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ABSTRACT

This thesis is an experimental investigation on the performance of a photovoltaic/thermal
(PV/T) hybrid solar collector, with an actual size used in standard system. Experiment revealed that
the key performance variable of the PV/T is the temperature. This variable inversely is influence the
efficiency of solar photovoltaic. The thesis aims at the study on the performance of PV/T with and
without water heating system, which was constructed in the same unit of the solar PV panels. The
important constraint that is the hot water produced from the proposed system can be used as a useful
output.

The system used in this study was comprised of 105 amorphous silicon solar photovoltaic
modules (total effective arca of 105 m’) equipped with built-in solar water heating system. This
system was located at a latitude of 14°2° N and longitude of 100°43” E, respectively. All of the
collectors had a single glass cover and were tilted at 14° and facing due south. The test was conducted
during the period of 09.00-17.00 hours along with ISO 9459-2 testing standard.

The experimental results revealed that the reduction of temperature, can improve the system
efficiency, compared to the system without water cooling. Furthermore, the hot water from this
cooling process can be used for other purpose. Therefore, the efficiency of the proposed system was
also higher than the conventional solar photovoltaic system with the average values of 1.785 % and
1.618 %, respectively. It was concluded that the efficiency could be improved by means of cell
temperature reduction. The appropriate water flow rate for the proposed system was 0.236 kg/s. The

obtained maximum power and hot water temperature were 1.2 kW and 64 °C, respectively.

Keywords: solar cell, solar water heating system, photovoltaic thermal collector
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2.4 M3uN5IaVa3TAQA1 (Blackbody Radiation)

A 1 = o 1o A A a o Y o I 9 9 a
lﬂ@ﬂa’l?ﬂQﬂmaﬂngﬂ15!&W§Qﬁm@ﬂﬂ3§]§qmjvtﬂlla3 fl]’llﬂufllg@'E]\Tﬁﬂelﬂllu:]ﬂ'}]'lilﬂﬂ

[ o ! [ o 3 A a X @ o A
Yoingaineu Jagauiludimeduanin Fellgudnyuzail
S v 1
2.4.1 Faganiuszgasednsznunanua 13 lulimsazdeoundu TaelildmilaluiG o

Q

A

VOIANUIIAAULAZNAN

[ o lwdllS) 1w A

2.42 Tagavzuiad ldnnniingaue nawtiafigurgil taznueIAAUREINY

Q a a

Y v
o 1 % v

Y v A 1R v oA A o . .
2.43 Jaganzurisdoon lag luyunuiians unedagauilu diffuse emitter

Q

] v
v A AAA

o o 157 o .
TagTngandun1sursIa uaza1gasaananga (Perfect emitter and absorber)

wn 1 [

[ o X & =1 (= Aa a [ A o
aqdaga JutlunaspiulumsnSeumeuguauiamsuns e aHI93 99199 YaziInga
I Aa a =R . 1o . 1 o A o
dumlugauad uanidulddnlunsunsidluiomaassgadia lndifssnunga annanms
J a 4 A 1 Vo oA <] ds! (Y Aaa = Y
mames T lauiindweiagna1a91 59@NoenvIngan  IuegnugurglnI 1azFaenndod
o U 1% o 4 1 o o ¥ . 1 @
numsldesesnueainga iioaninmsilaeseanvesingaitiuily Diffuse A1V I, VOI3IT
! I A v o Aa I = —d 1 1 1
noenvngiluddsziviane iusaldduang lugeansae a1 Gy = Ea, A, T) azaglIam
Ty A [ o A a 1 1o ® &KX 1. a ] 3’; =\ Y
MsurSITvesiagaunaielugenas TaeludiisdenAivessesnalsivazimsaziton

A A Y A
viseganau laauisela

J
2.5 NMINIT8VDIUINANA (Planck distribution Law)
T A 9 [ o 3’; S o A A
MITUNIITANNIDUVDIINYATUUY ﬂ‘ymzmnﬂaauuﬂammmmt’n’mau (Spectral
. . . A [l % < A 1 dy = 9 o A A £
distribution) NUUHUDULFALIY Plank Wuausnnyail G]Nﬂ’)quﬂJllﬂl@ﬁiﬂﬁﬂﬂ?'liJﬂTJﬂauiﬂuu

Y I [ dal
aoailuaai

2hc?
A°[exp(hc, /AKT) 1]

L, (A.T)= 2.1

Tagf h o AIAINAINAVY Planck = 6.6256 x 10°* 3a-311%

k o AIAINAINAYDL Boltzmann = 1.3805 x 10 JaA003f AN
A < 8 1T Aa =
C,  A®ANUGIvoE lUgaINIA = 2.998 x 10° WATABIUIN
1 Aa o o [ o v a
T Ao AQUUNTUYIAVDIITARMIMIIBAE BIA1IAAIY

35



4 o o . . [ gl/ .. !
Lﬁ@ﬂﬂ?ﬂ]ﬂi}ﬂ1Lﬂu Diffuse emitter ANUU spectral emissive power agiugﬂ

Cl
A°[exp(C,/AT)—1]

Ea,b(l’T) :ﬁlz,b(/LT) = (2.2)

C,=27hc? =3.7413x10° W um*/m?
C, = (hc, /k) =1.4388x10*  umK

2.6 ngn15&awuﬁmmﬁw (Wien’s Displacement Law)
' o o = T A 9 P~ P~ A & A |15
WUIIANYANNZUMITUNIITANUTOUNGIFA (Exmax) NANUINAU Amax TIUVUBYNL

Aa a A @ o Y 1w J Y
gangil Tagmsanlisudenaums (2.2) hivuny A sagyhldminugudee 1

£ U

C,=2897.8 umK

Tauii C,=2897.8 umK (2.3)

~ J N . Y A A

INANMT (2.3) (389021 Wien® s Displacement Law laaidutlsefuaainisiasuuilas
A T A v 9 ~ A ) 1% a o
Taggantimsunssdanumdougegananuennaulszum 0.5 lulaswas dmiuaieerniad

I 1 A ] Y o v o A a 1 a A
Wusreiineunnla dmsuiagdin 1000 osrnaaiu msilaeseongagamai 2.9 luTaswas
v A A 1 < 4 a A 3 4 A g‘u 1o A
VuFsdnlasgoonuIvzNouRHLAITIAUN 0N ATIMUTUAINEIAAUIZBITUAIMTUHT ST

~ @ ' Y a 49! g’/ o o A <3
ﬂqqq@ﬂuﬂigﬂ\?fniﬂaf]ﬂ@f]ﬂq@1/]']ﬂlﬂ@mu%QﬂjﬁlﬂﬂﬁinﬂN@Qqu

10
priy . - ke visiblg spectra fegion
§ 5 NI b T = 2898 um K
~ 10’ N o X— max H
P / \( Seler|radiption
NN, / N
\g 10° /q pIo K ,’fh\:\
= / / zlm KN \\
= 111 THTI A
~ X =
S / RN
s T TS
% 10° {J —L - ‘
; 10" / 5 / AT ‘Q\
% 10" l 1’} // \x\\\\ N
5 - , jf [l 0 K/ » - ‘\\
% 107 I I f / 100 ; NN
a 0 ! ’I Fl / 50 K /] EDn
I ’
0.1 0.2 0406 1 2 4 6 10 20 40 60 100

Wavelength, A (/Jm)

(2 v

5171 2.17 MidseenveIingmNAaueUNile (Spectral blackbody emissive power) [23]

36



2.7 nguemarhy Tuanunu (Stefan — Boltzmann Law)

Taen15UNY Plank distribution Law A1 total emissive power "UEN’SJG]QGh =)

E, = Jm G dx
° 8 [exp(c%.r)—l}

(2.4)

fulsvostSwusnlasuan MU AT

E =T j;—O%lT)S [exp(c%.r)—l}d(/ﬁ) 2.5)

N o J 4 <
TasnimssnusHasnsazily
4
E,=oTl (2.6)
A = d%' (Y] 1 A g
TagNA1UD4 Stefan — Boltzmann HYU0NUA1 C, ag C, Uauu

o =5.670x10"° %2K4

dmSuiage anudnvesmaurssdn 1dnn

E
I, =—=> (2.7)
7T
dU (Y] LY °
2.8 Wan¥umsunsiavesinga (Blackbody Radiation functions)
fanilnaulalaeseanlumsidesisdvosingdaisnnuenaau A =009 lag
Flulafduveanisdeannanua A = 094 A = o Faamnsad lugraauevesnanla o

=3 1 . . dy k) a LY = o
1380731 Band emission ﬂ‘%mmum‘lﬂmﬂummmuu FIMnua lag

37



A A
. [[Endi | E,.d2
(024) = powo - GT4
[ E.d2

R A

(AT) {exp(CZ ﬂ)—l}

—f(MT) (2.9)

L;’ 9J 1 1 T A 1 d’
UBNINHO1 1FHIANANTINVDINSUNSITTEHINTDIANNINAY ALLRg A2 1a g

Y Y d‘
"lmﬁvuﬂmummﬂ

Z A
|Edi-[E,dA
0 0

N =
(h=%) oT?

F

(hAp) — F

(0-4) — F(ow) (2.9)

dyo.; 1 1 @ o 9 @ =< 3 3
L!ﬁ$u@ﬂﬂ”lﬂuﬂﬂﬁTlllﬂiﬂWTﬂﬁJﬂ@ﬂ@@ﬂﬂ]@ﬂ?@]ﬂﬂflm%uﬂu vz udse Togiunn

q

v
%

o T W ' I ) '
TasmsdanaensaIu Evy/oT? iWuilensuve AT iy

E
G : (2.10)

oT* o (/ITS)[exp(C%T)—l}

] Y
11999193101 6, C1 ez Cz Jamadaniaiuii Taseglugid AT 1a 9

&' T Ao v
2.9 WHHIUMSUNIIAANINIOU

' ) o ¥ v Y ~ a
ﬂ1iﬂ1flmﬂ’ﬂlli’€]u1@]EJﬂTi'LHL!ﬁ%ﬂﬁW1ﬂ'ﬂiJ‘i’E)uGl’E]\‘1ﬂTiGl1’i3Jﬂ1ilﬂﬁﬂu!lﬂaﬂ’qmﬂgh

=S 9 1 v

9
' 1o 9 1o & o @ [
GluTJ'I\‘]qilTJ"U’E']\1ﬁ']iI,LG]GI,Hﬂ']iI,I,Ni\‘]ﬁ'ﬂ’J'liJi’f]uuuuliJ%Hﬂu@a]}@\‘]BWﬁﬂﬁﬁWiﬁluﬂWi!LNi\?% NI1ILHIN

20

¥
o a v oAaA

= [ d‘ Y T A 9 U [ é
PRI Wﬁ\NTL!“I/IU],ﬂ1Jﬂ1ilLWi\?ﬁﬂﬂ?ﬂiﬂugﬂﬁﬂﬂﬂﬂqﬂiﬂﬂﬂﬂi} FIIAYNOBUAUUNUAIQUYI)

Qaq

f=g)]

38



Yy A

1 J o L4 1o a < £ 2 A a
qaﬂmg{uﬂmmﬁuy‘imﬁmﬁmmﬁ?{mm%’ﬂu IﬂEJ‘Wi]'liiﬂ'l"l]@ﬂll"]]\ﬁfuﬁﬁﬂﬁﬂﬁu% UNQV T,

Q

v
2 £ A

x ' ad 3 d 4
@Tﬁqaﬂmqmwgummﬂé’@u TsurIﬂﬂi@ﬁﬂﬂl@ﬂllﬂ]ﬂlﬂuq@umﬂﬂ'lﬁ Lﬁmmﬂmammwuummm
' 9
uendnmiidunadey TasgyanmeaauiuielulimsaiemanudouTagnsiaznism
1 1 2 ¥ < (J A Y 1 o A Y o < @ dy
UANUNUDILUIUUIS LY U I uaﬂu‘quﬂi]zgmgﬁu@aﬂumu’maam@um Iﬂﬂﬂ'ﬁtﬂu@nu
4 9 o o g < S 0
ﬁ]%LﬂEJ'JGUfNﬂ‘Uﬂ'lﬁaﬂaﬂ‘llfNWiNQTUﬂTfJGluVILﬂ‘U]l'ﬁﬂFJGII’E'N!L‘U\iLLaZLﬂuwaiﬂﬂﬁiﬂﬂl@\‘]ﬂ"ﬁﬁﬂﬂ@ﬂ
= 9 Aa = v o a ¥ o A R T A 2 9
VBDINTTHUNIIAAIUIDUINNND Gluﬂlﬂ!%mﬂ')ﬂuW'Jul!ﬂﬂ35‘UW3@@NﬂﬂﬂWﬁl!Wﬁ\‘]ﬁ%Tﬂﬁﬂlﬂﬂa@N
9 Y o 1 9 Aa T A &I a dgl’ a <
01T, > T, Lla'Jf]ﬁﬁ'lfnﬁf]'l‘EJL“I/Iﬂ'J'liJﬁfJuﬁ:“Vl‘ﬁTﬂfJﬂ'lﬁlLNiﬂﬁ q, 3NV INNUANILASNURNIISIIN

MWNITN T, 1 T,,,

L 1 1 1 R
107° 10(F =2 1AW W2 1 10 10° 10°

A (um)

3 o 1o N ] < 9 4 a @
5171 2.18 anlnasumsunssdaauuimian Wil iiiesnngurgiivesing [23]

U

] o A A ] < Y A a [
mﬂﬂﬁ‘iilﬂTi!,!,WNﬁﬂaul,l,llmaﬂVlV\IV\hLummﬂqmmemm’mq

MIunTIaaNuion 0.1<1<100 lulnaswas
MIUATIFVDININAE 0.1<1<03 lulaswas
st lugafineudiuld 04<1<07 lulaswas
MSUNSITVDITIT X Rays A=10" luTaswas

39



MTUASTITUDITITLUNULN 2=107 Tulaswas

c
4 _L
ANVIINAY v 2.11)
Tag A =aueInau
3 A A
¢ =anusrlumsimdeoun
v = MIUHSIFU09A1901Nag

] Y
AT C voIgYIMe C, = 2.998x10° IATADIUIN HiIBV0IANNEIIAAULY Tagina

Aululasmas (um) &9 1 lulaswas = 10° was

w a d
2.10 Saaa9o1nng

'
= ]

[ A [ < 9, a I3 [ ~ 9 Aaan @
wawmﬂauumwaﬂ”lwm “l/]LLNiﬂﬂﬂ’NﬂW]G]ﬂlﬂuwaﬁxﬂu“I/]]lﬂiﬂﬂﬂgﬂiﬂ1ﬂﬁlmﬂﬁ]

d’o v d' =)

A =R aan (A I A A a =
wmﬂ%uﬂmﬂgﬂiﬂmmﬂm%ﬁ@ ﬂ@ﬂ?ﬁi’]ﬂﬁ?ﬂuﬂ]ﬁ]\il‘laiﬂﬁmulﬂualﬁﬂll Tﬂﬂu’gaﬂjeﬂuatﬂaﬂﬁ

L : = o L.
Tugdeniianiosnuiaveslalasou Fawradiuiinie 1l Aeuranndeugllhilundsau

@ dy a 49! A A a 9 a [ =\ U
wasnutznavungluaiioiagntigurgiivaisdiy esrnaiulagnainuaziinisaiom

{ a a a J 1 a
‘Jﬂﬁ‘]JiL’)mW’J"UENﬂ’NE]WW]EJ LASHNDDNINWNIDINIA

Corona T=~10K
P=verylow = T

/- Chromospheres T = 5000 K. + \

/ Reversing layer N

.;‘.‘_ Photosphere (upper
T _ layer of the

convective Zone,

=== 40% of mass
1524 of volume

; 90% of energy
: :-‘_ == _g_am?mﬁd_ source of most
T 023R -

' solar radiation)
\ ‘.__.»-4'

.
Y

‘\\I\‘H—(}.'.-'R T=~8-40 % 10° K
. p :loskg:_.- m

31f 2.19 Tas9e319U999290 1908 [23]

40



=1 9 a 4 Y 1Y ~ [
517 2.18 uaaalaseadauednlenaglszuia Sssaz 90 voanasunlasesen

U

a J a

~ A IR A a A A v A a  Jd
1NANDINATIZINANUAUNANVDIAIIBINAIDINUT Y 0.23 R (110 R ADTANUDIAI901NAY)
X %’ v ?,' [y zgzl.l a J A 4
gz ihhmindszana fevaz 40 vouhminniuaveIne1NAG TAeN1TENIINYARGUINAI
V03290108 1S 0.7 R PUNNNIZAAA UV 130,000 DIAUATY HAZANUUUIUY
= A a [ 1 14 A a [ 1 dy A A = 1 9
FI9aAAUNAD 70 1 1aNTNADYNIANLAT TAsNUTNUAING1IN FuNzimsoiemauioy
=} =y g}/ 1 = 1 a Y .
TAgNITWIAZIZITENVTNUAILA 0.7 R D9 1 R NUTNUVDINITNIAINTOU (Convection Zone)
FagUMNIZanaude 5,800 DIAUAAIL HAZLANHL LY
1 H a 4
2.10.1 MAINLAIDINAE
a o { a [N~
Tanlaassounisornad lasnielaasveslansoualsernad luilulrsnawy
[ g’/ 1 1 a IR A ] 1 % d‘ =S d'
AN UTTETH19TzHI1Tan uazadeenadialian luminunnailag Taslinulasuulag
9 = 1 A 1 a 22 S 6
5239 30882 1.7 BITLOLHIUNDTLHIN AN LAZAIDINATUUITTAIU TN 8 x 10° 1UAT
1 Y v A A oA 49' = 1 A A 1 v R A T v
MANUATNSITOINATNANNTENUNUNTIMUIeMTIoUTToNIA Tan Nnateanud e liminu
U A a o A 1 9 v A a o = ] A 1
AAINUEIDINAY (Solar Constant) ABDAIANVTVYBISITDINAE IANTLELHIURAYTZHIN1an
@ a SR A v d
AUAINATFINATZUA 1,367 INAADAITIUNAT
~ v A a S A
2.10.2 M35ulslasuue s T NAINANATENUM LU TENA
1Y d’ [ a P A
gungran 2 Usens ondsnuuaIoiagnannIznuMieusseInIalan
. .. o 1 A A =~ o aA ' a J
(Extraterrestrial Radiation) 1A1 1A Aonisnlasunasmsianlaniassesninonaieeiiag
~ 1 1 o A ¢ A = [
tazmslasunlasvesszezriesyrinalannualee1nag Wisdanmsasuumlasueanasny
~ ' A da 1 9 9 "y » =
NlaniassainalraeNaguaItesu1n (Heeni1 s08as + 1.5) advunisiasuuilasves
1 1 @ a o’gl.; =< J ~ ~ o ) @ A oA
J2ezi NIz Tannuaenagiu Jutludunaimeanizinlinainuasenagnannsgny
A = 1 d' d' = v 1A a o’d’ 1 A
witoussermaTaniini luneh Tasmanldeunasweulsmusimdenadnogmilousserns
1 1 ~ Y o 4 1 [ a S
vrogluye Sooaz 3 Tasvgauisn@ounNudunussznINNaIuIdI0INAgNANNTZND

] v
= =1

Ay 1 A v o v A =) ' A a J o
VUNUAMHIHIgHM LU ToMIF lan Gon M AAUN N V03U 1azMAINLEIINAY AIANNT

G, =G, =1+ 0.33003(@) (2.12)
356

41



1420

14040

AN )
AN

Extraterrestrial Radiation, W/m'’

1340 L

1320 \\z’
1304 - S
= = = [—] = =] = = =] = [—) = =
L] L= = i i = g - = = L'} =
- - — 4 =y ~y ~i ~ Lo

Day number
AN S AR AT

Y [ a oA [
ﬁ'ﬂﬁ 2.20 ‘waNmum’ammﬁ@nﬂiz‘wuwwumwmmimum L’I’iﬁ'ﬁ]ﬂﬁﬁﬂ?ﬂ'lﬁiﬁﬂiu')uﬁ%i”]

Y

AaoaANdl [23]

2.10.3 Uszanvesseanad lanuazulraeine

1 "

Tagasa

[

2.10.3.1 594A59 (Beam or Direction) A9 AI1TIdNTI11910A1901NAY

a o a v { & a [ ] o a J
ANAIUUNITULLE ﬁﬂﬁmmuuauﬁnamﬁdnaﬂﬂ VIﬁVI'NGU’E]\ﬁQ%GI'iQf]giuuu?ﬁnlﬁﬂ’fﬂﬂﬁEI

= 9

2.10.3.2 $98N32910 (Diffuse Radiation) A0 A15IA01MA8 lud1uNgnaziou

£

P
A a

NVITHINAVOI TanuazInga1ee Nog I uUTNUMUANYDILAINOUANNTENUNUAITULA
o a 4 - Y 9
§9anIz18UNNNNNANANIVBM BN

2.10.3.3 §9@39U (Total or Global Radiation) A9 AIHADINNITTINYOITITAT

]
= a

v A 1 Ada o I dy = Y o = )
UAZINANITELRINANNTIENUNITULEAN 111ﬂmmmsuumyﬂuwumﬂauuimsamzﬂszﬂ@uma

£
[ % 1A

$9Tasantoath SednszarenntoaflinaziAalan Sensad@301a13191 Total Radiation
) [ Ada o I é’ o A = Y 9 (=W Aa
dwsunsanAITunaudunusu S9aTmEunATInsInautesdh ludaruninialan
=S v A ddﬁll . .
Liﬂﬂiﬂﬁi’nﬂuﬂimu’n Global Radiation
Y
2.10.3.4 YT (Zenith Angle, §,) AD YUTLHINUUINININAVIEUIVTEA

uazumﬁmmmqmﬁ@g

42



2.10.3.5 1280107 (Air Mass, M) A0V NUTAAIUVDIANMUNUIUITTEAA

4

N3IFAN AOINIUABANUHUIVBIVTTIINA 1OANDINATOGNAHLNATIRTHL UBNUITEINIA

=~

1 - [+] U %’ = 1 1
fnualiulraeimaminu o SSuNUIMze SUUFUFUAITLHIN 0 D61 D9 7 DIF AIWTD

q

o ¢

mﬁwmammﬁ”lﬁ'mﬂmmﬁmwuﬁ
m=seco, (2.13)

< Y1 A o 3 A a Jd 1 A A
NTUNIT (2.13) %zmu"1mmimuumzLamamqammegmuaﬁwz (02 =0 949¢1)
9 T @ A A A [ A A a o
ﬁ]%ulﬂilﬁa@”lﬂ"lﬁMTﬂ‘U 1 UAaZINDNYUD ((92 =60 B4A1) WIADINIAILININUY 2 NTUNAINDINANEY
9
aglndvouilmseyudiis (6,) Amgenii 70 eemn dauldsvesialaniveziinasouraeiniea

v
Tﬂﬁllli]ﬁ’ﬂ1ﬂ1ﬁﬁ1m1iﬂ’ﬂ1]1ﬂﬂ1ﬂ

m=[1229+ (614sina,)? % ~614sinc, (2.14)

A 1

4 gl.: ¥ 1Y o a 4 {
130 o, UUND YUTTHINNUTUNVUUITMAIDINAY LAz AUNITN (2.13) oz (2.14)

a

9
o

9 1 { o { Y 1 { [
ldmawiaomeanszaurmeia 1u o, + 6, =90 83N NIANABINITHIAINIADINANTEAUF

4
[ o

1 a A A [ a a [ 9
ANszautimea (h) Alawas ¥ielanudu (P ) 1adins yiaomaaiuisam leanauns

m=m {L} (2.15)
°11013.25 '
W30 m=my[1-0.1h] (2.16)

Tagh M, AowIaIMANMIUIANNANNT (2.15) 13D (2.16)

2.10.4 NAgIee

1 v

a . I A% o ' a 9
FIAFIee (Solar Time) L‘]JlmaWﬂﬂluaﬂﬂumlmuwmmmmmuumm%ﬁ

U

A

ee

~ a A 1 ~ a JY Y a A o VAo
AUNGIFIY (Solar Noon) ﬂ@h%ﬂﬂﬁWﬂN@Wﬂmnmﬁummmaumm@mmuwmm@uu

AUNANAG302A1INIANIATIUNRDIDU (Standard Time) 1H1DIW19IN

43



H Y 1

2.10.4.1 1N IAEY YOI ILNUINABINITNIIATGT 02U FIUANANNY
Y 9 a A ~Aq Yo y A A Jq Y A a
ﬂmaummmﬂumiﬂfmmmnmmmgmwmau ﬂﬁﬂ@1ﬂ@ﬂi%!3@1ﬂi$h1m 4 UINAD 1 adIA
nalaeuly

[ 1 g)} = = 1 A a 4

2.10.4.2 m5mﬂumwmuﬂumgumaﬂaﬂuu HIISUHNANDLIATNAINDINAY
9 9 a A ) " Ao =2~ v ' dy Y . .
Glﬂll!ﬁumE]3!ﬂﬂuﬂlﬂﬂﬂnlﬂuﬁﬂﬁﬂlﬂﬂcﬁﬂﬂﬂ']ﬁﬂ’)ﬂllﬂ’)fiuﬁflﬂ’ﬂ']ﬂﬁiJﬂTi!’Jtﬂ (Equation of Time)

v o 1 a
ANUFTUNUTISUINNIAGITYS Lm8L’Jmmmgmmmmmqﬁmﬂ
Solar Time = Standard Time +4(L; —L.,)+E (2.17)

4 A g aa Aq Y ° ' y A A oy aa

V13 |_S ADLTUIUDIIAYU ﬂslclfslumimuamW1ﬂ1nmmm§1ummﬂu Llocal AT UL TIAIUUD
o T Ay A A ~ Y ~
ﬁ1llﬂuﬁﬂ@]@§lﬂ15ﬁ’ll'§ﬁ’]q58$ uag Eaadunistian (um) ﬁ’liJ’lf!’ﬂW’lhlﬂfl]'lﬂﬁﬂJﬂ'liﬂ (2.18)
o o A "o B A A g Yo o ' a @
AINIUATOINVIEY "= UHUNDUN 2 ‘1/]’NGU'J'13J’E’]L‘]JH (+) Glf’liamiuﬂﬁmmﬂlm%ﬂjaﬂmauﬁﬂ

Y o o 1 ~ <
uag (-) ﬂlclfﬁ'lwiﬁJﬂ'lﬁﬁ'lﬂT‘U@Q“]fﬂTﬁﬂﬂg'Ju@ﬂﬂ

E =229.2(0.000075+ 00.001868cos B —0.032077sin B

. (2.18)
—0.014615co0s 2B —0.04089sin 2B)

A 360
B=(n-1)| — 2.19
1D (n )(365j (2.19)

waz n fs n awunvest) (1< n<360)

20
T f"‘\‘
% 10 \
5]
HEE = \
S o A I\ /
‘\ y

.g ] \ \\-...-f/
E /
g -15 \"--"'/

-0

0 60 W0 120 1E0 18D 21D 24D ZTD 30D 330 360

Day number

3N 2.21 awmsnan E Tumisewni 23]

44



2.10.5 NANINVDITIANT
[} [} J a 1 H [ Y]
ANUANNUTNIUITNAUATZHINTZINUMIRY YR TanAna lagnuFIansa
A ° 1 a < A = [ a 9 1 [ -dy
130 MunisuesaNoindileounuszuiy aunsaosuela lagldyuaieg dsil

2.10.5.1 azAya (Latitude, ¢ ) A0 YuNogUIUNIINMHUiI0 HioogN1anald

u

A

J o a o 13 < § o a
vouduguogas odaluneimuilodmualdiauduvan nazifluawiiotaluneiald
azAYANAIDYTZHIN -90 DA D4 90 BIFN

Y
2.10.5.2 YU (Slope, ) AOYUITEUINNUAIVOITLNVTVHAINUIUITZAY
UADGTZNI 0 099N DI180 DA
J A = ¥ o 1 a ¢
2.10.5.3 ¥N%¥2 103 (Hour Angle, ® ) A9 YU 1FunudInL1v09019011108
Aa A 9y A o A o A g 1 ' A A
nnwesReuiesdn lineez Jueen wionaz Juan Inntluauluranaineuiisivegioy
<3| o A a a0 ' &£
paziluInvauneauegse: Taslian 15 841 ADNIITI 11
a @ [ o a 4
2.10.5.4 YIAAAUTFY (Declination Angle, ) fiD YNILHINUUIGWMAIDINAY
A A a @ 4 o Y I A o a A P ] kS
Wemegsoznuszinuguigas mvualdianuuindiedalinenamile nazlianiluanuu
d’ [ a Y a & = d' [y 1 =
wodalumenald yuaadwdu Tauddeuliyniusening -23.45 09 03 23.45 09 @115

o Y
aunalaan

(284+n)
365

o = 23.45sin| 360 (2.20)

v

a a 7 1 4
2.10.5.5 J1BAAYAANBINAY (Solar Altitude Angle, @7, ) 1D YUTLHINHUITI

[

[ o a a =y A, )
AULUIDULIAINDINAY HUBDAAYARNDINAY ﬁl')ﬁ'lﬂlﬂ”]ﬁ'liJ'l‘iﬂﬂ1u'JmVl@9]Ii]'lﬂa3Jﬂ'li

q

Sin o, =C0S ¢ COS S COS w+SiNPsind (2.21)

¥
A A Y

2.10.5.6 YNOTFYTNUAU (Surface Azimuth Angle, ¥ ) ADYUUTIUIZHINNATA
v A [y} 9 [ & a1 1 1 =< s 3 J
AUNANTIMIHURINVD IS UL FI9z N0 TUBI -180 9971 DY 180 Ir TasliA Tl ugud
4 ] a a3 4 Y] a 9 3 4 % a [
dioyiu ldmanald duuanderwu lnmeanaaz uan uazitluaudiowu lneanaaz uoon
a a 4 H [ ]
2.10.5.7 YUDLHYTAINDINAY (Solar Azimuth Angle, 7, ) ﬁaynﬁ@giw’nq

A a J a A 2 { o o a
IZUHIUUUIAIVDIAND TN Y Llﬂ$5$u1ﬂﬂlﬂﬂlﬂﬂilﬂﬂuﬁlﬂﬂﬂu Iﬂﬁlﬁﬂ'lﬁuﬂslﬁ’ﬁﬂﬂ'lﬂﬂWQﬂﬁslﬁl

45



A a 7 ) A g3 @ @ A g
VDITTUIVUUIAIA01NE  n1aazTuantaniluuin uazialUneazuseniauiuay
= B~ /A A 9 a a =W ] =
nagdauTlugueniala yuosFysa1901MaaNA 1uEIe - 180 0371 DI 180 0371 T8z e 1N1ID

' ldnnauns 2.22)

_cososinw
Cos

sin y,

(2.22)

{ 1 o a 4
2.10.5.8 YUANNTZND (Incidence Angle ,0) Ao YUNTTUINUUIWAID1NAY

4 a o g’./ 4 a %% v J J 4 o
uuﬁumﬂuummmﬂmmﬁum ANUAUNUTISHINYNANNIENY uazguﬁmmmmmmm

Tannaums 2.23)

cos @ =sindsingcos  —sin [ cosgsin Fcosy
+C0S J COS ¢ COS 3 COS @+ COS O SiN ¢Sin 3OS ¥ COS w (2.23)
+c0ososin gsinysin g

¥

S A A S A
NTANUIIV (S =0 0IA) YUANNTENY AD YNUTUS
C0S &, =C0S ¢ COS & COS w+SiN Psind (2.24)
dwsuium fuuasivumh limamileludn Tanmile aums (2.23) angihilu

cos @ = cos(¢ — ) cos o cosw+sin(g— F)sino (2.25)

4
Aa o [} 9

AsaliuAIutasiumi ldmamile ludn Tan1day 14

cos @ = cos(—f) coso cosw+sin(¢+ F)sind (2.26)

Y
a o

1 { A o { a J
WUAITULAS Lazyua19 NNeITo 9T INT 0y uE2 T19a1901908aN (Sunset Hour Angle, @, )
dl 1 o
e 6,1nu 90 84

cosm, =—tangtano (2.27)

46



Lm%’ﬁnﬂiiﬁfi1ﬂ'ﬂllEJ'I’JH'IU‘UEN’SJuhl@S])ﬁ]'IﬂE‘TlJﬂ'Ii

2
N = gcos '(—tangtan o) (2.28)
. 8 9 w112
Day length { winter _}LMITMMMW
summer —>* 1§ 15 14 13 12

winter —3 4:00 5:00 6:00
Summer —»

Sunset hour [

20 /ﬁ\
N

\ \

: \
ER / \.\ Example
E / \ Latitude 50" .
= Jlr \ Declination 21'
-0 \ Sumset 7:50 PM  (summer)
/ \ 4:10 PM  (winter)
20 .j}f \“ Day length ]:'E; :i E::::::r';r;
J FM A MJ J A 5 O N O \
] 10 0 30 40 \ill
I-I-J-l-ll-llilililJ.lL..I.‘,LI..LlJ..I._III-lllilllli||III.Jl i tl A i i
Latitude

! 9 o [ a 7
gﬂﬁ 2.22 TuTunsua s UHIAMNENIUIUVOIIU LASIAINTZINATAN [23]

v A a oA
2.10.6 ixi’fffﬂ‘ﬂ@]ﬂﬁ@]ﬂﬂi%ﬂﬂiuuu’)i1ﬂlﬂﬁﬁ]ﬂiifﬂfﬂﬁ

{ g’; [ a S
Ananlagiuszainsommssdernagnannsznu lunuisumieussenme

4

Tannanudusiug

360n

G, =G, |1+ 0.033003(—) cosé, (2.29)
365

z

47



4 1 { a J v o W { 4
ilo G, AeAnaiiudseniiag uaz n Ao Judwud n vesi Wounuaums (2.29) 1 ld

G, =G, {1+ 0.033cos (%H (cosgcosocosw+singsingd)  (2.30)

Y H
v @ I3

AU g1usanzimsedannszny WU NI UM uTIeNIA 2 Ui lag

ax v gl.z 1 a rr’dg@l = a J
Tae s MsmIUsHusaums (2.30) SNLNANDINAYVUDIANDINAYAN

| 24x3600G,
T

1+0.033cos 360a x| COS ¢ COS O COS ), s
365 180

H, sin¢sin5} (2.31)

d’ A =Y v A a o [ A [
o H, Ao USuwmisderiadseiulunuisiu milousse1na (;aAen15191uaAs)
=3 1 d' a o v J A @ a 4
G,, Mo AMAINLAIDINAG (1,367 IAAADAITINNAT) LA @, AD YNFI Tueae01AAdAn (095)
Y
mldnnaums (2.26)
% 1 v A daj =) 1 v A g
2.10.7 9A9AIUTIAATIVUNUDEANDTIFUUN I
~ I (= i’ dy = R oA
517 2.23 Wumsuaaannnsz NS ITATIUUNUT I HagNBITSTa s

A dal = ) A j’ A Y [ o d
NANNTENUNUBDIINDIITATI NANNTENUVUUNUI IV Rb maaﬂm m“lmmmmﬁuwu‘ﬁ

G, G,,cos0 cosd

= = (2.32)
G, G,cos6, cosd,

R, =

H 9/ F ]
Tag G,, nag G, Ao 98A33 NNIgnUNWDLI agius e uaay Wedn lanmile

[y Y a 9 o J
uazusmeutaaiurin lmanald azldanudusiug

_ cos(¢— ) cos o cosw+sin(g— £)sind

R, T (2.33)
COS@COSO COS@+SIN@sin o
wazdmsuanTanld tazumasunaariuneh ldnenemile
cos(¢@+ B)cosocosw+sin(g+ B)sind

COS@COS S COSw+SINPsind

48



o

= v = & £~
gﬂ‘i’l 2.23 NAATIUUNUI VLA WD [23]

Y H

F '
ALUUAWITOAIUIUNIOATIAIUSIFIIUNANATLNUN WD BIABTITTINNANNTENY

& v A o ) 2 9Yo o P
VYUNUIIU (R) Tannaums (2.35) mmmﬂmimmmmaﬂmmimmcl%amuaﬂym I unu

v o v 4

v o 4 = 2 o o 9 A ' = a o A
ﬁ'ﬂluﬁﬂ‘]slﬂ! G #I1U1gDY 9T INANH A nsuduanyy H WﬂZWUﬁﬂl‘lﬂ HUYDN ﬂill'lﬂ!iQﬁ

g

9
AADANNIU

R= ITT (2.35)

1 o

A A = 3 ~ X o X
Lo |-|- uag | Ao miﬂﬁi"m"lfﬂmvmﬂﬂiz%umuuwumm LAZANUUNUITIY
2

ey o1auaad lumenueIFadase uazsianszae ldaail

R= TT R, +'Td R, (2.36)

Taei lor
AN R-= o (2.37)

b
ag R, = lar (2.38)

Iy

A A ' o ' [ dy 2 1 v A dgl A o v
LD Rb ADAIDATIFIUIITATIUUNUBDYIIADIIAATIUUNUIY LA Rd D DAIITIU

1w A A a 1o A X ' A v o
VDIANINANTEINYUUNULDYINDINIANTECIWRUUNUTIUY IbT uagaIu | ﬂ’f]ﬂ’li\‘]ﬁ@]i\ii’]ﬂ%')jll\?

49



A X a & o w A 1o oA o A
NANNISNUNULDYILASNUITIUNTYATIAUY IdT ag Id o ﬂ1§\1ﬁﬂ5$"lﬂﬂi'lﬂ‘]ﬂiﬂ\']'ﬂ@ﬂﬂigﬂﬂ
]

= = dy o w
WHDYASWUIY 11U

Y A o v X a
01 o AD BATINITASNDULFIVDINUAU

| I, ( 14cos 1-cos
R=-LR +-¢ P + p Yo, (2.39)
I I 2 2
I¥a1oasidumsagiounasvesnuauilszana 0.2 dmsunun luliduzlnagu

=_H [ Hy R—d+i[1+cosﬂj+p(1—cosﬁj (2.40)
H H H 2 2
ag

Hr =H=|1-0¢ [R, +H, (—Hcosﬁ}ﬁp (—1_C°Sﬂj (2.41)

H 2 2

. T, . .
cos(¢— ) cososin m, +—=sin(¢— F)sino

dwmsusnlanmide Ry = 180 (2.42)

COS #CoS I Sin @, + % sin ¢sino

180

e @, =min {cos‘l(— tan ¢ tan 5), cos™ (—tan(g + ) tan 5)} (2.43)

! . o { ! ' <3 o [
Tagf “min” 1111899 S1uIUNNATeeNNYD4 2 o lusdaudvsudnlanld

T,

_ cos(g+ p)cosasina, +—=sin(g+ B)sind
R» = 180 (2.44)
COS@COSISin @, + % i #sind
180
oy @, =min {cos‘l(—tan ¢tan 5),cos ™ (—tan(g+ B) tan 5)} (2.45)

50



o X ¢ F
2.11 HANMIMNUNUGIUVBIBAAUTIDINALY
A 9 o o L s A 9
Qﬁjﬂ‘ﬂ 2.24 LL'ﬁ@NIﬂi\Tﬁi'N Lm%ﬂaﬂﬂ'lﬁﬂTQTHWUiTHT@QL“BﬂﬁLLﬁQ@'I‘VI@]EJ Iﬂi\?ﬁﬁ']\i
4 a 4 a [ d‘ 9 ] L= é v o [ é )
IHAQLTIDINAY ﬂzuﬂuﬂumﬂmjﬂ”lmm IDYNDNIDU (p—n) "U'ﬂ\‘]ﬁ'lﬁﬂ\iﬁ?ﬂ']!&ﬂzﬁﬁﬁ]ﬁ'ﬁﬂﬂﬁﬂu'l
d' d' =1 d' dy 9 1 Aana é 9 1 g A

mwng]ﬂmqmmwummmuuwuiaﬂ"lmm Panou G]N'ﬁ'l3J'I5’0’0Qﬂhlﬂi]'lﬂlliﬂﬁﬂﬁll‘ﬁfﬁﬁﬁﬂﬂi'lﬂ

4

1 y o Y a < o 9 = 4 a & ' = 1
uazwmmumumwﬂwmajmm@mumﬂmﬂuwaﬂ L“]fﬂﬂuﬁ\iﬂ'l‘ﬂG]EJ“I’T‘INLLWH’E]'INJSIJ?]JTN

Y
a

I~ ' Y o 2 A Ao 3 oA A v o Y
lﬂullNHfJQﬂan (lﬁuw1uﬂuﬂﬂa1\1 5 u]) Wi@uaﬂymglﬂuuw'l'lﬁlﬁaﬂuﬂ qjﬁellu'lﬂ (ﬂ'luaz 5 u’J)

a

Haunu 200-400 lulaswas (0.2-0.4 Hadwas) tazihuumsduaisineilulumigurigiige
= 4 9 ' A A =2
@Wszuae 1,000 9IAUSAITEA) 1IN0V AT 19TO8A0 p-n NUANNANY T2 0.3-0.5 TuTasiuns
2 v 3 A o o 3 ] ' g { o 1% I
2 Ithaunduiumduia Tanzauuru dauan Tddhdumihnsouadidgnvasiuaedu
Y Y A~ a J 3 A J a 9 ° Yy =Y
adretean Welludseriindannsznaduderiag amsad vz Iihatialszyay
3 ' 1Tad 1 o {
uazdszauanvudsldun dianasou wag Taa Inseadnsooas p-nazhmrnadwauluih
J A 7 A ag 1 1 g
melugaduaserindmonendianasouli lnalindiavuazuenlea lva lufiuindaema il
o q ¥ a o 9 A 4% 3 A ' ¢ A Y Y o o
ldnauseaulfhununszuaass Yunaamsaes iesaomadudi01iadIA18n U
4 a 1 J J <
wseald liihrianszianss (3u nasanaIaIg vomeINIZIAATY 4a4) Nazdinszud Wi

wnams Ivaluiees [1]

a d
AN INAY

nouilimos

(7 1/
!

yargerming

< /
\4

ih+ nszualiihase ns09l5 Inith

»
L

4 a d
Iyaalaio1nee

%

508010 p-n YOIA15NIAINT

a P} o o & ¢ a @
51]7] 2.24 Iﬂi\?ﬁi'mllagﬂaﬂfni1/]']\1’]1!1/‘]ug’]umﬂﬂlcﬁaallﬁﬁa’]ﬂﬁﬂ [1]

U

51



7 a oA 1 7 2 o 2
iraaudseiadntiduiugudnans s 47 Inszua lihdasesilszuna 3 wownls
@ a 4 o
vazliusedu Wi nesdladszuna 0.5 Trad hideamsli lanszua liihuing s ldTaens
o 4 a J 4 1 o o 3 o
araaudseIindratomaau IR IUNY nied1deems1n laussan Inlihgen Ahldlaons
o s A < P o & 7 A A~ & £
aaudseIiadnaeraduIneoYNsNAY Fuvaauae1iag niurena liinazgnesnuuu
Aa A A Ay = ' A 8 a
Runsevezglifiondmasuium 92i5on71 une nouoga (module) Taouruyadudo1ing
4 a oo 1 [
Huwiadszana 1.2 x 0.5 a1319mas 0oy 1uee 3limadud01ind s IUIULINABBYNTUNY
! < s a o & ES o A %
(154 32-40 12 9) iyaauasoIiadv Haunaiuae Inussau Wi sdadszanm 16-20 Thad
[ 4 o w v
aszua liihdnleesdszana 3-4 uennds uazldmasIuihyseua 40-50 a4 Taglunsou
Aa A g a =1 9 Y Y 1 1 9 v A =1
yosozgiitiouil azeonuuulaniindunihidiesununszanlea uaz luaiuvessundstaniin

k4
v 4 A

1 1 1 o a d o 2’, o 4
areTaqiunuru uazduazes liliun lidaduaseriad auiudidlddesnisiuead
a o 7 o I a 7 T L g b
uasorind 1) 1¥nugunsal Iihnssuaadudesdedunesines (inverter) Fuilugilnsaiuaq

I < o ' { 1 4 a @
nszue lfhannszudaselinaeiuiunszuaady nounvzaowadudsoriag Tagilagiiu
4 a PPN 9 dy ~ = a = Y 4 a 4
aauaeIadnteyldnuuuiuTanuniigal 3 sia 3azilsznov lUdre wadudsoniag
a =< A an a =2 Aaa a ad J an
HANANIASIFANDU FiANAN INAFAnOU LazFialautvozueTHaTanoU
2.11.1 WapouduouFIalnaTuuazlszansnnnssIuImwnIne
4 1 a 4 [ 4 2y A\h
Lﬁaﬁaqu,mmmﬂﬁwqmammwmm anszua Wi W Ta (photocurrent)
A s a @ any X o o o A o :
Nraduasenndrznan 14 wwiunuanyuz vesalnasuvea01iad aznadIHaRO AU
a [ 4 a o a [
wemlnasuvouwaanaieIing Fananouaueusemilnaiy (spectral response) nu1eda
@ U @ 1 @ A J a ¢ @
sasauveanszud Wi T Taaa1993 ) Aowasunas P(L) Mivaauaserinduiu lasy
2 & 7w 4 A @ a o
Fan9 Jsc(L) tag PQL) Huilanduaesnnuennnauuouaionag lnsnanoudusudealnasy
] I J o o\ a A - . .
vy veuuls/Ana (A/W) A1 Uszansnimniasausaunine (collection efficiency)

J A ' o

T W 1 o Aa g { 4 a {
Wll’lflﬁ\i mamiﬁauﬂlmmujumaﬂmauﬁmaamemmwaﬁﬂ@mu’miﬂﬁﬂu ﬁﬁﬂﬂigcﬂ‘ﬂ

a I

Id' 4 a o Aa a o o d’
DYNUIIULYAALTIDINAY Tagtlsz@ns N5 52U UMM UNINTFUUDIANNIIAA LAY
é a = a A a a - - - =
F99e1000 2 ¥UA A1szanTaInmssIusIvIMeatelu (internal collection efficiency:77,))

= 1 Aa A A A Al a A 9 [ 4 a 4
U909 MUTZANTAINNTIIVTNINE IUNTA NAVUANAINAUS VUFIVDIULAALTIDINAY
lusimsazRounas tazalssansnNINU0IN1TIIVIINNINLAIIUDN (external collection

. . = a A Aa 9 [ 14 a 4
efficiency: next)mnemaﬂizammwmsi’msmwmzﬂsmmmumummmmaaummma

NamsazRouuad [1]

52



\ d
2.12 %ﬁmmsmﬂmmwaa
< 1 :{gl.w o aa O é 1 < a
TﬂfJ‘VI'JUhJLLWQI“]fEﬂLGﬁaauu TNMMUIVNBANDU (Sllhcon) ‘ﬂf\?ﬁ']?J'liﬂLLll\iﬂJu 2 BUA
A a A =2 . a A =2 o
1G] !,m‘uazu'aﬂﬁ (Amorphous) LA BUALIYINAN (Multl aray) Tﬂmmu%umimwaﬂmmmm
A v Y A . =2 A .
ﬂi]xuﬂﬁﬂﬂﬂ@]vlﬂ’ﬂﬂﬁ’ﬂilmﬂ A9 LUUNTY (Poly crystalline) LA LLUVNANAYI (Mono crystalline)
A g v a ¥ o g A v =2 a ]
Lwagﬂuuuamﬂummﬂauhuu mtﬂuw%mmmmm%uﬂ Llﬂgﬂ'J'lil!ﬁll'l%'ﬁll‘l]ﬂ\?ﬂ'ﬁ&l“]f\ﬂu
voaurs Tsauyadaanan?
1 4 a
2.12.1 uwﬂ%mmaa BURA ﬂgﬂ\lﬂﬁﬁ
1 Jd a dyé = I 1" Ao A o <
L!WQT%@']L"K@Q%H@H "]N‘”l]$3Jﬁﬂymglﬂuuﬂuwaﬂlﬂaﬂﬁﬁ1ﬂ@] aﬂymﬂﬂﬂ‘w’flﬂ

= S A o =
druanyuzduaa szl 2.25

51 225 unalaauradaiinozueild [10]

1 ' a o 4 4 s o
Tagarulna ozuele znaausaaulradage Ussua 36-60 1raa tagiineuu s

=KX o Y ) o A Y o o A9 @ 1 % ¥ A Y|
iz d i Idnuszouhauidesnmsussauge wu szuutuii wieszuu Wi
J v { S t4
dosaieniiszozuesae o1 nisldauves unsezueaiu vwwaesinisaenldginsal

' = v 4 Aq ¥ o = A T [ o
sz au U a3 e g iauaaes tazmsowlasnszua Wihimnzaunoussau

Taom 1) laifionlFunaaes 12 Toad issgnimen iz gapdeussan i Taonlanlse Tond

53



Y ~ v o ~ s ' ~ P
ouksozNod Huuansaauiaui 48-60 Thadnsaonuamesvia 12 1oad douuueynsy
= o A S = ' ~ o 2 ] P ' P’
1955 aaun 48 Traa Famsaeuuanos luanyazil azawnsalydse Tesianuma Tsauwaa
) Y a dyd 9 AR A 1 [ [ ~ '
lagaga dordovoaumstiail Avorgms Isnuiszana 5-6 3 Fadonluwn uavziisian luuns
Y Y
awnsondalalulszmalng Tasdsea@nsnmuewmeriai lige dszumdooas 5-6 mniu
[ g’/ a g’/ a dyd 9y o dy A
AIUUNITAAAT UNIFUATIIADID AN UNLIN [10]
] d A A =
2.12.2 uNa Tsauyadshais eaman
1 a’g o = o 14 A Aa = T 4
ura Tyauyad i laen1siseanivoaliwed (wafers) HoNHeuFonuwaa
o = ] P 3 [ a [ 1 [
(Cell) wazrhwdnnseu Taslinszanlallasgaumiives nldvuediuriavesiagnldin

= o =2 A A =R o ~
FIDNVITNIVNHNANIAYI HIDHNANNETY ﬂ\‘]llﬁﬂ\‘ﬂuqﬁjﬂﬂ 2.26

4 1 @ I ]
51 2.26 dounuliles neuszdrsenilunruaad [10]

54



[ 9 a é] [ 1 4 1 =\ 49! Ao
139AUM 3 THFNUVOHITTATLDYTEHIN 16-20 106 UAIZTINTLUATIVY 1HDT NI
v & A 49! ﬁ' [ d' Y o 2= 1 =1 ] a 1 J
AAINUAY 119N TAAN 15 MW T ANUUANANAUIIF IO LLNFUAVD UM Taasad
g 3
B sawan 1dtluaesuuy Ao
1 J a =4 .
2.12.3 umdlgauyadytauuunanwaw (Poly crystalline)
' d a dal ° Aaa A da! vy 9
uwa Teaugadytiaiisiuinganeoudesriaiu il azarearennuiougs
o qYd o 2 Y P T T & Ao 3 = A Y A
yaz 1dsuananed/unounivles anuwihuiaadluuny FalanyaztlunandooniiiEGu
A o I [l o ] ' 2d Ao AqQ Y o ] = 1 =< < o
edunarziiuedlaFanuiurHwsaduu Jiaanldvimnnimiieeds ¥ laen lanvas
4 = g’; <3 1 dg! 1o ax 2
vouraaazivialegUuuunavinadn uazvinalvg IuegnuITNI0oNUDY LaNI3 161y

YoIUTHNANAN 31N 2.27 naasdiodveauns lsausaasiananae

51 2.27 pumsTwansadyiianannew [10]

U

1 Jd a dy a 9 U a A S 9
wr Tgausaasiall %gﬂuﬂu%mnmmm ¥ila ozuoWd L‘L‘li’Niﬂﬂ‘JJi’J”IQﬂﬁi“lf\ﬂu

ananunMilnaausaldauldedraisedszuna 20 3 msldauaansaly ladeniniiosnin

b4
a %

9 v 1 v
ura Tranusadsiatii 1as naesnnedszana 17-18 Taad aatudsdedmsuii 1l ldauna

2 ¢

Tagms lFnunussdula o s wd nunuamesuuausiau 12 Toad ldaes uazldlalon

55



]
@

A 9 9 v o ] o Y 1 J a = Yo @

N TJENﬂLlﬂﬁ%u’ﬁhl‘ﬂaﬂf]uﬂﬂﬂll'lﬂ\umﬂ mm%mﬂmmﬂcﬁmwaa Lﬂﬂﬂ')'mtﬁﬂﬂ']ﬂllﬂﬁ'lﬁi‘l_l
A a U s a A = Y

ﬂizﬁmmwmmuwﬂwamﬁaa%uﬂmz@gwﬂizmm I0yaT12-15

2.12.4 unuwaniael (Mono crystalline)

TaoTganaaanilunanne FaluuaTiudngIdsuanuaulanndldgs

Y

e

A A

A 1 S a dal =\ a A a Y 1 = 9

o910 lyausaaviail uﬂﬁzﬁ‘nﬁmwmﬁwawmzuﬁ"lﬂﬂmawuﬂqmq I080L 15 UasI1a
[ 1 1 J A J XK ~ o Y o AA =

thL!ﬂﬂﬂNﬂ'lﬂT%a']ﬁ]faa‘b’uﬂNﬁiJ Iﬂ‘c’ll“ﬁﬁﬁﬂﬁﬂlﬂﬂ?ﬁﬁﬂﬁﬂ“I/nllﬂfmﬂfnﬁﬂ"lfaﬂ@uiﬂllﬂﬂwﬁﬂ
Y A 1T A =2 Ay g}z 1 I Y 14 o @ I 1 ]

TMviaouasiaveanannaesns ndunasluneunives uazmmmﬂa@mﬂuuwumm

° s A < ' S o A
uazmwaamwwﬂuuwﬂwmmaam‘lﬂ LE AN ﬂ\'ig‘ﬂ‘l/] 2.28

® ¢ 4 ¢ 4 4 0+ 4 o ¢+ o
¢ 4 ¢ 6 4 6 4+ + ¢ o+ o
® 4 4 4 4+ 4+ * ¢ 4 + o
® 6 ¢ ¢ 6 6 4 6 ¢ o+ o

*
2
) 4
) 2
4
4
) 2
4
$

H J Jd a {
517 2.28 s Taausadsiiananaed [10]
1 4 = I =S o ,&’ = J a'da! T
uiwaaszianvaziludoonduiieervuia uazgilsnveusaavuegn

A v 9 A ° Y A @ 1 4 =2 = a A
‘]JiH‘V]lewa@]ﬂ"liu"lllﬂ1611\111!“411ﬂuﬂﬂllﬂﬁi%ailcﬁaallﬁﬂWaﬂWﬁll FITTNITOWITUIAUTNUA

1 d a dy 9 dy
Lmﬂ«nau%aa%uﬂu"lﬂmumsnu

56



/ L2 1 4 {
3197 2.2 uantiavewHs TvausaauuURANRe) [10]

Electriccity Performance Parameter Module size Installation Size (mm) Weight
Wp
- Vmp (V) Imp (A) Ise (A) Voc (V) L x W x H (mm) A/Al B Hole size (kg)
165 36.0+-05 478+-0.20 553+-020 44.0+-0.5 1573x823x46.50  1200/600 788 10+-7.0 ~15.0
90 18.0+-0.5 4.79+-0.20 522+-0.20 22.0+-0.5 1196x534x25 930/465 495 6+-6.4 ~7.0
85 185+-0.5 4.66+-020 5.09+-0.20 22.0+-0.5 1196x534x25 930/465 495 6+-6.4 ~7.0
80 17.5+-0.5 453+-0.20 491+-0.20 22.0+-0.5 1196x534x25 930/465 495 6+-6.4 ~7.0
75 17.5+-05 434+-0.20 4.94+-0.20 22.0+-0.5 1196x534x25 930/465 495 6+-6.4 ~7.0
53 17.5+-05 3.12+-0.20 3.50+-0.20 21.0+-0.5 786x531%25 600 495 4.6+-6.4 ~5.0
40 17.5+-05 2.34+-020 2.62+-0.20 21.0+-0.5 626x531%25 415 495 4.6 +-6.4 ~3.6
20 17.5+-05 120+-0.20 1.34+-0.20 21.0+-0.5 621x281%25 415 245  4.6+-65 ~2.2
15 18.5+-0.5 0.82+-020 0.88+-020 22.0+-0.5 421x301x25 220 264 4.6+ 65 ~1.5
10 17.5+-0.5 0.60+-0.20 0.66 +- 020 21.0+-0.5 356x301%25 190 264 4.6 +-6.5 ~1.4
5 18.0+-0.5  0.29+-0.20 0.33+-0.20 21.0+-0.5 291x205%25 ~0.9
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20 midi Logger

Built-in 5.7" TFT LCD
Color Display

Stand-alone or PC-
connected operation

20 Analog Channels
Standard, Expandable to
200

Input-to-output and
channel-to-channel
Isolation

USB and Ethernet PC
Interfaces

With its color monitor and internal memory
the GL820 is a compact, lightweight,
multi-channel data logger that provides 20
standard analog measurement channels,
expandable to 200. The GL820 is equipped
with a large internal flash memory to
allow the direct capture of acquired data,
and its built-in USB port may be used to
connect any standard USB fash drive for
incremental capacity. Alternatively, the
USB or the integral Ethernet port may be
connected to a PC to allow data upload in
real time or from memory, as well as local
or remote configuration and real time data
acquisition. The Ethernet feature includes
WEB and FTP server functions, which
allows monitoring from a remote location
as well as data transfer.

Wide Voltage Measurement
Range

Each GL820 analog channel can measure
from 20 mV to 50 VFS across eleven
programmable measurement ranges.

Full Electrical Isolation Per
Channel

Each analog GL820 channel is electrically
isolated from all others and from
mstrument ground to allow accurate

and safe measurements in industrial
applications where ground potential
differences are common.

DATAQ Instruments, Inc. * 241 Springside Drive +

Voltage, Current, and
Temperature Measurement
Functions

Use the GL820 to measure voltages,
currents, 4-20 mA process currents, as
well as thermocouple- and RTD-based
temperatures.

Four Unique ‘Pulse’ Inputs for

Discrete Measurements
The GL820 provides discrete input
channels that can be used for counting and

rotational speed measurement applications.

Or program the discrete inputs as simple
logic level input channels.

Four Alarm Outputs

Program the GL820 to trigger its open-
collector outputs as a function of analog
input signal level judgment, pulse
judgment, or logic pattern.

Wide Sample Interval
Selections

Sample intervals can be programmed to be
one of sixteen values ranging from 10 ms
to one hour.

Bright TFT LCD Color Display
The focal point of the GLB20 is its built-in
5.7-inch color display that allows real
time trending, data review, and complete
instrument configuration.

Engineering Units Scaling
Each GL820 channel allows up to four
break points to be programmed for
accurate scaling into meaningful units like
psi, grams, newtons, gallons per minute,
etc.

8-1444 « Email: supp

Flexible Triggering Options
The GLE20 allows data capture 1o be
started or stopped based upon signal
level, an external event, date/time,
alarm, duration, or Boolean channel
combinations. Analog signal triggers can
be programmed based upon level and
window tests: above threshold, below
threshold, inside window, or outside
window.

Real Time and Post-recorded
Calculations

The GLB20 may be programmed to
calculate average value, peak value,
minimum value, rms, and arithmetic
operations (+,-,%,/) between channels.

Flexible Power Requirements
Power the GL820 from its provided
international AC adaptor, from an optional
built-in battery pack, or from any 9 to 24
VDC source using an optional cable,

PC Connectivity via USB or
Ethernet

Allows data transfer to the PC either in
real time or from the GL820’s memory.
Also allows complete configuration of the

GL&20.

PC Software Bundle Included
The GL820 includes a Windows
application for direct capture,
measurement, and monitoring of GLE20
data. In addition to waveform and data
value capture and display, the application
can export data to an Excel file for further
analysis and report creation. The software
includes built-in help for quick reference,

lag.com *
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820 Display, 1/0, and Control Overview

ey . 5 Operation status LED s
Fi’(l.‘jslr;terface terminals Monitor - POWER: ON when power is ON Power switch
» START: ON during data capture

*LAN
« CHARGE: ON while battery is charglng e

1 [ielelelilsieleltlefielseliefeiel]

® % woo sfeowwowfow s o8 788 48t
oooocooodooooocfonoocooo000000000
©00000l0000000000000000

¥ ‘ f w:ax‘.&.sgm::; = [om= om= 0w | | B
Al o] / S
[ L &= | |ﬁ

BRI

Con(rol panel keys

3
o

W

—J—

AC adapter jack
GND terminal

USB memory terminal

‘%“%Aﬁ“ﬂﬂﬁl@*ﬁfﬁiﬂ“#ﬁ&ﬁ%‘ﬁ\

— Analog signal

input terminals
External inputioutput terminals Power jack for the humidity sensor

* LOGIC/PULSE (Humidity sensor is the option B-530)
* EXT TRIG/SAMPLE

* ALARM
Logic alarm cable (When using the B-513 option)

o o

Label

Battery cover
Two battery packs can be installed
{option B-517)

www.datag.com

330-668-1444
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GL820 Analog Input Circuit and Measurement Ranges
Each GL820 analog input channel features electrical isolation using a photo MOS relay switching method to maintain safe
and accurate measurements in demanding industrial environments.

T0.06uF

W oo

Loosyr
Co—AW oo
50 Channeal i
Switching
Relay
Voltage Measurement Ranges per Channel
Range Maximum SPAN Minimum SPAN Minimum Resolution
20mV -22.000 to +22.000mV 0.200mV 0.001mV
S50mV -55.00 to +55.00mV 0.50mV 0.01mV
100mV -110.00 to +110.00mV 1.00mV 0.01mV
200mV -220.00 to +220.00mV 2.00mV 0.01mV
500mV -550.0 to +550.0mV 5.0mV 0.1mV
% -1.1000 to +1.1000V 0.0100V 0.0001V
2v -2.2000 to +2.2000V 0.0200V 0.0001V
5V -5.500 to +5.500V 0.050V 0.001V
10V -11.000 to +11.000V 0.100Vv 0.001V
20V -22.000 to +22.000V 0.200V 0.001V
50V -55.00 to +55.00V 0.50v 0.01v
Process Current Measurement (with model R250 resistor)
Maximum SPAN Minimum SPAN Minimum Resolution
1-5V -5.500 to +5.500V 0.050V 0.001V
Temperature Measurement Ranges per Channel
Range Maximum SPAN Minimum SPAN Measurement Range Minimum Resolution
K =200 to +1370°C
- | -20000+1100°C
T =200 to +400°C
R 0 to +1600°C
E -200 to +900°C
B ( 4 +600 to +1920°C !
5 -270 to +2000°C 50°C 010 +1760°C 0.1°C
- (oG8 C A
w 0 to +2315°C
PT100 -200 to +850°C
JPT100 =200 to +500°C
PT1000 -200 to +500°C
Optional Humidity Measurement Range

ELT Maximum SPAN Minimum SPAN Minimum Resolution

atag.com

9y o A A v KR 9 1
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Trormocouple Grade. * Zaweer  Revised Thermocouple
Z20010 1250°C Reference Tables

Extension Grade
2 to 392°F

0'to 200°C - .
LIMITS OF ERROR Nickel-Chromium TYPE
(whichever is greater) Vs

Standard: 2.2°C or 0.75% Above 0°C

2.2°C or 2.0% Below 0°C Nickel-Aluminum Reference

Special: 1.1°C or 0.4% + Tables

COMMENTS, BARE WIRE ENVIRONMENT: N.IST

Clean Oxidizing and Inert; Limited Use in — S

Vacuum or Reducing; Wide Temperature Monograph 175
Range; Most Popular Calibration
: Extension Revised to
TEMPERATURE IN DEGREES °C Grade ITS-90 ]
REFERENCE JUNCTION AT 0°C
Thermoelectric Voltage in Millivolts
¢ 0 -9 8 .7 6 -5 4 3 2 4 0 °C c 0 1 2 3 4 5 6 7 8 9 10 °C
250 10.153 10.194 10.235 10.276 10.316 10.357 10.398 10.439 10.480 10.520 10.561 250
260 10.561 10.602 10.643 10684 10.725 10.766 10.807 10.848 10.889 10.930 10971 260
270 10971 11.012 11053 11.084 11135 11,176 11.217 11259 11,300 11341 11382 270
-260 -B.458 -6.457 -6456 -6.455 -6.453 -6.452 -6450 -6.448 -6.446 -6.444 5441 -260 280 11.382 11423 11465 11.506 11.547 11588 11.630 11.671 11.712 11.753 11.795 280
2250 6441 6430 -6.435 -6.432 5429 -6.425 -6.421 -6.417 -6.413 -6.408 -6.404 -250 200 11795 11836 11877 11919 11.960 12001 12043 12084 12126 12.167 12200 290
-240 -6.404 -6.309 -6.393 -6.388 -6.382 -6.377 -6.370 -6.364 -6.358 -6.351 -6.344 -240 300 12,209 12.250 12201 12.333 12374 12416 12457 12.499 12540 12.582 12624 300
230 -6.344 -6337 -6329 -6.322 6314 -6.306 -6.297 -6.289 -6.280 -6.271 -6.262 -230 310 12624 12665 12707 12.748 12790 12831 12673 12915 12956 12.998 13040 310
-220 -6.262 -6.252 -6.243 -6.233 -6.223 -6.213 -6.202 -6.192 -6.181 -6.170 -6.158 -220 320 13.040 13.081 13,123 13,165 13.206 13248 13.290 13.331 13373 13415 13457 320
<210 -6.158 -6.147 -6.135 -6.123 -6.111 -6.000 -6.087 -6.074 -6.061 -6.048 -6.035 -210 330 13.457 13.498 13540 13,582 13.624 13665 13.707 13.749 13.791 13.833 13874 330
-200 -6.035 -6.021 -6.007 -5994 -5.980 -5.965 -5.951 -5936 -5.922 -5.907 -5.891 -200 340 13.874 13916 13958 14.000 14.042 14.084 14126 14.167 14200 14261 14.293 340
<190 -5.891 -5876 -5.861 -5845 -5820 -5813 5797 -5780 -5.763 -5.747 -5730 <190 350 14.293 14.335 14377 14.410 14.451 14503 14.545 14587 14629 14.671 14713 350
-180 -5.730 .5713 -5685 -5678 -5660 -5842 -5624 -5606 -5588 -5568 -5550 -180 360 14713 14.755 14797 14,830 14.881 14.923 14.965 15007 15049 15001 15133 360
-170 -5.550 -5531 .5512 .548) 5474 -5454 -5435 .5415 .5395 .5.374 -5354 -170 370 15133 15175 15217 15259 15301 15343 15385 15427 15469 15511 15554 370
-160 -5.354 -5.333 -5313 -5202 -5271 -5.260 -5.228 -5207 -5.185 -5.163 -5.141 -160 380 15.554 15506 15638 15680 15722 15.764 15806 15849 15891 15033 15875 380
<150 5141 -5.119 -5087 -5074 -5052 -5029 -5.006 -4.983 -4960 -4936 -4813 -150 380 15.975 16.017 16.050 16,102 16.144 16.186 16.228 16.270 16.313 16.355 16.397 390
-140  -4.913 4880 -4.865 -4.841 -4.817 -4.703 -4.768 -4744 4710 -4.604 -4.660 -140 400 16397 16439 16482 16.524 16.566 16.608 16.651 16.693 16.735 16.778 16820 400
-130 -4669 4644 4518 4503 4567 4542 4516 4490 4463 -4437 4411 130 410 16.820 16.862 16.904 16.947 16.989 17.031 17.074 17.116 17.158 17.201 17.243 410
<120 -4.411 .4384 4357 4330 -4.303 4276 -4.245 .4221 .4194 4166 4138 .120 420 17,243 17285 17.328 17.370 17413 17455 17497 17540 17582 17624 17667 420
<110 -4.138 -4.110 -4.082 -4.054 -4.025 -3.907 -3068 -3039 -30911 -3.882 -3852 -110 430 17.667 17.709 17.752 17.794 17.837 17879 17.921 17.964 18.006 18.049 18.091 430
100 -3852 -3823 -3794 3764 3734 -3705 -3675 -3645 -3614 -3584 3554 100 440 18,091 18134 18476 18218 18.261 18.303 18.346 18388 18.431 18.473 18516 440
-00 -3.554 -3.523 -3.402 -3462 -3.431 -3.400 -3.368 -3.337 -3.306 -3.274 -3.243 - -00 450 18,516 18558 18.601 18.643 18.686 18.728 18.771 18.813 18.856 18.808 18.941 450
-80 3243 3211 3179 3147 -3.115 -3.083 -3.050 -3.018 -2.985 -2.953 -2.920 80 460 18.941 18983 10.026 19.068 19.111 10.154 19.196 19.230 10.281 10.324 19.366 460
-70 -2.920 -2.887 -2.854 .2821 .2.788 -2.755 -2.721 .2688 -2.654 .2.620 2587 .70 470 19.366 19408 19451 19494 19537 19579 19,622 19.664 19.707 13,750 19792 470
-60 -2.587 -2553 -2.519 -2485 -2450 -2416 -2.382 -2347 -2.312 -2278 -2243 60 480 19.792 19835 19.877 19.020 19.962 20.005 20.048 20.090 20.133 20.175 20218 480
.50 -2243 -2208 -2473 -2.138 -2.103 -2067 -2.032 -1.996 -1.961 -1.925 1889 -50 490 20.218 20261 20303 20346 20.389 20431 20474 20516 20559 20.602 20644 490
-40 -1.889 -1.854 -1.818 -1.782 -1.745 -1.700 -1673 -1.637 -1600 -1.664 -1527 -40 S00 20.644 20.687 20.730 20.772 20.815 20.857 20.900 20.843 20.985 21.028 21.071 500
<30 -1.527 14980 -1453 -1417 1380 -1.343 -1.305 -1268 -1231 -1194 -1156 -390 510 21071 21.113 21.156 21.19% 21.241 21.284 21.326 21.360 21412 21454 21407 510
-20 1156 -1.119 -1081 -1.043 .1006 -0968 -0.930 -0892 0854 -0816 0778 -20 520 21497 21540 21582 21625 21668 21710 21,753 21796 21838 21881 21924 520
-10 -0.778 -0.739 -0.701 -0.663 -0.624 -0.586 -0.547 -0508 -0.470 -0431 -0.392 .10 530, 21.924 21886 22,009 22.052 22.094 22.137 22179 22222 22.265 22.307 22350 530
0 -0.392 -0.353 -0.314 -0.275 -0.236 -0.197 -0.157 -0.118 -0.07% -0.039 0000 9 540 22.350 22.393 22435 22478 22521 22563 22.606 22649 22691 22.734 22776 540
0 0000 0039 0079 0118 0158 0198 0238 0277 0317 0387 0397 a 550 22.776 22.819 22862 22.904 22.947 22990 23.032 23.075 23.117 23.160 23.203 550
10 0397 0437 0477 0517 0557 0597 0637 0677 0718 0758 0798 10 60, 23,203 23245 23.288 23331 23.373 23.416 23.458 23501 23544 23.586 23620 560
20 0798 0838 0879 0918 0960 1000 1.041 108t 1122 1163 1203 20 570 123,629 23671 23714 23,757 23799 23,842 23884 23927 23970 24.012 24.055 570
30 1203 1244 1285 1326 1.366 4407 9448 1488 1530 1571 1612 30 580 24.055 24.007 24,940 24.182 24.225 24267 24.310 24.353 24305 24,438 24480 580
40 1612 1653 1694 1735 1776 1817 1858 1.899 1941 1982 2023 40 SO0 24.480 24523 24565 24608 24.650 24693 24.735 24778 24820 24.863 24.905 590
S0 2023 2064 2106 2147 2188 2230 2271 2312 2354 2395 243 50 600 24.905 24.848 24990 25.033 25.075 25118 25.160 25203 25245 25288 25330 600
60 2436 2478 2519 2561 2602 2644 2685 2727 2768 2810 2851 60 610 25330 25373 25415 25468 25.500 25,543 25585 25627 25670 25.712 25755 610
70 2851 2883 2934 2876 3017 30688 3100 37942 3184 3225 3267 70 £20 25,755 25787 25840 25882 26,924 25967 26.009 26052 26094 26.136 26.179 620
80 3267 3308 3350 3391 3433 3474 3516 3557 3509 3640 3.662 80 B30 26.179 26.221 26263 26.306 26,348 26.390 26.433 26475 26517 26.560 26.602 630
90 3682 3723 23765 3806 3.848 3889 23931 3972 4013 4.055 4096 0 64026602 26.644 26687 26.720 26.771 26814 26.856 26.808 26.940 26.983 27.025 640
100 4096 4138 4179 4220 4.262 4303 4344 4385 4427 4468 4509 100 650 27.025 27.067 27.108 27.152 27.194 27.236 27.278 27.320 27.363 27.405 27.447 650
110 4509 4550 4591 4833 4674 4715 4756 4797 4838 4879 4920 110 B0 27447 27489 27.531 27.574 27.616 27658 27.700 27.742 27.784 27.826 27.869 660
120 4920 4961 5002 5043 5084 5124 5165 5206 5247 5288 5328 120 B70 27869 27911 27953 27,695 28,037 200079 28,121 28.163 28.205 28,247 28289 670
130 5328 5360 5410 5450 5491 5532 5572 5613 5653 5604 5735 130 80 28289 28.332 28374 28.416 28.458 28,500 28,542 28.584 28.626 28.668 28.710 680
140 5735 5775 5815 5856 5.896 5937 5977 8017 5058 6.098 6138 140 600 20.710 28.752 28794 20835 28.877 28.910 28.951 20.003 20.045 20.087 20.120 690
150 6.138 6.179 6219 6259 6.299 6330 6380 6420 6460 6500 6540 150 700 29.129 20.171 29213 29.255 20297 29338 29.380 29422 29.464 29.506 29548 700
180 6540 6580 6620 6860 6701 6741 6781 6821 6861 6.901 €441 160 710 20548 20589 20631 20673 20.715 20757 20.798 29840 20.882 20.924 29965 710
170 6941 6981 7021 7060 7400 7440 7480 7.220 7260 7300 7340 170 720 -26.965 30.007 30049 30090 30.132 30,174 30216 30257 30.299 30.341 30.382 720
180 7.340 7.380 7420 7460 7.500 7540 7579 7619 7659 7699 7730 180 730 30.382 30424 30466 30.507 30549 30590 30.632 30674 30.715 30.757 30.788 730
190 7.739 7779 7819 7858 7.899 7939 7.979 8019 8050 8098 2138 190 740 30798 300840 30881 30.823 30.964 31.006 31.047 31.089 31130 3172 31213 740
200 8.138 8178 B8.218 B8.258 8208 8338 8378 8418 B4SE 8496 8539 200 75031213 31255 31,206 31.338 31379 31421 31.462 31504 31545 31586 31628 750
210 8539 8579 08619 8659 8699 8739 8779 8819 BBE0D 8900 8940 210 760 31628 31660 31.710 31.752 31.793 31.834 31.876 31017 31.958 32.000 32.041 760
220 B940 8980 9020 9061 5101 9141 9181 9222 9262 8302 9343 220 77032041 32082 32,124 32,965 32206 32247 32,289 32330 32371 32412 32453 7710
230 9.343 9383 9423 0464 0504 0545 09585 9626 0666 9.707 9747 230 780 32453 32495 32,536 32577 32.618 32.659 32.700 32742 32,783 32,824 32.865 780
240 9747 9788 0828 9869 9909 9950 0.991 10.031 10.072 10.113 10153 240 790 32,865 32006 32.047 32988 33.029 33.070 33.111 33152 33.193 33.234 33275 790
< 0 1 2 3 4 5 6 7 &8 9 10 °C c 0~ 2 3 4 5 6 7 8 9 10 °C
4
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Revised Thermocouple
Reference Tables

TYPE

Reference
Tables

N.LST
Monograph 175
Revised to

ITS-90

800
810

830
840

850
860
870
880
890

50
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

“c

9

0.4 VoY

0
33215
33685
34.093
34.501
34.908

35313
35718
36.121
36.524
36,925

31328
31725
38.124
38.522
38918

39.314
39.708
40101
40.494
40.885

41218
41,665
42053
42.440
42826

43211
43595
43978
44.359
44.740

1
33.316
33.726
34.134
34.542
34 948

35.354
35.758
36.162
36.564
36.965

37.366
37.765
38.164
38.561
38958

39.353
39.747
40141
40533
40.924

41.315
41.704
42.092
42479
42865

43250
43633
44016
44.397
44778

1

2
33.387
33.767
34.175
34.582
34,989

35.304
35798
36,202
36.604
37.006

37.406
37.805
38.204
38.601
38.997

39.393
39787
40.180
40572
40.963

41.354
41743
42,131
42518
42903

43.288
43672
44,054
44,435
44816

2

3
33.308
33.808
34216
34.623
35.028

35.435
35.839
36.242
36,644
37.046

37.446
37.845
38.243
38641
39.037

39.432
39.826
40.218
40611
41.002

41393
41781
42.169
42556
42942

43zt
43.710
44,092
qa473
44853

3

4
33.430
33,848
34257
34.664
35.070

35475
35.879
36.282
36.685
37.086

37.486
37.885
38.283
38.680
39.076

30471
39.866
40259
40651
41.042

41.431
41820
42.208
42.595
42980

43.365
43748
44.130
44.512
44.891

4

5
33480
33.889
34.207
34.704
35110

35518
35.920
36.323
36.726
37.126

31526
37925
38.323
38.720
39118

3951
39.905
40.298
40690
41.081

41.470
41859
42.247
42633
43.019

43403
43787
44,169
44.550
44929

5

6
33521
33.930
34.338
34.745
35151

35.556
35960
36.363
36.765
37.166

37.566
37.965
38.363
38.760
39.155

39.550
35.944
40,337
40.729
41120

41.509
41898
42286
42672
43.057

43442
43825
44.207
d4.588
44.967

7
33.562
33971
34379
34.786
35.192

35596
36.000
36.403
36.805
37.206

37.606
38.005
38.402
38.789
39.195

39.590
39.984
40.376
40.768
41,159

41.548
41937
42324
42111
43.006

43.480
43063
44245
44626
45.005

7

+

Thermocouple
Grad

rade

Nickel-Chromium
Vs.
Nickel-Aluminum

Extension

Grade

Thermoelectric Voltage in Millivolts

8 9 10 ¢ [°C 0 1
33.603 33.644 33685 8OO 1100 45.119 45.1457
34012 34053 34083 810 1110 45497 45534
34420 34460 34501 820 1120 45873 45811
34.826 34.867 34.908 830 1130 46.249 46.286
35232 35273 35313 840 1140 46,623 46.660
35.637 35677 35.718 850 1150 46.995 47.033
36.041 36.081 36121 860 1160 47.367 47.404
36.443 36484 36524 870 1170 47737 47774
36.845 36,885 36.925 880 1180 48.105 48.142
37.246 37.286 37,326 630 1190 48473 48509
37.646 37.686 37.725 900 1200 48.838 48875
38.044 38.084 381424 940 1210 49.202 49.239
38.442 38.482 38522 920 1220 49.565 49.601
38.839 38.878 38.918 030 1230 49926 49.962
39.235 38.274 39.314 840 1240 50.286 50322
30.620 30669 39.708 950 1250 S50.644 50.680
40.023 40.062 £0.101 960 1260 51.000 51.036
40,415 40455 40484 870 1270 51355 51391
40,807 40,846 40.885 080 1280 51.708 51.744
41198 471237 41.276 890 1290 52080 52,095
41.587 41.626 41.665 1000 1300 52410 52.445
41.976 42.014.42.053 1010 1310 52758 52794
42363 42402 42440 1020 1320 53.106 53.140
42.749 42.788 42.826 1030 1330 53451 53.488
43,134 43173 43211 1040 1340 53795 53830
43,518 43.557 43.585 1050 1350 54.138 54.172
43.901 43940 43878 1060 1360 $4.479 54513
44283 44.321 44358 1070 1370 54819 54852
44.664 44.702 44.740 1080

45043 45081 45.118° 1090

& 9 10 2 Vior4
205

109

2
45.194
45572
45946
46.324
46.697

47.070
47441
47811
48179
48.546

48.911
49.275
48,637
49.998
§0.358

50.718
51.071
51426
51.779
§2.130

52.480
52828
§3.175
53.520
§3.864

54.206
54.547
54,886

MAXIMUM TEMPERATURE RANGE
Thermocouple Grade

~ 328 to 2282°F

- 200 to 1250°C

Extension Grade

32 to 392°F

0 to 200°C

LIMITS OF ERROR

(whichever is greater)

Standard: 2.2°C or 0.75% Above 0°C
2.2°C or 2.0% Below 0°C

Special: 1.1°C or 0.4%

COMMENTS, BARE WIRE ENVIRONMENT:
Clean Oxidizing and Inert; Limited Use in
Vacuum or Reducing; Wide Temperature
Range; Most Popular Calibration
TEMPERATURE IN DEGREES °C
REFERENCE JUNCTION AT 0°C

3
45.232
45610
45.986
46.361
46.735

47.107
47.478
47.848
48.216
48582

48.948
49311
49674
50.034
§0.393

§0.751
51.107
51.461
51814
52,165

§2.515
52.863
§3.210
53.555
§3.898

54.240
§4.581

ﬁwgwwzqﬂﬂnﬁ’ﬂqmwgﬁ Thermocouple Type K (A0)

4
45.270
45647
48.024
46.398
48772

47144
47.515
47.884
48.252
48619

48.984
49.348
48710
50.070
50.429

50.787
§1.142
51.497
51.849
$2,200

52.550
52.898
53244
53.589
53932

54274
54615

5
45.308
45,685
46.061
46.436
46.808

a1.181
47.552
47921
48.289
48,656

49.021
49,384
49.748
50.108
50.465

50.822
51178
51532
51.885
52235

52.585
52932
53.279
53623
53.967

54.308
54,646

6
45.346
45723
46.099
46.473
46.847

ar.218
47.589
47958
48.326
48.692

49.057
49.420
48782
50.142
50.501

50.858
§1.213
51,567
51.920
§2.210

52.620
52.967
53313
53.658
54,001

54.343
54,683

7
45.383
45760
46.136
46.511
46.884

47.256
47.626
47995
48.363
48729

49.003
49.456
43818
50.178
50837

50.894
§1.249
51603
51.955
52.305

52.654
53.002
53.348
53.692
54.035

54317
54717

8
45421
45.798
46.174
46.548
46.921

47.293
47.663
48.032
48.399
48.785

49130
49.493
48854
50.214
§0.572

50.920
§1.284
51,638
51.990
§2.340

52.689
53.037
53.382
53.727
§4.069

54.411
54.751

9
45.450
45.836
46.211
46.585
46.958

41.330
47.700
48,068
48.436
48.802

49.166
49.529
49,890
50.250
50.608

50.965
§1.320
51.673
52.025
52375

52724
53.0Mm
53417
53.761
54.104

54.445
54.785

10
45.497
45873
46.248
46.623
46.995

47.387
47.7137
48.105
48473
48.838

49.202
49.565
49.928
50.286
50,644

51.000
§1.355
51.708
52.080
52410

52.758
53.106
53451
53.795
54.138

54.479
54819

°Cc
1100
110
1120
1130
1140

150
1160
170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350

1360
1370

°c
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0205@ M(L

~ detector makes it possible to characterize "spectral resg F—— ¢,

which is close to the ideal response. Temperature :
dependence is quite small, max. 1%, in actual measur '8
Small and lightweight s
The sensors are suitable for the use in limited space and at
multi point measurement. ‘G
High durability
The sensors are designed to use continuously in all weather™
condition.

When creatures or plants receive natural and artificial light as illuminance or light energy, reactions are very
big difference spectrally depends on the types. Human eye reacts to illuminance and plants react to number of
photon. According to this fact, natural and artificial light should be selected very carefully for measurement of
fundamental study of applied research. Based on these backgrounds, we have developed three sensors for
such individual measuring purpose by taking our advantage of long experience for energy measuring.

PRINCIPLE OF

P -, vith option leveling plate
FSPECTRAL CHARACTERISTICS w
MEASUREMENT
Collector | sl
4 100 ———— — w0 ————
___ Diffuser 71 - g
H NN 2
2 50 £ 50 &
] Filters 2 ] ®
E 2 3
H H I\ Ol :
Detector o = o
——— 400 700 400 700 400 700 1000
| Load resistance Wavetength 6] Wavelength (nm] Wavelength fam]
Luxmeter Photon sensor Pyranometer
ML-0205-1, Mt-0205-0 ML-020P ML-020VM

Output
Specifications
Special designed collector | and v

Luxmeter
diffuser are mounted on the upper 1 ML-0205-0 TML-0208-1
part of the detector. This optical | Highiiligminance Howillsminanee. ..

component realizes excellent CIE Photapic Carve

character for cosine response and

~150.000 130,000

Ix

sensitivity. The transmitt ight flux

reached to the filters ose spectral

response coincides for individual

measuring  purpose illuminance,

photon nur and irradiance, as

shown in the following figure, th:

photodiode detects the flux tt

the filters and converts accurately to

Weight: 65  mm
electric signal proportional to the flux

- - | EKO INSTRUMENTS co., LTD.
(e (e RN
== -k

1-21-8 Hatagaya, Shibuya-ku, Tokyo 151-0072 Japan
PHONE: +81-3-3469-6713 fax: +81-3-3469-6719
hitp://www.eko.co.jp E-mail: info@eko.co.jp

o o @ a J
.5 Glsll'é]ﬂgla‘ﬂ']LW']%Qllﬂm'Jﬂi\‘]%uﬁ\iﬂ"mﬁﬂ Pyranometer Eko ML-020

o
=2
=).
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UNLESS OTHERWISE
DIMENSIONS ARE IN
SURFACE
TOLERANC

NAM
DRAW
CHK'
APPV
MFE

FINIS

SIGNATL

DAT

2

MATERIA

WEIGH

DEBUR
BREAK
EDGE

DO NOT SCALE REVISI

TITL

PHOTOVOLTAIC THERMAL

DWG

SCALE:1: SHEET 1
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UNLESS OTHERWISE SPECIFIED: FINISH:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES:
LINEAR;
AMGLI AR

HAME SIGMATURE DATE
DRAWN
CHKD
APPVD
MFG

QA MAATERIAL

WEIGHT:

©

NO. Part number Material
1 Glazing frame Aluminum alloy frame
2 Fluid tube Copper
3 Nut Copper
4 1st cover Glass,standard
5 Absorber plate Aluminum alloy
6 Cover Fiber elass
7 Insulation polyamide
8 Solar cell Armorphous crystalline
9 Cover Aluminum

@
(2
©

DO NOT SCALE DRAWING

REVISION

PHOTOVOLTAIC THERMAL SYSTEM

SHEET 1 OF 1




140

55

960
910

65

soj
915

934
967

910

934

960

W \ )
© G ?
v
200 25 @
[ ]
UNLESS OTHERWISE SPECIFIED: FINISH: 1 DEBUR AND
DIMENSIONS ARE ALLIMETERS BREAK SHARP
SURFACE FINISH: EDGES
TOLERANCES:
LINEAR:
NAME SIGNATURE DATE
DRAWN
CHK'D
APPVD
MFG
QA MATERIAL
WEIGHT:

119

TITLE

DWG NO

SCALE:1:20

Ni

DO NOT SCALE DRAWING REVISION

PHOTOVOLTAIC THERMAL SYSTEM

Ad

SHEET 1 OF 1



3000

300

UNLESS OTHEF
DIMEN
SURFACE FINISH:
TOLERANCES,
LINEAR,
ANGLILAR

DAKWN
CHKD
APEYD
MFG

Qn

NAME

250

ECIFIED:
RE IN MILLIMETERS

2150

250

4302

250

Bl

SIGNATURE

MATERIAL

WEIGHT

DEBUR AND
BREAX SHARP
EDGES

DWG NO.

SCALE:L:S0

120

250
=)
E ]
STRUCTURE

SHEET 1 OF 1
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ﬂ1§1\1ﬁ 1.1 N3 wuﬁﬂNaﬂﬁ%ﬂﬁ@ﬂttﬁdﬂl%ﬁﬁstﬁi@ﬁ%ET Wﬁﬁ’lﬂ’lillﬂa 550 (I/hr)

N QN QUHRI Ul gl gl gl aungi  auwgil .
Nty R \ 2y A Ty T PRI , 2 FIN QY
., Teiud vemdeu  veriud CIELIT LIGEEhTY ves i Qi Wi s

e e Sec.l Sec.l Sec.2 Sec.2 Fou i Fou n3zon o
(mV) (°0)

°C) (°0) 0 0 ©0) (°0) ©0) ©0)

9:30 3.812 41.90 47.90 41.70 47.30 47.30 41.70 46.60 47.10 30.20
9:31 3.972 42.00 47.90 41.70 47.50 47.50 41.70 47.90 46.70 30.20
9:32 3.870 42.20 48.10 41.80 48.60 48.60 41.70 47.90 45.40 30.20
9:33 3.995 42.30 48.40 42.10 48.90 48.90 41.80 48.90 46.50 30.30
9:34 3.743 42.40 48.40 42.40 49.00 49.00 42.10 49.00 47.50 30.30
9:35 3.964 42.70 49.70 42.50 49.20 49.20 42.30 49.20 47.40 30.50
9:36 4.070 42.90 49.80 42.80 49.40 49.40 42.40 49.40 48.90 30.50
9:37 4.148 43.00 49.90 43.00 49.70 49.70 42.70 49.70 48.80 30.50
9:38 4.109 43.40 49.20 43.20 49.80 49.80 42.90 49.80 48.10 30.70
9:39 4.145 43.50 50.30 43.40 50.00 50.00 43.40 49.20 49.20 30.50
9:40 4.135 43.80 50.40 43.80 50.30 50.30 43.50 50.30 49.40 30.90
9:41 4.139 44.00 50.60 43.90 50.30 50.30 43.20 50.40 48.90 30.80
9:42 4.058 44.30 50.20 44.20 50.60 50.60 43.40 50.60 48.70 30.80
9:43 4.146 44.50 50.20 4430 50.60 50.60 43.80 50.60 49.70 30.70
9:44 4.190 44.60 50.40 44.50 50.90 50.90 44.30 50.90 50.20 30.80
9:45 4.140 44.90 51.70 44.80 51.20 51.20 44.50 51.20 50.80 30.80
9:46 4.231 45.20 51.90 45.10 51.50 51.50 44.60 51.50 50.70 30.60
9:47 4.257 45.20 51.50 45.10 51.60 51.60 44.90 51.90 50.10 30.40
9:48 4310 45.40 52.30 45.20 52.00 52.00 45.10 51.50 50.40 31.00
9:49 4.301 45.60 52.30 45.40 52.00 52.00 45.10 52.30 50.80 31.10
9:50 4.354 45.80 52.60 45.60 52.10 52.10 45.20 52.30 50.70 31.30
9:51 4.482 46.00 52.90 45.80 52.30 52.30 45.40 52.60 50.10 31.60
9:52 4.484 46.10 52.10 46.00 52.40 52.40 45.80 52.90 50.50 31.60
9:53 4.379 46.30 52.30 46.30 52.60 52.60 46.00 52.60 50.50 32.10
9:54 4.380 46.60 52.40 46.40 52.80 52.80 46.10 52.80 50.10 32.20
9:55 4.418 46.80 52.50 46.60 52.90 52.90 46.60 52.90 50.50 32.10
9:56 4.412 46.90 52.80 46.90 53.20 53.20 46.90 53.20 50.30 31.40
9:57 4.438 47.10 53.00 47.10 53.40 53.40 46.90 53.40 50.30 31.10
9:58 4.418 47.40 53.30 47.40 53.70 53.70 47.10 53.50 50.50 31.90
9:59 4.444 47.50 53.50 47.50 53.80 53.80 47.40 53.60 50.80 31.50
10:00 4.515 47.70 53.60 47.70 53.80 53.80 47.50 53.80 50.60 31.60
10:01 4.499 47.90 53.80 47.90 54.00 54.00 47.70 54.90 51.40 31.80
10:02 4.638 48.00 54.90 48.00 54.10 54.10 47.90 54.20 51.20 32.10
10:03 4.486 48.30 54.20 48.30 54.50 54.50 48.00 54.50 50.10 32.20
10:04 4.490 48.40 54.40 48.40 54.70 54.70 48.40 54.70 50.70 31.50
10:05 4.485 48.60 55.70 48.60 55.10 55.10 48.60 55.10 50.80 31.40
10:06 4.503 48.80 55.90 48.80 55.40 55.40 48.80 55.40 51.80 31.90
10:07 4.402 49.00 55.20 49.10 55.70 55.70 49.20 55.70 52.80 32.10
10:08 4.551 49.20 55.50 49.20 56.00 56.00 49.30 56.00 52.70 3230
10:09 4.718 49.40 55.60 49.30 56.10 56.10 49.50 56.80 51.40 31.90
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10:10 4.738 49.50 56.80 49.50 56.30 56.30 48.80 56.00 52.40 31.30
10:11 4.649 49.80 56.00 49.70 56.50 56.50 49.50 56.20 53.80 31.60
10:12 4.646 50.00 56.20 50.00 56.80 56.80 49.80 56.40 54.00 31.60
10:13 4.822 50.10 56.40 50.20 57.10 57.10 50.40 57.60 55.00 31.70
10:14 4.843 50.30 57.60 50.40 57.20 57.20 50.30 57.70 54.90 32.10
10:15 4.748 50.40 57.70 50.30 57.50 57.50 50.40 57.60 54.90 32.00
10:18 4.979 50.70 58.50 49.20 58.10 58.10 49.10 58.20 53.40 31.60
10:19 4.788 50.40 58.70 49.10 58.20 58.20 50.40 58.30 52.80 31.30
10:20 4917 50.30 58.80 49.10 58.30 58.30 49.40 58.60 53.20 31.90
10:21 4.943 50.20 58.00 49.10 58.60 58.60 49.50 58.40 54.10 32.40
10:22 4.745 50.10 58.20 49.00 58.70 58.70 49.70 59.40 54.30 32.40
10:23 5.002 50.20 58.40 49.20 59.10 59.10 50.60 59.40 55.80 31.90
10:24 5.029 50.20 59.40 49.40 59.20 59.20 50.90 59.50 55.70 31.90
10:25 5.001 50.40 59.40 49.50 59.30 59.30 50.10 59.70 55.00 32.00
10:26 5.086 50.60 59.50 49.70 59.50 59.50 50.20 58.70 55.10 32.00
10:27 5.040 50.90 59.70 50.00 59.70 59.70 50.40 59.10 55.80 31.40
10:28 5.100 50.10 59.80 50.10 59.80 59.80 50.60 59.20 56.90 31.70
10:29 5.117 50.20 60.70 50.20 59.80 59.80 50.90 59.30 56.10 31.90
10:30 4.967 50.40 60.80 50.40 60.00 60.00 50.90 60.30 56.20 31.90
10:31 5.012 50.50 60.80 50.50 60.10 60.10 51.20 60.30 56.90 31.80
10:32 5.051 50.60 60.00 50.60 60.30 60.30 51.40 60.60 56.70 31.90
10:33 5.103 50.90 60.10 50.90 60.30 60.30 51.50 60.80 57.10 31.80
10:34 5.142 51.00 60.30 50.90 60.60 60.60 51.60 61.00 57.10 32.10
10:35 5.145 51.20 60.30 51.20 60.80 60.80 51.20 60.30 57.20 32.20
10:36 5.183 51.40 60.30 51.40 61.00 61.00 51.40 60.30 57.90 32.10
10:37 5.156 51.50 60.60 51.50 60.30 60.30 50.20 60.60 57.90 32.00
10:38 5.204 51.60 60.10 51.50 60.30 60.30 50.50 60.10 57.10 32.10
10:39 5223 51.90 60.00 51.00 60.60 60.60 50.50 60.60 57.70 31.90
10:40 5.220 51.00 61.10 51.00 62.00 62.00 50.50 60.80 57.10 32.10
10:41 5252 50.20 62.30 50.20 62.30 62.30 50.50 60.00 57.30 32.40
10:42 5.245 50.50 62.50 50.50 62.50 62.50 50.50 60.10 58.10 32.10
10:43 5.233 50.50 62.70 50.50 62.70 62.70 50.60 60.30 58.40 3230
10:44 5.299 50.60 62.90 50.60 62.80 62.80 50.50 60.30 58.60 32.00
10:45 5.301 50.80 63.00 50.80 62.90 62.90 50.60 62.70 58.60 31.90
10:46 5.305 50.10 63.20 50.00 63.10 63.10 50.80 62.80 58.60 31.90
10:47 5.338 50.20 63.40 51.90 63.20 63.20 50.20 62.90 58.50 3230
10:48 5.340 50.40 63.40 51.00 63.30 63.30 50.40 63.10 58.40 32.10
10:49 5.364 50.50 63.50 50.20 63.30 63.30 50.50 63.20 56.40 32.40
10:50 5.367 49.80 63.80 50.50 63.40 63.40 50.50 63.40 56.70 32.40
10:51 5.379 49.80 63.00 50.50 63.40 63.40 50.60 63.50 56.30 32.40
10:52 5.402 49.10 64.30 50.60 64.00 64.00 50.60 63.80 56.80 32.40
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10:53 5.430 50.30 64.60 51.10 64.10 64.10 50.80 63.00 57.80 31.80
10:54 5.486 50.60 64.90 51.90 64.60 64.60 50.10 64.10 59.50 32.50
10:55 5.427 50.80 64.10 50.70 64.80 64.80 50.50 64.60 59.90 31.90
10:56 5.415 50.10 64.30 50.10 65.10 65.10 51.60 64.80 59.00 32.30
10:57 5.476 50.40 65.50 50.50 65.20 65.20 51.00 65.50 59.00 32.20
10:58 5.478 50.70 65.70 51.60 65.50 65.50 50.50 65.70 59.40 32.30
10:59 5.452 50.90 65.80 51.00 65.90 65.90 50.50 65.80 59.50 32.10
11:00 5.490 50.00 65.00 51.30 65.90 65.90 50.60 65.00 59.90 32.10
11:01 5518 51.10 65.10 50.20 66.10 66.10 50.10 65.10 59.90 32.30
11:02 5.526 51.90 66.40 50.50 66.30 66.30 50.40 66.40 60.80 32.30
11:03 5.575 50.70 66.60 50.50 66.40 66.40 50.10 66.40 61.10 32.40
11:05 5.614 50.40 66.70 50.90 66.50 66.50 50.30 66.50 60.80 32.70
11:06 5.632 50.50 66.90 50.10 66.50 66.50 50.60 66.50 60.70 32.60
11:07 5.589 51.60 66.00 50.20 66.60 66.60 50.80 66.60 60.60 32.40
11:08 5.558 51.00 66.20 50.40 66.90 66.90 50.10 66.90 61.00 32.00
11:09 5.609 51.30 66.20 50.60 66.90 66.90 51.20 66.00 61.00 32.40
11:10 5.563 51.70 67.50 50.30 67.10 67.10 51.00 66.20 61.20 32.10
11:11 5.628 51.20 67.50 50.60 67.20 67.20 50.50 66.20 61.30 31.90
11:12 5.645 51.00 67.50 50.80 67.20 67.20 50.30 67.50 61.70 32.30
11:13 5.667 50.50 67.50 50.10 67.10 67.10 50.10 67.50 61.80 32.30
11:14 5.664 50.30 67.50 50.20 67.50 67.50 50.20 67.50 62.10 32.40
11:15 5.691 50.20 67.60 50.40 67.80 67.80 50.90 66.90 62.80 32.80
11:16 5.690 50.90 68.50 50.60 68.00 68.00 50.80 66.90 63.10 32.90
11:17 5.720 50.80 68.50 49.50 68.20 68.20 50.70 67.10 62.90 32.90
11:18 5.784 50.60 68.40 50.70 68.30 68.30 50.10 68.50 62.00 32.90
11:19 5.819 50.60 68.30 50.10 68.30 68.30 50.60 68.50 63.20 32.50
11:20 5.807 50.60 68.40 50.40 68.40 68.40 50.80 68.40 64.30 32.80
11:21 5.751 50.80 68.60 50.10 68.40 68.40 50.10 68.30 64.70 32.80
11:22 5.805 50.10 68.50 50.40 68.70 68.70 50.70 68.40 64.70 32.80
11:23 5.826 50.50 68.40 50.70 68.60 68.60 50.90 68.50 64.70 32.80
11:24 5.574 50.90 68.70 50.90 68.70 68.70 50.60 68.40 64.40 32.60
11:25 5.849 50.60 68.40 50.60 68.60 68.60 50.00 68.70 65.40 32.90
11:26 5.809 50.80 68.50 50.80 68.60 68.60 50.60 68.60 65.30 33.10
11:27 5.788 50.50 68.60 50.10 68.70 68.70 50.80 68.60 65.50 33.00
11:28 5.675 50.40 68.60 50.20 68.80 68.80 50.10 68.70 66.50 33.00
11:29 5.837 50.20 68.60 50.40 68.70 68.70 50.20 68.80 65.80 33.20
11:30 5.995 50.60 68.70 50.30 68.70 68.70 50.40 68.70 65.30 33.10
11:31 5.936 50.00 68.00 50.60 68.50 68.50 49.40 68.00 65.60 33.20
11:32 5.924 50.60 68.00 50.80 68.60 68.60 50.20 68.70 65.80 32.80
11:33 5.867 49.50 68.30 50.10 68.40 68.40 50.60 68.50 65.00 32.90
11:34 5.892 49.30 68.70 50.40 68.50 68.50 50.10 68.60 65.10 32.60
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11:35 5.883 49.10 69.30 49.40 68.60 68.60 50.40 69.30 65.10 32.40
11:36 5.932 49.10 69.70 49.00 68.70 68.70 49.40 69.70 66.60 32.40
11:37 5917 49.20 69.10 49.40 69.00 69.00 49.10 69.10 65.00 32.90
11:38 5.956 49.60 69.30 49.40 69.40 69.40 49.10 69.30 65.70 32.90
11:39 5.977 49.60 69.70 50.30 69.80 69.80 50.90 69.40 65.90 32.90
11:40 5.985 49.80 70.90 50.20 70.00 70.00 50.80 69.80 65.00 32.40
11:41 5.958 49.00 70.90 50.90 70.40 70.40 50.60 70.00 65.70 32.90
11:42 5.928 50.50 70.90 50.80 70.70 70.70 51.40 70.40 65.50 32.80
11:43 5.928 50.10 71.90 50.60 71.10 71.10 50.10 70.70 65.20 32.70
11:44 6.057 50.80 71.90 51.40 71.30 71.30 50.80 71.70 65.50 33.10
11:45 6.061 50.30 71.70 51.10 71.40 71.40 50.30 71.70 64.70 32.90
11:46 6.067 50.10 71.70 51.10 71.40 71.40 51.10 71.70 64.20 32.90
11:47 6.138 50.00 71.70 51.10 71.50 71.50 50.80 71.60 64.90 32.60
11:48 6.153 50.10 71.60 50.80 71.50 71.50 50.30 71.50 64.70 33.10
11:49 5.941 50.50 71.50 50.50 71.50 71.50 50.10 71.40 65.80 33.50
11:50 5.588 50.10 71.40 50.40 71.50 71.50 50.00 71.50 65.40 33.20
11:52 6.130 50.50 71.30 50.40 71.50 71.50 50.40 71.10 66.10 33.10
11:53 6.129 50.10 71.10 50.50 71.20 71.20 50.50 72.00 66.60 32.80
11:54 5.855 50.80 72.10 51.60 71.10 71.10 50.50 72.10 66.60 32.50
11:55 6.000 49.40 72.00 51.00 71.90 71.90 50.10 72.10 66.40 32.40
11:56 5.805 49.00 72.00 51.30 71.90 71.90 50.50 72.30 65.10 33.20
11:57 5.910 49.40 72.10 49.60 71.80 71.80 51.60 72.60 65.20 32.70
11:58 5.954 49.40 72.10 49.30 71.40 71.40 50.50 71.80 65.80 32.60
11:59 5.785 49.20 72.30 49.40 71.50 71.50 51.60 71.40 64.80 33.10
12:00 5.952 50.60 72.60 49.70 71.70 71.70 49.00 71.50 65.40 33.30
12:01 5.958 50.70 71.90 51.50 71.60 71.60 49.60 71.70 65.90 33.40
12:02 6.057 50.70 72.30 51.80 71.80 71.80 49.30 71.60 65.80 33.60
12:03 5.470 50.80 71.80 51.00 71.10 71.10 49.40 71.80 67.50 33.50
12:04 6.056 50.90 72.10 51.80 71.20 71.20 49.70 71.10 65.00 33.40
12:05 6.049 50.90 72.20 51.80 71.20 71.20 51.80 72.10 65.10 33.40
12:06 6.054 51.30 72.60 51.00 71.60 71.60 51.00 72.20 65.40 33.60
12:07 6.111 51.40 72.70 50.90 71.90 71.90 51.80 72.60 65.80 33.70
12:08 6.075 51.80 72.00 50.10 72.20 72.20 51.80 72.70 66.70 32.90
12:09 6.065 51.30 72.10 50.60 72.50 72.50 51.60 72.00 67.20 32.90
12:10 5.988 51.70 72.10 50.40 72.70 72.70 51.10 72.10 66.40 33.30
12:11 5.994 51.10 72.30 50.80 72.80 72.80 50.70 72.70 66.70 33.30
12:12 6.091 51.60 73.30 50.80 73.20 73.20 50.30 72.80 67.40 33.40
12:13 6.085 51.10 73.50 50.30 73.40 73.40 49.30 73.20 67.10 33.00
12:14 6.058 50.70 73.30 49.30 73.50 73.50 49.10 73.40 67.10 33.70
12:15 6.070 50.50 73.30 49.10 73.50 73.50 49.80 73.50 67.20 33.50
12:16 6.103 50.20 73.50 49.80 73.30 73.30 49.70 73.50 67.30 33.10
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12:17 6.105 50.10 73.60 49.70 73.30 73.30 49.70 73.30 67.60 33.20
12:18 6.054 50.90 73.80 49.70 73.50 73.50 49.50 73.60 67.40 33.50
12:19 5.973 50.00 73.80 49.10 73.50 73.50 50.20 73.80 67.00 33.90
12:20 5.678 50.20 73.60 49.50 73.60 73.60 51.20 73.80 67.40 34.00
12:21 6.106 49.60 73.80 50.20 73.50 73.50 51.50 73.60 67.20 33.90
12:22 6.042 49.30 73.80 51.20 73.40 73.40 49.40 73.80 67.20 33.20
12:23 6.049 49.40 73.70 51.50 73.40 73.40 49.70 73.80 67.00 33.40
12:24 6.050 49.70 73.70 51.40 73.20 73.20 51.50 73.70 67.60 33.40
12:25 6.116 51.50 73.40 51.30 73.00 73.00 51.50 73.70 67.40 33.00
12:26 6.112 51.50 73.40 51.10 73.60 73.60 51.50 73.20 66.80 33.20
12:27 5.966 51.50 73.20 51.80 73.80 73.80 51.30 73.00 65.90 33.10
12:28 5.987 51.30 74.10 51.30 73.80 73.80 50.10 73.60 66.10 33.40
12:29 5.629 51.70 74.20 51.60 73.60 73.60 50.60 73.80 65.60 33.20
12:30 5.966 51.10 73.40 50.50 73.40 73.40 50.80 73.80 65.00 33.20
12:31 6.071 51.00 73.40 50.40 73.80 73.80 50.30 73.60 66.30 33.60
12:32 6.027 51.90 74.00 50.10 73.70 73.70 50.60 73.40 65.10 33.20
12:33 5.948 51.50 74.10 50.50 73.70 73.70 50.40 74.00 66.80 33.00
12:34 6.007 51.00 74.00 50.10 73.40 73.40 51.10 74.10 65.90 33.40
12:35 5.980 51.60 73.10 50.60 73.40 73.40 51.00 74.00 65.60 33.60
12:36 6.100 51.00 73.50 50.80 74.00 74.00 51.90 73.10 65.20 33.60
12:37 6.105 51.50 74.10 50.30 74.10 74.10 51.50 73.50 66.90 34.00
12:39 6.125 51.80 75.90 50.40 74.60 74.60 51.60 74.50 69.00 33.90
12:40 6.168 51.00 76.70 51.20 75.20 75.20 51.80 75.90 68.60 33.70
12:41 6.132 51.80 75.20 51.30 75.50 75.50 50.80 76.70 68.60 33.40
12:42 6.154 51.80 75.50 51.50 75.60 75.60 50.80 75.20 68.70 33.30
12:43 6.110 51.00 75.60 51.10 75.90 75.90 50.10 75.50 66.90 33.20
12:44 6.127 50.60 75.60 51.80 76.70 76.70 50.30 75.60 67.30 33.10
12:45 6.130 50.40 76.90 50.80 76.80 76.80 50.60 75.90 66.60 33.40
12:46 6.137 50.30 76.80 50.80 76.90 76.90 51.90 76.70 67.00 34.10
12:47 6.092 50.40 77.20 50.10 77.00 77.00 51.60 76.80 68.30 33.60
12:48 6.148 50.40 77.30 50.30 77.10 77.10 50.00 77.20 68.30 33.40
12:49 6.152 50.70 77.10 50.60 76.90 76.90 50.70 77.30 68.20 33.60
12:50 6.230 50.90 76.70 51.90 76.90 76.90 50.20 77.10 67.60 33.50
12:51 6.187 50.20 76.30 51.40 76.80 76.80 51.90 76.70 67.70 33.90
12:52 6.160 51.60 76.60 50.80 76.70 76.70 51.70 76.70 67.30 33.30
12:53 6.158 51.10 76.10 50.30 76.40 76.40 51.40 76.30 67.10 33.20
12:54 6.134 51.60 75.50 50.00 75.80 75.80 51.10 76.60 66.90 33.20
12:55 6.089 50.00 75.90 50.50 75.30 75.30 51.80 76.10 66.60 33.20
12:56 6.113 50.70 75.50 50.20 75.90 75.90 50.00 75.80 67.40 33.20
12:57 6.150 50.20 75.10 50.80 75.40 75.40 50.50 75.30 66.90 33.60
12:58 6.126 51.90 75.70 50.50 74.90 74.90 51.30 75.90 65.90 33.40
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12:59 6.092 51.70 74.70 50.10 74.30 74.30 51.10 75.40 68.20 33.60
13:00 6.148 51.40 74.70 50.00 74.40 74.40 51.90 74.90 68.70 33.10
13:01 6.133 51.10 74.70 50.50 74.10 74.10 51.60 74.30 67.00 32.60
13:02 6.249 51.80 74.40 51.30 74.30 74.30 51.80 74.40 67.90 32.80
13:03 6.229 51.50 74.40 51.10 74.40 74.40 51.50 74.70 67.80 33.10
13:04 6.240 51.30 73.40 51.90 73.40 73.40 51.30 74.70 67.20 33.50
13:05 6.165 51.10 73.30 51.60 73.30 73.30 51.10 74.70 67.00 33.60
13:06 6.061 51.90 73.30 51.60 73.10 73.10 51.90 74.40 67.50 33.60
13:07 6.106 51.80 73.30 51.50 73.20 73.20 50.30 73.40 67.40 33.70
13:08 6.136 51.70 73.10 51.70 73.10 73.10 50.00 73.30 67.80 33.70
13:09 6.169 51.90 73.20 51.90 73.30 73.30 50.80 73.10 66.90 33.30
13:10 6.143 51.20 72.10 51.50 73.30 73.30 50.90 73.20 67.80 33.70
13:11 6.159 51.70 72.10 50.30 73.30 73.30 50.50 73.30 67.40 33.80
13:12 6.132 50.40 72.90 50.00 73.00 73.00 50.20 73.10 66.00 33.70
13:13 6.042 50.30 72.70 50.70 72.80 72.80 50.40 73.20 66.10 33.60
13:14 6.143 50.70 72.30 50.80 72.90 72.90 50.30 72.10 66.10 33.70
13:15 6.159 50.90 72.80 50.90 72.90 72.90 50.70 72.10 66.10 33.40
13:16 6.132 50.10 72.90 50.50 72.80 72.80 50.90 72.90 66.00 33.40
13:17 6.042 50.60 72.60 50.20 72.90 72.90 50.10 73.30 65.60 33.70
13:18 6.044 50.40 73.40 50.40 72.70 72.70 50.60 73.30 65.50 33.40
13:19 6.053 50.80 73.50 50.40 72.70 72.70 51.60 73.00 65.30 33.20
13:20 6.094 50.80 72.70 50.10 72.90 72.90 51.20 72.80 65.40 32.80
13:21 6.048 50.30 73.10 50.30 73.50 73.50 51.70 72.60 65.10 33.00
13:22 5.966 51.80 72.70 51.50 73.40 73.40 51.50 73.40 65.80 33.50
13:23 5.945 51.00 73.30 51.00 73.30 73.30 51.50 73.50 66.90 33.2