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tMatlab Program for Calculation of solar anglas: -
Hour angle, solar declination, Altitude, Azimuth
% Made by Prof. Dr. Ali Hamzeh 29.12.200%

g =
n=172
. =

H -45

delta = 23.45%sin(g¥{(360/365)%{n-81}}}

beta = {lfg}*asin{cns{g*L}*cos{g*delta}*cos{g*H]+
sin{g*L)*sin(g*delta))

phis =
[1Kg]*asin{cos{g*d&lta}*sin{g*H}fcns{g*beta}j

It

if cos(g*H)>= tan(g*delta)/tan (g*L) ,phi =
phis,else phi = 180~ (phis),end

oo oy S0 e e b3 daY Srpa My £ LY W) Jba oSy
10~ 2 ;_iﬂml'l qz. e » L& sun path dlagram L}u-uljl JLM.L.LMU;@

1.|.| TT ;I_i :_:_ i.i. T H..{_f.-_-.l |_|'_'. '-:-i__- :L;r: u_' {rH 111:

i T R R T W S RS IR e (PN S IERs NCHT R v I

B 6

LN L, RN G U e A e
1?.-:- 1:15 BOTE 00 45 - aa B0 =16 -0 4G 0075 =80. =G -120
R O R R soLamazmumy RS

40° L}dﬁh&das’uuuﬁlwhhm 102 Jodk
106



Sl Y ity ouadd (385 clpally g (B 110-2 JUAY e (ahs
058 JEOV! g b A e kel gy kel Al (e DL
S fua M o s ol B iy Gl Ge WD aalls Badl
90° 3o st U] wogau [ g0 J oS S AN g iy A

32 Lo (bl A gt b gaadlh e tilalaiie 1272 112 (SN o
.36

fald y Aawedd il QHE Qdsd 8 L eedd leal Cilaleia sl
LA bas D, b ek Leba 15 a5 65

B EA ARKEF IR LK K LR
N L RIS SN RS EOE IS

167



III[IEIIfI’IiIIr]IT'IIII LN I I O A ]
- I ) .-.
[ =]
i —_
» l!.;d:!
9{_{\. r_:*" .........
1[%!9@ r'\,dxx:——r-“ " LIDJ
ke kS |
W*A/\){? o0 i -E
5 i
I P 3
i oy ke [ T
3
. &

Ve

Lo i psnim, 0
4 " N - ) [ e T = 0 I A N -
[+ [} =] r [} i L&) [1r] L= [ (=) n [ M 3
o - y 'ii UF ta o =
. T

_ SOLAR AZIHUTH _
36N il Bk Gandll Jloue Jabaks 112-2 i

e e cishie plakiuly LI st 6-2

Sun path diagrams for shading analysis
i a8 g e Vi e O ga g g a0 Je e ol ¢
S e Gl o el e e e sl @ sy J el
et lBail e Al a3 Sale s cswn e Ak Y 3308 of iy deadd
el b e of Jlatal e o
Lilly bl A laad) Ciga Wy p LN Uy) e camy AN 5 ghal
LS Pl Gy ) ey s Sle aAtd A Al
Aol 13-2 (K8 3 g

f# = arctan (hz;hi) = greotan (ﬂdﬂ) (2.14)

R LS JALAD p Alin asidy 3 sl g Lo 91 Byl 5 sy Lind ey
' 14-2

HI8



Solar syslem

Ohstnﬁté ftree)

A aga b (5 ) Lo gted cupm Wy PN (g3 i 1132 Jid
{1] et

s b g o (Y oL pa Ahia g A g B g W Bty B

et et oot tang M L Rdal Jadll udy paalial Jeid B

A e sh LS (cnsind ) el ey Bl (b dals, Clalaia dlaiddy
15-2 i

Obstruction l&* ... Prowacter

G r
S .
f €Piumh oD , ng \

Altitude angio

i

J A g RSB phaStoly b i U K9 el 1142 JSA

109



Magnetic

True _
south south
A
17
-
Magnetic
dechination

RI1TE oomsied n (5oR0 Lgud A0tat § ol oo gy 51 Ry gl 3 Ll 1152 Jed
QAL ol el o Lo Jasnud 148 o YB. 16-2 JCEN oy
iy b gl B il (Bel ey Luwed Wakds g gy el
M W) colum s Ll Gl e bl el 4 ea
e Babida o oxling S0 S gal Aol § ) paen a5 (59 gl RESE gy W1
e he T o Sy il 138 e 16— JEAN b e sh LaS o puaddl

I P LI

116



e

AN P

: Lx L

1 EU

adgall G oo Jubad 116~2 JS&
ot Ly o0 sl g Jalad pe (MU (430 (puadill iy pd sl o a2
8130 o — asth b Goh i ol 0 1E Y B 0 e el et
300 PM Gelud ey ueddl gl el caass LS — AM to 9:30 AM
W/m? dobu S plsad b ot pladY) 525 Joa gl 5 Jla b
g Gt ol VL LMD Sl dpeedd 28N e gkl
272 Spnd i sl

dguads Jil g (kWh/m2.day s W/m?) puadd gledi! ipal 12-2 Jasa
dia Uhgy oY cilia p gy b AN 008 gl A 40N Ao bl pdga B
12] Chosmay ggaa ouadd Al alid Ja¥ g Aiglh

111



Cher Sky Bewiy Plus Billuse {nsolation s 40° Liaiine in Jurnary

for South-Facing Collectors with Fixed Tilt Angle and G Trucking Moands Hyoarly
Winy ol daly & Whin? -ty ¥®

Solar Trucking File Angles Lalitcke 40°
L S ft WM 40 50 68 sl
Jauaey 21 (Wit

T % LK ] i 1] 0 1] 3] i L]
304 R X 462 57 16y 204 233 254 BT Mk
b3 T4+ Th4 e $34 439 50 575 591 544
i, 2 57 N3 KL ol GRY 749 78R B0l TR
1. oS AT 1485 T RN B 914 w7 L1s]
3 qiy Qha S5 Tl 45 w19 954 Yot iz
kWhandaly 6,41 1T 197 46t 524 ATl B2 .05 a4T

rcdeadh 138 1Y 3 S daand o L s a3l Yok
et B8 e kWh/mZday Al daetd Wl sl :4-2 Jhe
8 GsitS gl ol e Gl a g 8 Ao 0 30 S dagi e glad gad 4a g

16-2 JSdl L B e g guad bois dalida diiay ad gt of Lale
-2~2 dysadt Opn LS 5.24 kWh/m2day B Jdtew i ge o8 i dadl
049 diss gl 9 AM Mo fuad dole T B Guaddl s hhiv fu
LY oy L cdgall 0 Guedd cunad Ly i 3:30 PM 4elud sy KWh
1ol o B 38 pa ATl 5 ALY dpwedd) A3 .5 A0 0.20 KWh om

Insolation = 3.24 — 0,44 — 0.20 — .55 kWh/m® = 4,6 kWh/m? per day

(claa o glll) daall ub il y pocadll cufigiti 7-2
Solar time and clock time
(vl 2 }:H)gmﬂw_ﬁ!gadmﬁlﬁmfua.;ﬁleﬂuhaﬂc_m;
055 beie aaay (oMN) | cadl edil Y il o b a8 2 dua ST
12



g il Y plind il e (8 (S0 o(anat ol Jgelt Jad (e ueld
o e il g Civil time (CT) oad Clid Joadl lad
oty b 280 oy il G AN S clocks el
ol M longitude adjustment Jybll Jaghd daa dyn J AL
time Zones e ohba 0 Al o068 sy
ca N alle fadly Sty SN 1 -
ol b A ) dikaia ) Rl Ry Al 24 Y Ll il Al o
St aaie (IS 8 (a0 IS ES 4) skl Jaghd oa 157 il (3asd
inatis A4 Local Thme Meridian (LTM) Asa o) Jab bei 3dnad o
1 jsd/Greenwich i b (g2l Alaill baa 8 pa Zam Ayl bl
oty e dibie ga S80Il nd s B 5l 387 6 LTM 07 gl 2ty
Jgaal e LS Aia ) bie 6 ted o A4 padl amiall Y M Jis LTMs
o ey anath Gy add il G Jbl bd st o 2372
Jgb Ly LTM sl b o {Lals Yy al0a) ot eadll anlGas (g2 e 38
il sl 3 el bl @S JLTM ddd (3 (omad ek 1S 1Y Ll
G (b puadl el O sSpee Hiad LTM oo 8 Y 3a 0 I8 B 4
ETM = 122° Lalb ouedd s e (5182 B 20 (1207 Jpls Jas) oS 8
(372 Jsaa i) Al Lo 3H dilasall

18 5t Saszall ey ot LTMs :3-2 Jysa

Lowml Tiwe Aeekdings for 14, 7 :
Shoncurd Tiine Fones (Rvgnoes Wt ol Greenwichy

Tinwe Fobe " LT Meridian

e i TN e
Cewtead - - - . . .. B EvR N

Mouuluis & | y R |-
Paciic _—.
Esstecn Alurka - CeehaE s
Alaka sod Hawadk e 150 . .

113



el Ush i i Lo daldal oz M1 ae o ste A ] adty
b Ll A (il pmsadt (el 0w oM 0 solar day (el
By (puadll o glly Aelu 24 (63 apdl G B AN ity cla e NI PN

:Equation of time (E) (a3 Dol et dolas

E=98sin28 — 7.53cos B — 1.Ssind  (minutes) (2.15)
300 . p (2.16)
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Calculation of average monthly solar energy on a tilted surface

Aol llaa) ceaadl g ladi) AL s ale 5 gl el F Yl Sladaas

Loaalsy Ty b e sy Ao g daiS Ll jed e Lgs J8 8 b e

JWh/m® day

T be dal o a8 00 G b gl alady 3ol oS 5 PV la g of L

Chilaal e tegle LY et pladl) s ans @Y ) Al
Glooh lamys Jtalt adaudl 19-2 JS0 ppn o8 gisa Ja% 5 _d sl
Beam pild cweldh pledif s mlaall o osigh BN G b &y 45 el
Pl S 1972 O o Uyl s L adde SaBLY

a1 g0 g pudall LnEYY g gl A3 palt il BB :19-2 (<
Tilt angle 381 pe LN Jpe dyd ) =
gl e 48l ol R gan i 05 b
S RETS REPRY
el i Y Ay B
Angle of incidence i | el ¢lad b i,
122



crt e i ol 8 Ay Bl o gia oladl | B A g <t yag Y U
Aa ) ) o)
AN Slad e Gl Ba ) A s
WU PPER T b WL VSR ) PR R S8
dethioll Ay it dud sy solar constant cwedd ol SC e
A s sl COGY L s i Jae el g el Bt e Al
Martin Green i, L1377 W/m? 5 1353 W/m?2 Oy ad
1370- Jaall 3 dadl 2l NASA Loy [3] 13661 deill e
1] gl bl le lilae) 1377
LB aBgal yo pall i Ay S L e
LS L by 3T
O G pds Jlo (5 g da e Gga gl Adlany) Lpaedll BN Ty @
JoWh/me day Ll s A sead e gl
ALty i g pulll @
Jsls sl s 3445, Ground Reflectivity ga ¥t LulSall p o
_ 72

T ] L e U e

0808 L g

123



sl el b ag daY e h aeadl bt Ay Gl 02 B gladdl
LS el Tgad gl Al Adie] oy LaS ¢ LA JewalS ] iealile adle) Soke
B2 Jeanll

el At 3l g g B glall cubuiad Ll galth AL8 18-2 g2l

G adt g p)
17 Jan 17
15 Feb 46
17 Mar 76
15 Apr 105
15 May 135
11 Jun 162
18 }ul 159
17 Aug 229
15 Sep 258
15 Oct 288
14 Nov 318
12 Dec 346

B o o (s e do el e gl e 28LY a5 T a3 5 ghdd)
average daily extraterrestrial insolation (el <all 250 e

JkWh/m2.day]

_ 4 A60u : : .
fo= .~ SC| 1+ 0034 cos T (eow Loasd sin Hyp + HepsinL sin 8

(2.23)
M raead Ty o e s s At 5580 delall 3430 Her  Cam
cobuan g Apha 2y (815 Jawf Ayl y sh s N pa gl Al slady gl
aa! piage el adgall o gll W chatad T

124



ilaia) Gy (930 Clearness index (Ky) elacal e tbus 04 B ghall
ahad Al apd e el U9 el N B (e el g ladDl g

T
Cleqrmess index Ky = — (2.24)
0

sl gt g Lai) alina Cum cloar shy dfbaa shaw ) s Al Ghe S5l
B dygn sk Gl paitidl dsd Jy iy dodle 0 b= B Y

a4 8 il A el Jeale
Al 7 i abe doog el Luedd ARE Cdea 15§ shad

T : :
TL}H‘“ = 1.390 — 4.027K7 + .53 Kp? — 3.108KrY  (2.25)
H

Ton i plaw e 5oalel Apaadl 28Il s 16 § gl

oy = Ty = Toy (2.26)
Toe 5k skl Il le Al 3RD LU jo a7 5 glakl
LAl clikall e Tpe sadliall ;s Ipe duSeiadl s

— = | + cos X
foe={pH (“":,—) (2.27)
— — f1—cosE
Tre = pln (ﬂ_:'?f’—) (2.28)

125



Tro =T cos{L — Blvcosdsin Hype + Hogesin{l — Ty sind
ke FH cos L cos§ sin Hsg + Ay sin L sind
(2.29)

e

[LEL Y

-

Raladll o oneady ot K55 ke G 348 (380 et i Hse
(2.20)

LU o el o puia Lasied BB Y 5 88 Sl dg 8 51 Hispe
(0 =90° ¥ 4

Hsre = min{vos™' (— tan L w@an &), c-:us"*[-u tan(L — Z)tand T}

(2.30)

ilall B 2 53 s Apllant Apwadd! 4BUsl ciluas 0B 3 gladd

o S gl g B Ll Ll Lpeeaddt QLY cuaal 17-2
B ahge b o e B L3 a Ao 30 g Sty qugindl dage iy
732 A mhu o Al Laaadd U Sua 37.73°N 4d e
kWh/m?.day
tadl

= 23.48sin [%%g{ir - 8I}] = 23.45 sin [%gz-{lﬂh'-— El}]

= 21.35°
Hsp == m{'{—tm] L tan 8)
= cus"iiwﬁ wn 37.73% tn 21.35%) = 107.6° = | 878 rudians

126



_ 160
fp= (;;4) sC [I + 0.034 cos ( "-f:r: )] (cos f.cosd sin fsp + Hepsin L s 8}

0. ¢ "
= (2—4) 1.37 [I +0.034cos (M) }{cusi?.?i‘; cos 21,35 sin 107.6
k) 65

+ 1,878 sin 3773 sin 21.35%)
= }1.34 kWh/m?-day

T  7.32 kWhim? - day

CKp= = SV 0645
fy 11.34 KWh/m* - day
i
% — 1.390 — 4.027KT + 5.53 K72 — 3.108K1°
H

= 1.390 — 4027 (0.645) + 5.531 (0.645)2 — 3.108 (0.645)* = 0.258

Tpy = 0.258 . .32 = 1.80 kWh/m’-clay

— I + cos 30° .
Toc =Tou (LZEEE) —= 1.89 (—‘-*"-52“‘—) = 1,76 kWh/m>-duy

Tee = 7 1y (i__u‘;}“__ﬁ) ={3.2.7.32 (]__T..i) =010 leﬂll\g-dﬂ}f

TEH ﬁTH — Ipp =732— 189 =34} kthr112-dﬂy
s = miu{cﬂs"{— tan L tan 5), cos™! [=tanif, — E¥tand]}

= minloos~1( tan 3773 an 21,35%), sos”l) tond32 73 A7 en2)450)

= min(107.6°, 930° 1 m 93,07 = 1624 rodivns

127



Ry o cos{L — Zhreosdinin Hepe + Hepe sintd, ~ Zsin §
el Lot & s Hep + Hepvin Laind
ens(3IT. 73 — 30  cos 25357 5in 93 4+ 1A Sine 377 — Wt sin 21,357
Cns ST eos 21 357 <n I0T.6° 4 | R7R«in 37,73 sin 71.35°
=MFR"RI3

Tpc =TpuRp = 543 - 0.893 = 485 kWhAn -duy

Te =T pc+Tpo + 7T pe = 4.85 + 1.76 + 0,10 = 6.7 kWh/m’-day

Qiaddl bl Jglaa iy aMall 3 el 38 i, e abes o
Sadatall BN | Sy el e ) edd Jlan e el ) L3 bl ol
g e Bhe BB B 5o b U8 dgeadl ddal 9-2 Ju0ed en JNREL
g OBl ket gl A B Y L4 15" 5L L- 157 b 30 e
STR TR IR VRSP T N [PV CNA BNV I AU T R - P
el dde | pm e dad

ool o) Apaal fpucadl liled) 19-2 Jgaa

Los Angelex, CA: Lutiode 33.93°N

Tik Jan Feb Mar Apr May Jusc July Aug Sept Ocl Nov Dec Year
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Solar radiation measurements ,pwadd) £ladl) bbb 11-2
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(labisaal o ol SUiay € &y SR sl Jitaae 13-2

2.1 Using {2,7). determine (he following:
a. The date oa which the eanth will be a maximum distancs from the sey,

b, The date on which it will be o minimum distanee Trom the sun,

2.2 What does {2.8) precdict For the date of the Ioflowing:
. The two couinex dates
b. The two solstice dates

2.3 At what angle should @ South-facing collecior al 367 latitude be tipped up
(o in order to have B be nomalb do ke sun's rays at solar poon on the
foliowing dates:

w. March 21
b, Fanuary |
¢ April |

2 4 Consider Jne 21 {he solstice) in Scanle {klitude 47"},
o Use 243 10 heljs bl thes e of day (sobiar G at wltich the son will
he chie Wesl.
b AL ha e, what wifl e altitude agple of the sup be?
. As a cheek om the validity of (2.13). use your answers (rom (a) and (h)
{210} wnl (211)to be sure they yiehl wn agimuth angle of 957,

2 B Finel (he ahimde angie ad azimah angie of the sup at the foliowing (sofary
ey aemd places:
2. Murch 1% ut HEOD A5 in Mew Oeleans. Disitiele 307N,
v, Juby 1* a0 5200 pu.in San Fiapelsen, atinele 387
¢ Decomber 28 al 11 M. at Tatilude 657

2.6 Suppase you wre concernaed about how much shading o tree will canse For 3
proposed photovoltde system. Stonding ut lie site with your vonpass
plutsb bob, you extinte the altitude angle of the lop of the irew ta be abow
30° aml the width of the tree 1o have azimatih angdes that range [rom abowl
T 10 435° West of Soath. Yow <be is at latilnde 327,

Llsing a sun poed disgram (Appendix B deseeibe the shading prahlem the
trer will pose: fapproximuge slisded s cach month).



2.7 Suppose v are concerned about o tall thin teee tocated 106 Tom o
proposed FY <ite. Your din’t bive o compass o protractos s plumb bok,
Bul yem dhr notice that s houe hefore sofar nao on June 21, 0 casts o 30-f
stivdow dicectfy toward your site. Your laliiade is 32°N,
o Henw fall b5 Lhe dree?
b What is bty azinwith angle will respeet o your site?
¢ What wee the fiest and Lust days i the year when the shadow will Fapd

o the site?

28 Uking Fipure 247 what i« the greatest differcnce between foval standurd
Uime for the following locations s sobar time? Al ipproximstely whal date
wollkd that acen!

i San Franciseo, CA Mlongitude 1227, Pucitic Time Zone)

b, Boston, MA {longitude 71.1°, Eastern Thine Zone)

e Bowdder, CO dongitide 105,37, Mooentain Time Zone)

d. Greenwich, England tlangitude 07, Lacal Gme meridian 07

2.9 Uising Fighre 297, roughiv what dadels) would focal time be the sane as

salar time in the cities described in Problem 2,87

2.30 Fiml the local Daylight Savings Time for gomnetric suneise in Seattfe {lat-
e 477, longitide 1235W) on the summer sobslioe fr = 1720,

241 Find the focal Daylighl Savings Wine 4t which the upper Hmb of the sun
will emcrge at swwise in Scatdle (fadade 477, fongitude 1237 on the sun-
ftsr solstice,

232 Aur Mans AMES is supposedly 1he basis for 2 strdasd F-son insolation of
| KW/m?. Tu see whether this is reasonable. comiplite the following for g
chear day on March 1™
i What solar olttide angle mives AMI15?

e What would be the direct bean radiation pormial to the sun's rays?

o What woulid be the diffuse cadiation on i cedlector narmyal o ihe rays?

d. What wouhl Be the reflected edintion on a collectur normal to the ray's
with o =0.27

v What woudd be the totab inssdation normal s {he rys?
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213 What is the approimdale :.ul.'11r irviekiacee wn a clest dity with the Sun ut zenith?
fb | W e (b 0 WiemS ed D W eme,

214 What are the Uires compenenis of solar madintion on an inclined panel?

275 Whii are lhe main physival progesses that determine the attenuslion of sokar
Faclizlion in 1le aumosphere?

248 Which of the follawing siatements are rue?
(i} The aversge daiby irrndiation over the yoar s maximum at the equatar.
b} Regions with high Iatitude experience relatively high amaunls o dilfuse
rudintion.
(c} The seasonal variation of daily solar weadistion is approvimately independent of
the facitude.

247 What are the main angolar guanlities that characterise 1he (a) yearly and (b} daily
apparent motion of the Sua?

A What iz Ure muximum solar ehevation at a site witl widks latitede 400N and when does
1t occur?

245 Whal measired sotar tadiziaon dissa ary usualy used o determane tie erergy inpul 1w
the 1"V syslem?”

220D%eseribe (he principal stepe of the catculation to dewermine the solar radigison o an
inelined surface.

221 fur u photorohaic mstallauon ot katilade 300 N vow bave the aprin v position the
pancls @1 an angle @ 10, M 530 or W 1o the hotizonial plane. Which panel
orieAtallon wurkd vou chowse ko obtain e makimuem energs:{al over the year:; {B1in
the sumener: (o in The winted?

2,22
The mean daily solar radiation on the horizontal planc for a localion al ktitude
3%.1° ™ ds given by Lhe foliowing Table:

lun . Eeh iMur, Apr May Jun Jul Aug;Sep O MNow | D
fkWh m't 2A7 LVEIATE L8 e 0492 M ﬁ.'{}"i.ﬁlf_i TRd Tan, LW
- ST oves-. TS . . I B e— . 2
tiy Determine the mean daily sofar radiation 1, oulside the Earnh's
atrosphere [or each month of the year, Hence. find the values of ihe
clearness index A7,
tit} Determine the daily global radiation for anples Iy, 205, .. 90
assuming pround reflectivity 0.2,
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{iit} What angle of inchination would you regommend to maximise input to PY
system:
() during the worst monib of the year
(b} 1o obtain the highest energy incident on the inclined panels pver the
whode year:
(¢} tor obtain the highest energy during the summer monthy?

{2} A Guadlt 3adla 14-2
Useful conversion factors e Jyeat Jd e A

LENGTH
| inch = 3.5340 ¢m
| foen = {LHKE m
b oyard = 00]4d m
| mile = L6093 km
| meder == 3. 280K fi
= 437 in.
} Kilomeler = 0.6214 miie
AREA
| sqquare inch = 6.452 cm?
= 00006452 m?
| sguare fool = 0,0929 m?
t acre = 43,560 [
= RO015625 sq mile
= 4046.85 m?
= 0.404685 ha
b square mile = 640 acre
= 2.604 km?
= 239 h
I square meter = 10.764 fi
| hectare = 247 acre
= 006385 sq mile
= 10,000 m?
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VOLUME

| eubic fo

| acre Eout =

=

i gulion 1LLS,)

| cubic reter

004 cuyd
TARDS gal (LL5)
002832 u

832 L

43560 0’
RERW OIS
15851 gl (1S
0134 i
00633785 mt
LIRS L

4l ox 107 Ach
353147 /'

Ml 172 gl (115
faHY L

v oemt

LINEAR VELOCITY

§ o por second

I mile per hone

bometer per se¢ond

MASS

I pouad (uvainlupois)
L kilugram

| vy {whorl)

1 toak (IBeiri)

= (LGYI8 mph
= {3048 s
1,467 fis

0.4470 mfs
1,608 kandh
3280 fih

1237 wyph

f

—

1453592 |

2oHIS I (aveirdugrogs)

= RFTRGh oz Girvoindupois)
XN 1 levodndgnis)

= Q072 kp

a= (LT ton Dl ries)

UM Sy

2304 .04%2 b (veinhupois)
G2 o (shaart)
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FLOWRATE

bcishis fat par secaml = AR50 mite
= 4458 gal (UL Amin (gpm)
| cutue Gown por s =472 w0 (0 mis
= 74843 ppm
| potferr (LT8.3 Per el =68 = 107 mis
I anibkiony gallons per day = 038y
tbeoat acne feel por voewr = 320107 nv fa
I vubic meler por secund = IE315 (Y el

= 1LY 0 Moie (chm
= 11 E3 w10t aatid
we J0LET Ac 1)

DENSITY
I pound per cubie Foot = 1608 kg/m®
I pound per salkon = 1.2 x 107 mg/L
I Kilogram per cuble micler  — 0062428 Iiﬁfﬁsv
| gram per cubic contineter = 62427961 1/
CONCENTRATION
Pomilligriem pee hiter in water - = LB ppmy

(specdlic gravity = .09
= LINHY ppb
= LI} gfm?
= K.34 Ib per million gal
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PRESSURE

1 ceenphers m Tt v Hg

A bl daim
oyt g ab He (AFF)
IAEWS [ ol N (A2°F
w1 RS KFa

2307 0ol HaO

TEM in Ha

MLO6SG3 ot

i potand per sopne ik

b Brsal (Pt = 1 N
= |45 x pisdin
1 bnele of mercry §32°Fy = 3iubd Pa
(" F] = A1T69 Pa
EMERGY
I British Fheomad Ll = 378 -6
= 231 cal
= 155 ]
= (L2030 Wh
! quuded o Bl = FHS e

LSS 3w 1FE )

=283 x 4" KWL

e £T2 2 108 baerels (A2-guld ol vib equivabcnd

= 360 % HY melris o b caal equivabens

=093 x 017 cabic foet uf patural pas cquividlen
i jouke =1 Mm

=448 = W77 Hig

= {1 TATSG -1k

bk koo = 3t kI
= 3413 Biy
= HE0 Ekeal
I kilocakosic = 4185 &l
POWER
FEitomwudl JFCETREN

3412 Bruwfh
1.340 hp

b hursepower = e W
= S50 i/
i uaddbion B per year = {0471 anithon bewps s nf ol g day

= (A3 TW

Ailse (i e dashdd el Lpuadd dsibiuil 58 B
Tourly clear-sky power insolation tables {mel]
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.collector power rating U

e dadh

A0
Voburme of water transferred = a0 W 6 % B600 mT
mm e 3 3w OO0 x 10V oo
10

Masgs of wuter lransferved (1 g = 1 em®) = % % 6 % 3600 3 10% ¢

Quentity of host = mase x temp rise * specific heat

gyl
-

— 9,504 % 10° cal

w B 3600 » 10% = 22 % 1

Heat encrgy collected = 4.2¢) = 4.2 % 0.504 x 10°
= 38.91 % 107 joules
Energy translerred 1o storage tank, ot o system effickency X%
= X/100 % 39.91 x H1® joulex
Capacity of storage tank = 227 litres = 287 kg

= 227000 em®

Amount of heat nceded to raise tank temperature by 16.5°C
z 227,000 x 16.5

i

= 3,745 % 10% cal

. heat transierred to tank
Efficiency of collector system =

heal collected
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3 745 x 108
‘E} 504 x 108

= 39.4%

energy collected

Power rating of collector = — :
time of collection

-~ 39.9] x 108
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Energy collected in 4 hours = 4,806,000 x 4.2 = 20,563,000 joules

Energy transferred to storage tank
= 50% ol energy collected
= 10,281, joules

Mass of water in storape lank = 50 gal = 227 litres = 327 kg

heat transferred from collector to storage
mnss of water

L. 4,896,000
_ I o ' - =
Torroos Y

Tetnperature tise of storage tank =

Power rating of colleclor = o uduit

= 1428 W = 143& = 476 W/m*

(i) I tha temperature rise of the storage tank 18 fxed, so is the ratio hemt
trensferred /imass of water. 1f ihe heat transforred is reduced by a factor
42 /0], the mass of weter (1.e. pumnping rate) miet be increwsed by the same
factor.

New How tate = 3‘2 % 20 % 107% m3/s
= 23.81 x 1077 m* /s
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chaloud dilgd cia k3 48l CST cithaa 13-4 Jgeal

Project Name Yearof | Caparity | Type
Comvomission | [MW]

Thanis, France 1976 25 CRS
Ewrelios, Adranp, Italy 1980 1.0 CRS
Sunshing, Japan 1981 1.0 CRS
JEA, SSPS 1981 5.0 cag
IEA, S5PS 1982 0.5 LFS
Solar I, Barstow, 1982 10.6 |- B8
Californiz, USA A\ o
Lajet Flaott, Texze, 1984 49 | ¥o8
"y g i A,
Leino, former USSR - 1985 5.0 CRE
SE(} 1, Mojave Desggt, 1984 14" 1FS
8KG 2 1985 3 [
SEG3 1986 3 | S
SEcY 4 1986 0 LFS
BEGS . 19R7 30 LFS
mﬁ. G 1988 30 LFS
SEG 7 1988 30 LFS
SHE( 8 1990 gp | S
SEG 9, Moy ave Desert, 1990 RO L
Califormia
Solar H, Barstow, 1996 10.0 cES
California, USA. : '
Phoebus, Enrope planned g | S
TOTAL 424.6 MW
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Mote: Live vaks arc evergreen and, thus, should provide better evidence of winter wind
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Mote: sofl pine neetles are usually in bondles of 5 and cccasionally 1 to 4. Their cones
have a statk. Hard pive needles vsually are in bundles of 2 to 3, ccoasionally 5w &
Thedr cones are ofich armed wilh prickles. Pines growing at high elevations or aleng the

comst ate [kely o be also affected by wind- blown sand, salt, ice, and snow which
woelhd add ta the witnud deforinaeion,

The relationships helween tnean annual wind speed (¥ Jand the indices of wind

deformation are: ¥ =073+ 330 ¥=TN+35
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Mean wind speed (in/s) 6.11 4,48
Median wind speed (m/s) 5.70 ©4.01
Mirnt wind speed {m/s) 0,15 (.15
Max wind speed {m/s5) 23,87 18.82
Mean power density {(w/m2) 264 106
Mean energy content (kwh/m2/yr) 2,314 927
Energy pattern factor 2.130 2.198
Weibull k 1.779 1.76%
wetbult ¢ {m/s) 6,87 5.02
1-hr autocorrelation coefficient0. 388 0.871
Diurnal pattern strength 0.257 3.332
Hour of Eeak wind speed 16 15
Mean turbulence intensity 0.141 0.194
Standard deviation {m/s) 3.56 2,63
Coefficient of variation (%) 8.2 59.1
Frequency of calms (%) 0.00 0,00
Actual ohservations 43,498 48,498
Missing observations 0 0
Data completeness (%) 160 100
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Rayleigh distribulions of hours and energy per year versus
wind speed with ¢=18 and k=2 {14].
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Weibull distributions ol hours/year with three different shape
parameters k= 1.5, 2, and 3 [14],
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Weibull probability distribution fuaction with scale parameter
¢=10 and shape parameters k=1, 2 and 3 [14]
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