 61.80 33.20
12:50 6.457 50.00 69.10 50.00 67.40 67.10 50.00 69.30 62.60 33.60
12:51 6.538 50.20 69.30 50.10 67.50 67.40 50.10 69.70 62.10 33.20
12:52 6.458 50.30 69.70 50.30 68.00 67.50 50.30 70.00 63.10 33.00
12:53 6.410 49.10 70.00 49.10 68.20 67.90 49.10 70.10 64.40 33.40
12:54 6.478 49.10 70.10 49.10 68.40 68.20 49.10 70.40 65.10 33.60
12:55 6.541 49.60 70.40 49.60 68.90 68.70 49.60 70.40 64.90 33.60
12:56 6.548 50.10 70.40 50.10 69.40 68.90 50.10 70.60 65.20 34.00
12:57 6.533 50.40 70.60 50.30 69.80 69.20 50.30 70.80 65.10 33.80
12:58 6.518 49.90 70.80 50.10 70.20 69.50 50.10 71.10 65.10 33.90
12:59 6.439 49.90 71.10 50.30 70.30 69.80 50.30 71.10 63.80 33.70
13:00 6.431 49.80 71.10 49.60 70.40 70.00 49.60 71.90 64.00 33.40
13:01 6.194 49.70 71.30 50.10 70.50 70.00 50.10 71.70 64.40 33.30
13:02 6.345 49.40 71.50 50.00 70.50 70.20 50.00 71.80 65.40 33.20
13:03 6.381 49.50 71.60 50.10 70.40 70.30 50.10 71.90 64.00 33.10
13:04 6.352 49.80 71.70 50.30 70.60 70.30 50.30 71.80 63.60 33.40
13:05 6.401 49.70 71.60 49.60 70.70 70.30 49.60 71.70 63.10 34.10
13:06 6.507 50.10 71.80 50.10 70.90 70.50 50.10 71.40 60.30 33.60
13:07 6.521 50.00 71.90 50.00 70.80 70.70 50.00 71.30 64.00 33.40
13:08 6.598 50.10 71.70 50.10 70.70 70.50 50.10 71.20 63.10 33.60
13:09 6.598 50.30 71.80 50.30 70.70 70.70 50.30 71.10 64.10 33.50
13:10 6.593 49.60 71.90 49.60 70.80 70.60 49.60 71.10 62.50 33.90
13:11 6.594 50.10 71.80 50.10 70.30 70.80 50.10 71.90 61.60 33.30
13:12 6.608 51.20 71.70 51.20 70.00 66.00 51.20 71.70 61.70 33.20
13:13 6.598 50.90 71.40 50.90 69.20 70.40 50.90 71.80 61.30 33.20
13:14 6.843 50.50 71.30 50.50 69.10 70.10 50.50 71.90 62.10 33.20
13:15 6.782 50.20 71.20 50.20 68.70 69.80 50.20 71.80 62.40 33.20
13:16 6.649 49.90 71.20 49.90 68.60 69.70 49.90 71.20 60.10 33.60
13:17 6.668 49.70 71.20 49.70 68.60 69.50 49.70 71.20 57.00 33.40
13:18 6.811 49.60 71.20 49.60 68.70 69.20 49.60 71.20 55.70 33.60
13:19 6.643 49.40 71.30 49.40 68.70 69.10 49.40 71.30 54.20 33.10
13:20 6.139 49.20 71.20 49.20 68.40 69.00 49.20 71.20 52.70 32.60
13:21 6.262 49.20 71.00 49.20 68.50 68.90 49.20 71.00 52.60 32.80
13:22 6.627 49.90 70.90 49.40 68.50 69.00 49.40 71.20 57.10 33.10
13:23 6.843 49.90 70.60 49.80 68.50 68.90 49.80 71.00 60.10 33.50
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13:24 6.590 49.80 70.40 50.50 68.60 68.80 50.50 70.00 62.00 33.60
13:25 6.598 49.70 70.30 50.90 68.60 68.70 50.90 69.80 61.80 33.60
13:26 6.603 49.40 70.00 49.60 68.60 68.80 49.60 69.80 63.00 33.70
13:27 6.323 49.50 70.00 50.10 68.50 68.70 50.10 69.90 63.50 33.70
13:28 6.370 49.80 69.80 50.00 68.50 68.60 50.00 69.90 62.80 33.30
13:29 6.551 49.70 69.80 50.10 68.40 68.50 50.10 68.80 62.80 33.70
13:30 6.492 50.30 69.90 50.30 68.60 68.60 50.30 68.70 63.80 33.80
13:31 6.525 49.60 69.90 49.60 68.60 68.50 49.60 68.60 65.10 33.70
13:32 6.475 50.10 70.10 50.10 68.60 68.60 50.10 68.50 64.80 33.60
13:33 6.484 49.60 70.10 49.60 68.60 68.60 49.60 68.60 63.50 33.70
13:34 6.456 50.10 70.20 50.10 68.30 68.70 50.10 68.50 58.30 33.40
13:35 6.339 50.00 70.20 50.00 68.20 68.70 50.00 67.90 56.60 33.40
13:36 6.462 50.10 70.00 50.10 68.20 68.60 50.10 67.80 58.00 33.70
13:37 6.356 50.30 69.80 50.30 68.10 68.60 50.30 68.00 57.40 33.40
13:38 6.366 49.60 69.60 49.60 68.00 68.40 49.60 67.90 56.00 33.20
13:39 6.557 50.10 69.50 50.10 67.80 68.30 50.10 68.00 57.00 32.80
13:40 6.449 49.60 69.40 49.60 67.60 68.10 49.60 67.90 59.20 33.00
13:41 6.513 50.10 69.00 50.10 67.20 67.80 50.10 68.60 59.50 33.50
13:42 6.554 50.00 68.60 50.00 66.90 65.20 50.00 69.70 61.10 33.20
13:43 6.470 50.10 68.00 50.10 66.30 67.40 50.10 69.10 62.30 33.60
13:44 6.570 50.30 68.00 50.30 65.80 66.80 50.30 68.40 61.90 33.30
13:45 6.565 49.60 67.80 49.60 65.50 66.40 49.60 67.90 61.60 33.30
13:46 6.536 50.10 67.80 50.10 65.20 66.10 50.10 67.90 60.90 33.20
13:47 6.559 50.00 67.90 50.00 65.10 66.00 50.00 67.20 60.80 33.20
13:48 6.515 50.10 68.10 50.10 65.40 65.70 50.10 67.40 61.90 33.60
13:49 6.341 50.30 68.10 50.30 65.50 65.70 50.30 66.90 60.90 34.00
13:50 6.331 50.10 68.40 50.10 65.70 65.60 50.10 64.80 62.40 33.90
13:51 6.373 50.00 68.70 50.00 66.10 66.00 50.00 64.50 62.80 33.90
13:52 6.416 49.90 69.00 50.10 66.50 66.60 50.10 64.30 61.00 33.30
13:53 6.290 49.90 69.20 50.30 66.90 66.90 50.30 64.10 60.10 33.90
13:54 6.371 49.80 69.10 51.90 66.90 67.10 51.90 64.30 56.50 33.90
13:55 6.286 49.70 69.10 51.60 66.90 67.40 51.60 64.90 55.00 33.80
13:56 6.370 49.40 69.20 51.20 67.50 67.60 51.20 65.30 57.30 33.70
13:57 6.253 49.50 69.20 50.80 67.70 67.70 50.80 65.30 59.20 33.20
13:58 6.291 49.80 69.10 50.30 67.60 67.80 50.30 65.60 61.40 33.40
13:59 6.231 49.70 68.90 50.00 67.60 67.80 50.00 66.00 60.40 33.60
14:00 6.115 49.60 68.90 49.60 67.50 67.80 49.60 66.10 60.90 33.70
14:01 6.207 49.40 68.90 49.40 67.40 67.90 49.40 66.40 60.80 33.90
14:02 6.203 49.00 69.00 49.00 67.00 64.60 49.00 64.60 61.90 33.90
14:03 6.198 50.30 69.00 50.30 67.50 68.10 50.30 68.10 62.80 33.80
14:04 6.379 50.10 69.10 50.10 67.20 67.50 50.10 67.50 63.10 33.80
14:05 6.434 50.00 69.10 50.00 67.10 67.70 50.00 67.70 63.80 34.20
14:06 6.156 50.10 69.00 50.10 66.60 67.50 50.10 67.50 62.90 34.50
14:07 6.223 49.90 69.10 50.30 66.40 67.50 50.30 64.60 62.80 34.50
14:08 6.177 49.90 69.20 50.10 66.40 67.00 50.10 63.70 62.00 34.30
14:09 6.227 49.80 69.40 50.30 66.60 66.90 50.30 63.40 62.00 34.40
14:10 6.365 49.70 69.40 50.10 66.80 67.00 50.10 63.20 61.80 34.30
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16 N30
(mV) Sec.1 Sec.1 Sec.2 Sec.2 ) (°C) ()
©C) ((®)
Q) ©C) (9] ©C)

14:11 6.336 49.40 69.50 50.00 66.90 67.20 50.00 68.10 62.80 34.10
14:12 6.410 49.50 69.70 50.10 67.20 67.40 50.10 68.10 62.40 33.70
14:13 6.460 49.80 69.60 50.30 67.10 67.40 50.30 68.10 62.40 33.80
14:14 6.097 49.70 69.60 50.10 67.40 67.50 50.10 68.00 62.30 33.90
14:15 6.246 50.30 69.70 50.30 67.60 67.70 50.30 68.00 61.70 33.70
14:16 6.210 50.00 69.70 50.00 67.60 67.90 50.00 67.90 60.00 33.60
14:17 5.983 49.60 69.80 49.60 67.80 68.00 49.60 67.80 60.90 33.60
14:18 6.020 49.40 69.80 49.40 67.70 68.10 49.40 65.30 61.40 33.60
14:19 5.898 49.00 69.70 49.00 67.80 68.10 49.00 65.40 61.10 34.10
14:20 5.865 50.30 69.70 50.30 67.80 68.10 50.30 66.70 62.60 33.70
14:21 5.898 50.10 69.70 50.10 67.70 68.10 50.10 66.60 63.20 33.90
14:22 6.017 49.90 69.50 50.00 67.70 68.00 50.00 66.60 62.40 34.40
14:23 6.087 49.90 69.50 50.10 67.60 68.00 50.10 66.30 60.30 33.80
14:24 6.163 49.80 69.50 50.30 67.60 67.90 50.30 65.90 58.90 33.70
14:25 6.141 49.70 69.40 50.10 67.60 67.80 50.10 65.80 60.60 33.70
14:26 6.067 49.40 69.20 50.00 67.40 67.70 50.00 66.10 60.10 33.60
14:27 5.745 49.50 69.20 50.10 67.40 67.70 50.10 66.40 61.00 33.40
14:28 5.725 49.80 69.20 50.30 67.10 67.70 50.30 66.60 60.20 33.90
14:29 5.838 49.70 69.10 50.30 67.10 67.60 50.30 67.10 60.10 33.70
14:30 5.816 50.00 69.10 50.00 67.00 66.70 50.00 67.50 60.40 33.80
14:31 5.871 49.60 68.90 49.60 66.40 67.80 49.60 67.40 60.80 33.70
14:32 5.749 49.40 68.70 49.40 66.20 67.80 49.40 67.70 60.90 33.60
14:33 5.600 49.00 68.60 49.00 66.00 67.10 49.00 67.40 60.50 33.70
14:34 5.827 50.30 68.50 50.30 65.90 66.70 50.30 66.90 60.00 33.60
14:35 5.827 50.10 68.40 50.10 65.50 66.60 50.10 66.60 56.40 33.60
14:36 5.789 50.30 68.40 50.30 65.30 66.60 50.30 66.40 58.10 33.70
14:37 5.757 49.90 68.40 50.00 65.40 66.30 50.00 65.90 59.10 33.70
14:38 5.809 49.90 68.30 49.60 65.60 65.90 49.60 65.00 59.50 33.80
14:39 5.652 49.80 68.40 49.40 65.80 65.80 49.40 64.40 59.60 34.20
14:40 5.777 49.70 68.40 49.00 66.00 66.00 49.00 68.30 59.50 33.80
14:41 5.726 49.40 68.30 50.30 66.10 66.30 50.30 68.30 59.10 33.40
14:42 5.672 49.50 68.30 50.50 66.40 66.30 50.50 68.30 58.80 33.60
14:43 5.624 49.80 68.30 50.00 66.60 66.50 50.00 68.30 58.80 33.70
14:44 5.603 49.70 68.30 49.50 66.70 66.70 49.50 68.20 59.70 33.40
14:45 5.541 49.20 68.30 49.20 66.90 66.70 49.20 68.00 60.90 33.70
14:46 5.510 49.00 68.20 49.00 66.90 66.70 49.00 68.10 60.90 33.90
14:47 5.557 49.00 68.00 49.00 66.80 66.90 49.00 68.00 60.00 33.70
14:48 5.492 50.30 68.10 50.30 66.90 66.80 50.30 68.00 60.10 33.60
14:49 5476 50.50 68.00 50.50 66.90 66.80 50.50 68.10 60.10 33.90
14:50 5.409 50.00 68.00 50.00 66.90 66.90 50.00 68.00 61.20 33.70
14:51 5.455 49.50 68.10 49.50 66.80 66.80 49.50 67.80 60.30 33.50
14:52 5.480 49.20 68.00 49.20 66.70 66.70 49.20 67.80 59.50 33.40
14:53 5414 49.00 67.80 49.00 66.40 66.70 49.00 67.80 59.20 33.40
14:54 5.430 50.90 67.80 50.90 66.40 66.60 50.90 68.00 59.60 33.80
14:55 5419 49.90 67.80 49.00 66.40 66.60 49.00 68.00 58.20 33.60
14:56 5.339 49.90 67.60 50.30 66.10 66.40 50.30 68.10 58.80 33.40
14:57 5.392 49.80 67.50 50.50 66.00 66.30 50.50 68.00 59.30 33.70
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©C) ((®)

Q) ©C) (9] ©C)

14:58 5.334 49.70 67.50 50.00 66.00 66.30 50.00 65.50 59.90 34.20
14:59 5.360 49.40 67.50 49.50 66.10 66.30 49.50 66.00 58.20 34.00
15:00 5.253 49.50 67.50 49.20 66.10 66.30 49.20 66.00 59.10 33.90
15:01 5.256 49.80 67.40 49.00 65.90 66.20 49.00 66.60 57.70 33.90
15:02 5.300 49.70 67.30 50.30 65.90 66.40 50.30 66.70 57.20 33.70
15:03 5.260 50.10 67.20 50.10 65.70 66.20 50.10 66.70 57.70 33.90
15:04 5.206 50.00 67.20 50.00 65.40 66.20 50.00 67.20 57.50 33.70
15:05 5.258 50.10 67.00 50.10 65.20 65.70 50.10 67.00 58.20 33.70
15:06 5.220 50.30 66.90 50.30 65.10 65.60 50.30 66.60 58.80 33.70
15:07 5.136 50.30 67.00 50.30 65.10 65.50 50.30 66.20 58.90 33.70
15:08 5.138 50.00 67.10 50.00 64.90 65.40 50.00 66.00 58.20 33.50
15:09 5.144 49.60 67.10 49.60 64.90 65.30 49.60 66.00 57.90 33.60
15:10 5.127 49.90 67.20 50.10 64.90 65.20 50.10 65.90 58.30 33.70
15:11 5.193 49.90 67.10 49.50 64.70 65.50 49.50 65.10 58.40 33.70
15:12 5.191 49.80 67.20 49.20 65.20 65.10 49.20 64.60 58.40 34.10
15:13 5.134 49.70 67.40 50.30 65.30 65.20 50.30 64.00 58.40 33.70
15:14 5.162 49.40 67.40 50.10 65.50 65.30 50.10 63.80 58.80 34.10
15:15 5.088 49.50 67.40 50.00 65.40 65.50 50.00 63.50 57.40 33.40
15:16 5.032 49.80 67.40 50.10 65.50 65.50 50.10 63.50 57.90 33.60
15:17 5.106 49.70 67.40 50.30 65.70 65.60 50.30 63.50 57.50 33.40
15:18 5.093 50.30 67.30 50.30 65.60 65.70 50.30 63.50 57.80 33.60
15:19 5.062 50.00 67.10 50.00 65.50 65.70 50.00 64.00 57.40 33.70
15:20 4.951 49.60 67.10 49.60 65.60 65.70 49.60 64.30 57.10 33.40
15:21 5.029 50.30 66.90 50.30 65.50 65.60 50.30 64.20 57.00 33.40
15:22 4.891 50.30 66.70 50.30 65.40 65.60 50.30 64.30 56.60 33.70
15:23 4.742 50.10 66.70 50.10 65.40 65.60 50.10 64.30 57.00 33.80
15:24 4.842 50.00 66.40 50.00 65.30 65.40 50.00 64.40 55.10 33.60
15:25 4.800 50.10 66.40 50.10 65.20 65.40 50.10 64.40 55.20 33.60
15:26 4.778 50.30 66.30 50.30 65.10 65.20 50.30 64.40 55.00 33.40
15:27 4.856 50.30 66.10 50.30 64.90 65.10 50.30 64.40 54.80 33.70
15:28 4.895 49.90 65.90 50.00 64.70 64.90 50.00 64.40 54.50 33.50
15:29 4.879 49.90 65.80 49.60 64.60 64.80 49.60 64.60 55.40 33.70
15:30 4.924 49.80 65.60 50.50 64.50 64.60 50.50 64.50 55.80 33.90
15:31 4.064 49.70 65.50 50.30 64.20 64.40 50.30 64.40 56.00 33.70
15:32 4.064 49.40 65.30 50.00 64.00 64.30 50.00 64.50 55.50 33.70
15:33 4.017 49.50 65.10 50.10 63.80 64.10 50.10 64.40 55.60 33.50
15:34 3.942 49.80 64.80 50.30 63.70 63.90 50.30 64.50 55.70 33.40
15:35 3.879 49.70 64.60 50.30 63.40 63.70 50.30 64.40 55.90 33.70
15:36 3.761 50.00 64.20 50.10 63.20 63.40 50.10 64.30 54.70 33.60
15:37 3.767 50.30 64.10 50.60 63.10 63.20 50.60 64.70 55.20 33.20
15:38 3.822 50.30 63.80 50.40 62.80 63.00 50.40 66.40 55.10 33.60
15:39 3.855 50.00 63.50 51.20 62.50 62.90 51.20 67.50 54.90 33.20
15:40 3.879 50.10 63.40 50.90 62.30 62.70 50.90 65.40 54.30 33.20
15:41 3.790 50.30 63.30 50.30 62.00 62.40 50.30 64.90 54.40 33.40
15:42 3.575 50.30 63.40 50.10 61.90 62.30 50.10 64.70 54.80 33.60
15:43 3.588 50.00 63.50 50.80 62.00 62.20 50.80 63.50 54.10 33.40
15:44 3.599 50.10 63.50 50.20 62.00 62.10 50.20 63.40 54.20 33.20
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18 n3zan
(mV) Sec.1 Sec.1 Sec.2 Sec.2 [{®)] (°C) (°C)

(°C) (\(®)

°C) °C) ©0) °C)

15:45 3.620 48.50 63.70 50.90 62.30 62.00 50.90 63.70 54.40 33.50
15:46 3587 49.90 63.70 50.60 62.30 62.40 50.60 63.40 54.60 3330
15:47 3.644 49.90 63.70 49.10 62.60 62.10 49.10 62.40 53.70 33.40
15:48 3.637 49.80 63.70 50.60 62.60 62.30 50.60 62.10 54.30 33.60
15:49 3.520 49.70 63.70 50.00 62.60 62.40 50.00 61.80 53.80 33.20
15:50 3.461 49.40 63.50 50.40 62.80 62.40 50.40 61.70 53.30 33.40
15:51 3.506 49.50 63.40 52.70 62.90 62.40 52.70 61.70 52.90 33.40
15:52 3.432 49.80 63.30 51.00 62.80 62.40 51.00 61.50 51.80 33.20
15:53 3.496 49.70 63.20 52.50 62.70 62.40 52.50 61.80 52.50 33.20
15:54 3.537 50.30 63.10 52.00 62.70 62.40 52.00 62.00 53.20 33.10
15:55 3.498 50.00 62.90 51.50 62.60 62.30 51.50 61.90 53.90 33.10
15:56 3.467 49.60 62.80 51.10 62.50 62.20 51.10 61.80 53.80 33.50
15:57 3.375 50.50 62.60 50.90 62.40 62.10 50.90 61.80 53.80 33.70
15:58 3.303 50.30 62.40 50.50 62.30 62.10 50.50 61.80 53.90 33.50
15:59 3.243 50.10 62.40 50.20 62.10 61.90 50.20 61.80 53.80 33.60
16:00 3.243 50.30 62.10 49.90 61.90 61.80 49.90 61.80 53.20 33.60
AunaY 5.275 49.589 64.046 49.689 62.532 62.681 49.723 62.469 57.513 32.838
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Hydrogen Gas Production Energized by Solar Energy
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Abstract

Presently, increasingly tough pollutions coupled with fast-depleting natural resources have caused
a stimulation of interest in finding alternative energy for serving the rapidly increasing demand. Mismatch
between demand and supply of energy, fluctuating fuel prices and associated pollution problems become

more difficult for resolving. For sustainable research and development, these reasons have pushed the
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countries towards searching for the alternative energy sources with particular emphasis on those
renewable in nature equipped with environmental friendly systems. Future projections indicate that the
only feasible option is the production of alternative fuels derived from non-petroleum sources. Hydrogen is
one of the best renewable energy. Pure hydrogen is clean energy and has high heating value. It can be
utilized via combustion process or fuel cell. This paper presents an experimental investigation on the
influences of operating parameters on the performance of an electrolysis hydrogen production system
energized by solar energy. The study is conducted on a 1OO-m2 PV-cell field for a 5-cell electrolysis
reactor. The stainless steel was used as the electrodes of this prototype reactor. The experimental results
show that using Sodium Hydroxide (NaOH) solution as electrolyze outperforms the others used in this
study and it is available in the market with low cost. The results also demonstrate that the solution
concentration of 17% is the best for this reactor. The optimum gap between the electrodes of each cell is
10 ecm. The maximum electrical power of 1.7 kW was obtained for this proposed system.

Keywords: Hydrogen production, Solar energy, Electrolysis.
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