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Abstract

The subject of this diploma thesis is the effect of phase change materials on the
indirect gain passive solar system, the Trombe-Michel wall. In particular, the energy
study of a simplified building model including a Trombe wall with the addition of phase
change materials is carried out. The Trombe wall requires a large thermal mass which
involves heavy and bulky structures. The idea of using phase change materials in this
system came from their ability to store large amounts of thermal energy requiring much
less space than conventional building materials. For the purpose of the present study,
the effect of different versions of the Trombe wall on a simplified building in the location
of Athens is investigated. The different versions of the Trombe wall refer to the different
construction of the thermal mass wall, which includes different combinations of building
materials and phase change materials. The study is carried out through energy
simulations performed with the EnergyPlus software.

The first chapter analyzes the energy situation, trends and forecasts as well as
energy consumption in buildings. The second chapter develops the principles of
bioclimatic design and the ways in which it is applied. Also, it describes the
arrangements and mode of operation of passive solar systems, systems and
techniques of natural cooling and natural lighting systems. The third chapter includes
how the Trombe Michel wall operates and its basic features. The fourth chapter
analyzes the thermal energy storage mechanism using phase change materials, the
categories and problems that arise during their use. The fifth chapter deals with the
ways of storing thermal energy in buildings using phase change materials, the devices
through which they are achieved, and how they are incorporated into building
materials.

The sixth chapter presents the building design that was created through the Sketch
Up software with the Open Studio plug-in and describes in detail the structure of the
Energyplus simulation files. The seventh chapter presents the results and conclusions
that have emerged as well as some proposals for future studies. In particular, it has
been found that in a 45 cm thick thermal mass wall replacing 20 of the 40 cm concrete
with 1 cm of BioPCM Q29, the total thickness is reduced by 42.22% and the thermal
behavior of the building is improved throughout the year. It increases indoor
temperatures in winter, reduces the summer temperatures and improves the thermal
storage capacity of the wall. It was also found that replacing 40 cm of concrete with 1
cm of BioPCM Q29 and 4 cm of plasterboard also improved thermal storage capacity
of the thermal mass wall. There is a reduction in the total thickness by 77.78%, the
passive cooling of the building is improved, but the temperatures during the winter are
generally lower. Finally, it has been shown that the installation of a shading device in
the Trombe wall improves the operation of the device throughout the year.

vii



viii



U sU0dfhe Us

L O T Yo OO v
ADSTIACT ... Vi
1 K3UpoUsUse ZLUNAUUL e 1
11 T U B 0.0 ittt 1
12 K3UjoUsUeayd gvyYOUs.d..als..dy.6hayyUs.d?2
1.3 7U0UUs¥YervlGd Usyj.alsld..00. . alay.aU.... 3
2 MosoeaselUUsofhd. . 0.6 lis.Uldehd e, 5
21 EcUOUsoa¥Y e¢U Us3s bsg.a.ascellanshf. . . 0elliaBiceh
22 ¢oa9sUa¥Y FEFglUGUeeUUU.. .Uy .e.03.0d.0 e, 6
221 K3UyodUsa¥ ¢ao

UsY FgualUeeUUU.. Uy .6030dd
Y FgaleesUO0U..Oy).cU80dd
2221 FKFgaUeeUUOU
2222 HKEgaUeegUOUU O
G
g

g.e.¢g.... 1.%.J..0.68.9.4ccoernrnn... 8

U
5
222 BUddUsayY ¢oasUs
oeU
eeU0.6.0..7%4.080.0. . ...9
€@
U

223 FEguaUeegUOUU U

23 YUddqUoessa¥Y EgltUeeUUU oaUs ¢Us.a3.0.ay.d..01d0saai o)
231 Gg0oohd UUL.9 0.8 0. e, 12
2311 @sUe Uyed oglsafhd jJUystehd. .(.d80)yetdosacd
2312 Bi}068d U888 e 14
2313 g¢osUse T.Ue83.YU0U. i, 15
232 FKFoeaUld oaUs ¢aae...).adU0U00.al. ... 16
233 Qi 3d ¥ 080 . .UlYl.8.0.0 e 17
2331 3 HUGaUGU e ¢eog . .hbaldl.rU0ay.e.017

2332 3 0uvlease EiGUdeU jovolL 3-j(yA3)al8yYaUUJd KU

234 ?2galUU)s3e j.allaze.b.6.2.0U e, 18
235 K3UUes0Us8fd..0se000e B, 19
24 EgiUeeUUU oaUs gUc3oay.d..0g.0a0ei..0¥20s0¢cai
3 éoaced TMohahh. ..o 23
31 Ussoee slala8.04.9.0. Ui 23
32 @BUUG A @rONIDE. 6.0 ..cceeeeeeeeeeieeeeeeeeeeeee et eteeee et 24
321 ¢saced UUjesoaed..)..edeslglddd....... 25
322 J U8B U UNll0. B ittt 26
323 037 Ug)atU A3U00p.8.0.8.84 e, 26
324 7Y¥Uy UgjatU A3UU4.0.0.88 0 iecerennn. 26
325 UgyaitU | 6.0.04.08.0.0.0 e 27
326 @sYoaUszas eUUUsi gUeaesGUUlBaeg oUs.206aceg dU
33 YUj UaU0 ¥ Fronhe.0.6.8. 0 eeeeeeereeereereeieeeeereereereeeeeeeeeeeenes 27

iX



4 3oasa¥Y jJeaUoed 0LX0.0dd.,(.PCM)eeeceeeennne. 29
41 ¢3h 65 | edealUgldd Udgd..UUj.es.aed. .29y} o0sU0d
411 | edeaUgtd ) sadd®eHES)U.Uy..e.5.04d.0.0d..20
412 | "edealUgld sUsdyseg.hUd.. 0000408 d
42 EcUUssay¥Y eU UU 3Jos.a¥...2aloed...dY.0d.d31l
43 FTUUdoeyse eadltd 3es.a.lr.a.. .azUded..n.yl8dd
431 BjyoUssa¥Y JasayY ., .aaloed..nY.0dd.....33

4311 BUJ UG.0.3.0.G e 34
4312 S9ULY B3y U e 34
4313 ] 30 8 Bl e 34
4314 KO UYL 35
4.3.1.5 ST T0] = O Y R 35
432 |33 oU3U0 JasayY ,).aaloed..on¥Y.0dd.....35
4321 03gl) U QaU0UU. e 35
4322 zU00U0eo090 Y. X .Ye lUU. e 36
433 KgoaUdUosoa¥..z.U00a.e.UUU. e, 36
44 YyeboeesUUU o2U0U0Y Uds ) edd..laasl.s..36aU0ed
441 aUssheUsas @oUcry.o.0c.6i... . 0.Y00x35. ... 37
442 aUssfheUsa gsupercoplm@.dod....fooioeerieerieereeennne. 37
443 | eligoe UsUyjyet 3 aUs bpUaUarhid..Bd 000G
444 jUsgdee UUjeooe..).0.x0.9e00d00. . . ... 39
5 gUddqUesse | edealgld K3y oUsUd..00.T.Wi)s0 0 j
Bl 0 U8 80 e 41
52 Ks3lGrveyYUvxlid J3osat 3 | aoalUoed..0Y0dd..040U mpeessayY
521 0e00d A3 0% XL LG 42
522 ] "8 J Ut 42
523 A3 d PAN .G i 43
524 YeoagUU) vye UUs o ®CM.U3.a.0.U.. .U Breererennne 43
53 TUs) sUosyd AUl .8.80 G 44
531 #6806 PEM.&. Ui 44
532 #60ad@mbes WPCM.....c.oooviviiieee e 45
533 YU} Udgy HaGNeU....8.U e 45
534 EFi GUdeU dy RCM3.0.d.g...e.0 e 45
535 KAs3ueliU yusU WgeM.e lUa.l.d.. oYL R 46
536 B 8 UY BCM. Lo 46

6 A3UpoUsUse Yjcilse.goxdd.. .0s).08.0........49
61 GUssose BU)osa,Uie. 1098 4.06.0 e 50



62 s629U0e9aY Y}.c.08.8.0% 00 i, 51

6.2.1  SKetCh UP 2018 ... 51
6.2.2  Open StUIO PIUG iN...ccooeeiee e 51
6.2.3 ENEIGYPIUS ..ot 51
6.2.3.1 EP-LAUNCR ..oeii e 53
6.2.3.2 15T o 1 o PP PPPPPPPPP 53
63 FEcUlUsUGefhd Skdich Pm.8.g....0.U.Bueeceeeeeeiieieeeeeeeeeen 55
631 FKFecUOusUGehd 7Tiy oUdHolsdzoned.o.0.d....Z.1..3.d5§ (
632 EecUUsUGehd s Trahibe(drgmbe Zowek.a.g................. 61
64 A U3U0UpoU00aU u Opesstydi®.x.3...0. 06 .cevieevrnennnn. 68
65 Yjeleecavld e UEnggPlmsae.0.9.0.8.9.8.0. ccccvenennn... 70
651 KotGUovoe aUsj sa..a..illiseysrs.......70
652 K U3 Uy oUGaU u \DFEditor.3.0.3....0.08 ..o, 72
6.5.2.1 Simulation Parameters..........uuuciiiieieiieeiiiiiiee e ee e e e e e eeeeees 72
6.5.2.2 Location and CliIMAte ...........ceuuueiiiiieeiiiiiiiiine e e e e e e eeeees 78
6.5.2.3 SCREAUIES ... 80
6.5.2.4 Surface Construction Elements..........ccoooeviiiiiiieieeeeen 87
6.5.2.5 Thermal Zones and Surfaces..........ccceeevieeeiivieeiiiii e, 102
6.5.2.6 INtErNAl GaINS......coieeieiicee e e 112
6.5.2.7 Natural Ventilation and Duct Leakage...........ccoeeeeeevviiiiiiiiinneennn. 116
6.5.2.8 OULPUL REPOIING ... 127
7 ) eUUeay0eUUU K3U) oUsUa.rd..B}.6.0.6.%5.6.0.%029d
71 K3UjoUsUse Yjycleecarld tUlkys glliyaa.cigd Y aUs U U
72 K3UjoUsUse Yy drd dedasa wiedr j%biNs; Us abodedy. 1B%
73 K3Uj;oUsUee Yjelsecarvyid WHeyatleg. 038Y) aUsU U
74 K3UjoUsUose Yjycleecarid WBEYybgoaeipay) aUsU U
75 K3UjoUsUse Yjyceleecarid FUUY..Uds.i@ey) aUsU U
751 zyad zdBUlkaelk ) UdalU Tiy)sU0d..00).c901d6ed €L 3dd
752 zd3sUaU j) "eddeUgeysd UUjecooe A2, o0U0UsU ¢ga
7.6 z”L"Jay:L”Jq Udd A auy UGdd Udd EglGeUged EFoealldd
B i 0 0080 150
77 Kge Uy ¥YBgBWHraGUsd o250 e.laas.3.Usar..1820ay Uqd
D9 D 396 0.4 lOUe i 155

Xi



Xii



1.1 0U0U390Y

TUdey stGUsoahd “~Uy¥YoesasUUd o250 Uds "~ UjyeiaUlU U330y o
Usg "~ addgleci UWxmgyY oWsetdd Usy Ugad, Mflebkg U s ¥y
"Uoohls®)PoUsUoe BBHUBEVEaOGsKG0ds s 8we ) U

UOaU a2UGayY0UdaU U ' fh Us 1900 oUstuJUdPllg dadsyaUd
isaddd Udd UsU0)oUsUsed oddldmirdadidegddedgs U Udsg
iaddd Ueg boseUsdgs U0k eliblgdgle ) dhcs cahoaoady cg
"addgibeg oUszelWp Usigdyyddd Uiazxdidd Udd UsUy o
UU0Usyevldd aU0UY Udszs UUea0gualu W gbkagedydgdldaad y:
Ly Ud, "6g U eUUeasi 3 Uk ohG®waddig ¥ ejgY alesdge U

Uds atusU " Ujacie g ev}al Wl Udupdedbalcavedgs
3L d0dd. ] " Ue Uyoaed Udd wUaUUUaUd Ueg 660

"UysbUesas3Usoayd Msee e Udmtedysidd osUs stsUalUy
O o Ut aUrs “edg aUiciadUoallue Ugfige tBess U3z U oUsUayd o)
Udd utUsaUUUaUd Ueg 670 1ddaUs Uds Usy Ugad tsUl
U guieUsosae Uds ejedd Usyjogsldidds yYPpod®oe U

Usy) oUsUgas 05§ Bdgy¥yd A3y o@eUd (] BK)

vy ¥d GUa3UUBUoddmBee ffd, 03zt d "~ UoahlesU oaUUUs3Y
Usy) oU0UsUd GgsUcasUs 3Uhegeys@laeg 0lg UU2 9 UaUfss (
esaU UstGddUe Ui adad Urs U3z U3 UL Gesellsd (dost 3 0
glijedalal)ysee) GUs eUjatise Udd aUUUsYearldd.

() Cc Ceo &«

@

O Co

Naykoaj
illion

Awan Evépyeiag
Milion tc valent

u AvBpakag
u ANE

® Yéponhextpuxri Evépyeia
W Mupnvixrj Evépyeia
B Quows Aépo

=

92 9 94 95 9 97 9 9 00 O 02 03 04 05 06 07

Fecedl¢ Uszyesszd Udd ~Uosaeh
2017 a0 ¢a 33



aUy¥seallBg eceU; U d " UooefhlesU aUUUsYarld “~ ) rUsol
y3Us3U Us 2017, eU bUGseayd "doyd “~UjyUorvoed Usy
UsU3s UL 88980 dUe e Uj atse sdslgs BmslbyhUeclr 00 U¥vs Ry ¥
Gg3UcaslUs FU Uad@a1UsdUBLD.0U0U3Yaavldd 3 vyUsoUszasid Us
eylie Mw U 2020ai00WMIdE2% “ypPgtisU 3y halslUs oaUs oc¢
UUci UUy d UsH Upesrdad b3 sshlBdaidJeU00e ey [y e 1
OU0dagrygd.0UU3sYarld Usy; o0d8dUdgasdddaBabU0¥¥cB U0d:
eUoUai UU; d U3z YOaUyyzodUalbdgs jorsgU 1 g otz Usbesc)vgoyY.
Yyady UaU U f Uds osaUUUsYeaexvxld .G8g d¥sld hHUgdwd ko
aUdheaeg UsyY Ugsd 29U UU UjaU,[®yhssU0 U Ues 201

1.2 K3 U} s9gfU¢gyvyaUsd oaUs YyeboayyUsd.

03 U0 Us Ujsoylbealbash 0 U diyUs schyeddespad gfdlisgr * Ugadd oaUs GU(q
UsUUUsose el lgiac@pgeils ¥cUs Oqls blels 08 00 {

"1 8oaelUsd 295U Uds Usdy v HUqUOU. Kas)ls G UGy d
aUUUsBagie Uy st hUUUas UB Ui Al sdy e UPU Yool oahosU
elUs13alge Ug Yy Beed@Pes UWs d oUUYGUUGd 6} e OC
c6Us}; U0 Ui Us. ¢ U3UjoUsUdmiaslbwdd&Wed, cfpivdraml
aUU0U3Ucig3 U  oaUspddeBmBlaidd UaszUs ¢ aoi gy dahUl
Uz U UglGade8dd Usoa¥Y Biyso agilkds iUcRsae3seesaed KEgsU
] 3Y UgesBlijigs Ucacdgs Ugploo UUU3 Ut 36g3 U3z U avYlOsUd
aUUY oaU0GUa®s30 8ghUgepdxyd

FUOU U heBxW defppd U Uds j UotiUaU @8990636¢c5
"goag oaddglesosUsatl 3 Tas U sslgs Gdys U A @lg ey, €5 U

j UcotUaU Ui ddded azpdydo Us Ue eadUsetl €6 d W q Ui estdlicdd Ud d

dd 3 vUsoUsit 3 Uzl oUOsUaphaclydep¥Pgastd Usg

bya@psUsd

GJ ®e

o

vy

(O] Co

FiclGyaU U e9U0UBP,URoBY@qUEYEs U000 Udd BUxsalU ~ Uy} c
FeedP d Uiaddd Udd aUUUsYevidd Usy,zls lWpsdU Gg
UseyU Uxs oaUsjars 30U yeUs o Ueraldhy s UbvadesisUUy d U



Billion toe

20

= Metadopég
= Blopnyavia
15 | ’AK'uumu
Ktipa

n

1970 1980 1990 2000 2010 2020 2030 2040

Fcedbl¢g Usyasad Udd "~ UoshlesUd oUUU3Ya

2040 U3y UeeyUMIGU Billion t
1.3 7UU0UsYavl0d Usyj,oUsUd aU aUay sU
gU O0deUyssy¥Y oaUaysU osaUUU3Uat368g3 " UpsadhU0) e
"y yUgo Wmeiycp UsUd, UU 6 ealU UgdiszesUUs o90s5U Us 3¢
dUjyeegoad aesg. JgUfR UasUs " UypsdahUOUyd UsyyoUsU U
esae3aseald, dge UyosaUebhUzeseysrxas Urs e00U0UGey 1 3

6o9s5Use dyjeUsld =a36Baysd Ugi ygg Uso U3 Wst Udd Ggs3aeas
UsyjyoUsUd U ' K 63galUyY %odlg taglUddUse HdeydlU O

"380dyUegs “"eaaY " UjsbUseas3sUssay¥Y “~jebeeeUUU f°
dUyeead asg, ~6g UGgebyYaoasggs 0Uds Usdyyr eoUse
FgasU 1d, "~ oadjt36geU y3U0 gydafh ~UjsfdloacszUsoaf o

¢ 9UUUsYaxld UgUe, UaUU 80 ea6jile dUjeseed (o
dqaUa Uy seed Usyy;oU0UsUd, yclUs vd U eUyaUlcU, Ua
U sb¥Yygsastdd ofoarhallegy dgylyede iUsyy oUsUd, Ud eUo¥a
UUehGUs ) Ud 0 i "egd, ogf(COydedgobighonavaUdlegs¥:
GUsshelUse Usg dUjyescoad asg.

FUds KooYUiU 69 UsYooaUd o090 dyjeUsidd Uxs aUUess
Udd UGgs@aW@prdsUsed Uesgd oaUUUsYaxldd. ¢ oU0UU3Y
soosUeayd GglhoalUgyd, Ue GyUsleh oaUs Ue3s oaseUUsf
Uz Uy oUsUsci slesgoasg. Bs oaUUsssaald U oaUsUy
6y dises 6oUa rvd oalislose®lU,Padoadliaspodss9% Welpe 35



o

dgsfhasg. ¢ G g hess @ 64% UasUs UgURseeU dU

o

6y dises @o96i3 U "eletUf 25% ~ VU yaUse, 12% deo
¢ aUU0UsYoaxvidd Usyj;oUsUd GUU aUay aU di Udpsh okeayY i U
Udd Uiadddd Udd oecjetdd oas5e¢UUsGUsal 3 alUs ¢
a29eUUsGUsoa1 3 U 8UUaUa GdeUsUsafh "~ Uy¥YoesUU Ui 3
a0d 61y U, eU UUyYaUsUd e6ses3cesayd UGgsy UsUd
aUUUsUaAUr. ~oaycmasdlUUstUsay U sulUs3tL 3603 Ue
g Uydyj;eUsbdd Urs UGUsalL 3 ay3 Uy rs aUs Usd
"UysbUesas3Usoayd Ggadeald "e6g U ssaj UUsia Us alUae

o

¢ Useosoes3sfhedlid UsyjyoUsUd GU y¥3U0U oaUayse UsUG

cUuosBlge o Uby asg oaUs Ud ejyedd UsUpoUsUsayY U siis
gidUdeyUy¥s oaUs Us ey Us eylary Udd gydeed U @

Uz Uy oUsUst1 3 ,gdU0asa¥YU¥3g eh edyUUs Uds Y3 s0GU0d @
Uze aslesgi oaUs Uddudliode bblmwa Wise o cUUg saa 3 UUGc 3 901
Us3s “J a8ls myewige gyass.Ud aUdey stUsafhd “~Uy¥YoesUUd U:
UasUs d Us3Uj;oUsUse uUsUscUaysld Uesg oaUsjaeseg, eal
J UGUdy s U0UdUU "6g U eUUaUa Blss (U 3fpogs Wisezpegjibcs
Ucsoso13 oaUs 6959636e5901 3 U)YaUvxs.

Co

Co

o

G =

o -

Bs U UebyGUsd Uzesosasgafhedlidd Usyj;oUslUd GU y3U0

1 ¢ oaUsysUsaf oayeagliced ( .6. dUjyeeceefhayvlid, oaU0U0:
"UddUsa¥ desUsay¥Y GguUeesUUU)
g3 " Ujosb¥Yeoaesdl®d) amigj d Umsg &) edd bavalUdiadd)
god UooaUUUGUYOUsd dyyeUsldd, yia>dd, Gy Usi
daUsa Uy seayd GglaUgyd
1 ¢ds e6)deasosse cjedd Ueg oUsjaseg oaUs Uds
GUescUars ( .6. UsUjoUsUse uUsUecUaygstidq, Gg
dUj esoaed6le Ye Ud)



s o

2 hoeoascUUsafhd GecUlUsUlehd

21 ZcUUsoay¥Y e¢U Us3 bssgoeasecUUsosafh GecUlUsU

B bsegoaseUUsolas Wis UwisWdidbege ¥WagUs 3 s0ed ~6g o9y ¢
U Usd Ujyeyd Udd e saaeaabiagldy avlbsU Uled (bsdhtliedlel e Uy
U ellee Ua 8U0Uds “jeadUUGaU Ueg " Uysb¥gassUasd =
bssoaselUUsore (gdBidliedladad BUs)yarvxs oaUs 6L}y ¥3
UsvyUUj;-g50adysys) €U0 byldd Ue Us soh saoacU, eU
6 Usoed ¥3U0di, Ulsss edoecssdozel Uszy) oUsU aUs ¥YaalUd
B bsegoascUUsafhd GecUusUGehd “~Uypsaleby¥slUs Usd Us

f Yye0UU0UGaU dU; ehUqUUG Ux3s oaUsjyaxrs UhpGe Ue &
6y dises 6o130U0Ud Usd aUU¥YeaadoaUd UUsaflpoayd &
G¥aUae Ueg oaUsjaeg, staxvxd U0 U Ujoe ehavid
aUs Uvxys UseosoeyYUxs Uesg.

T jyJedd desUsed UsyjoUsUd o250 Ud dyjyeUsld Urs
99U Ue Grd Udd deyy Ud hese Us 63 hsae. gl C
"3 8B UUsasleh Uys oUsjars oaUs slsUalU0; U0 U
"3 8Uaedidd " edgUU0&e 3mEg Uds d&lodUiqUaya¥UUs(
UadvyUUy 9013 6L)¥s GielyaU U0 Usd U UsUetUsgd
"UddqUsa¥ doasUs¥Y GglGUeeUUU “~6g Ulgoelbeyosgs
oUsUesqg) gieg Boady) e Uslid aUdi d oaUs GgGUeeUUU dr

f 8ye0UUGaU Urs oUsjars U K Uess oaU

acoUs)ys3h e
eU aUUYeaaded U UzU;o2U08aU Ueg UltBEy ebageesUUcd
3 0

UsUsaUGUsoat 3 6}y vyeYUrxs oaUs U sGU3UstL 3) .

T J "eeo¥gs3td Udd dU;efhUdqUUd “eg Ggaayy Ui OUUs |
Us " UysbY¥Yaeas3 6jdlsesg 891 3U00d (Gglhsay¥Y eyaU
U0csseayd yiadd), H ¥vd e (Gghsahd UUyslehd,
3icUUd.

T dU0aUa¥§adUjecoe Uxrs "~ UjdgbUsodtidgd Dibgdlg oo
ctjegd Urs oUsjyars yUls 1 GUU @5 oaYUessecsca Us
(udei.3dqtdq Udd oas3dodd Ueg Uy, U eyGU aUesgd
dU0; e hU0qUUd © UjcetlUyje U edealgld GUesgd Usaca

bUGsoay¥Y GUsscUaU Usglemsga albasseUbUsBe i = Whdissady g
UsdreUUL3830Us 80 oUaysU oaUs UselUUaaUi 63 UU
“Uy yYuiUsoeU, Us3s ®evase, Uess Uy, U, Uss ¥s3Ues, U(q

5



gt Ush) o090 dyjeUsld, yi 3d¢ Us U0 digwiBaeiradiByliys o
cryjaee3U0Us U Uy Usd oaU0UUdosy ald:
A "BU0UdqUsesasay¥ ¢oasUay¥ EgliUeeUUU Uy eUsldd

A BUddqUsosay¥Y EguUeeUU

C

aUs ¢Ucssoayd OGglseasi o} 6l
A EgiUeeUUU oaUs ¢Uc3d8ld Oglhsoaesi axvUsiteai

-

22 ¢asUay¥ EglGUeseU

C
Ce

U Uy eUsldd

221 K3 Uy odUsesayY gaoaslUsa¥Y KEglGUeeUUU Uy eUslidd

A3 Ujod¥W) doasUsy¥Y GgGUeeUUU UasUs HOGU OGgaoayosg
cydises 6ot 300d dedloBU d digeyweBlMdld ¢ U0U0Gy ) 6
dU; e UqUUd a0 303K, aU Uy U9.eUCGWga¥Uepec yrabd
GgadUee UUU 290950 Uds U@pdacdwUsleeddadg s y) oUsUd o«
bedddUseayd GglGalUgyd 295U Uds eUUUGey Y Ueg U ed
y Ug d,(ue]i

}J Yyeegs uie bUGssea Ui 85 UsUjo13 desUsal 3
bUGaeesaUUs GUes Ui 6 JUguaUei, gojei e Uy, U,
desUsed Uy idads WH.UY GgaUeeUUU Ggeayoegs oaUs U
UsaUs3zedl@mbdl Gg3ycixms@yse WBGEydasUse dUyehUqUU o0
OUarvUUy 98 erye ®© GU y3U0 GiaUdeU U edealUgldd
dU0y ehU0qUU. A¥3s Ue GiaUdeU U3 edeyldd H@ dddUsbed!
e UGO0Uyosefh GiaUdeU ~ Uy y dUU

FUcee2l " Uy sagliayYseUUUs €5 Ug see UsYUUsd Ushd
dyj eUdBdgal eU0UUGy) Us eyidr gojyei Uds deslUse o
U sdea UglidyUd lleUUa Uhd U H Uesgd doesUesesid Ggaoy
U edealUgldd g Yisdis ol omedisgaUred oUs esU Ggual
dUjeegoy UaUd. EUd uUsUecUse U cdedBdeddrodidgsei
dU; e UqUUd 295U Ud €UU0UGey Y Udd dU; ephUqUUg U g
G03UeUsed aUdi d aUs €90 besdddqUsee GgloalUge dyj e



Hhokac Fudhextne

Hiotnpo
EAEyyou

Aoyein AmoBrkeuonc

dqUsscgi dasUs

o) 9
G Y. dU; e RUQU

yides UGey Y UU GgaUeelUUU "6g eUUUGy) g3 eyly Ul
Ug soe UsYUDGEG ei@dPhsslelU Uleg o o8y pgstlyiy Uxs daosUs
dgealUsllydaUehbyYslUs Uds degaboudlvdpahUdlid,o UalUs
“"aYoU UlosecysB®eUegieoBamUrd GgilvegUsy Uk Uacdyll]se AU
dU; e UqUU GUes3 6L}y e. YU, 0Udyei saUUs U alidd esU
Uds dyjeUstad 3U0Uyei HUUs GUs UasUs UsUosaUaU d
OG0ty soe “doe dyjeUstidifeggUsigaoddglaOB 0O B o

Mpoc Aoyeio AmoBrikeuanc
Zearau Nepou (dtav 5ev To

HAGKOC TUAAEKTNC fupdrio dev Beppaiveral)

EELITEQIKGE DEPOC

TuoawpeuTic BeppoTnTag BonBTun TUTKEUR
amo TaLEVTo BEppavanc i
Fceglgg osoe UsyYUUzd UsUjodUssesi deasUs
} UgtlUhRh eU0UUGe ), 3. dU; e hUqUUG

Hile
| e e




222 BUddqUosa¥Y ¢oasUsay¥Y EgOGUeeUUU Uy eUsiadd

dUddUsa¥ dasUayY Gg®dels Uils cdsys¥e UBUWalage Ua U Uesg o
Usoe 691 3U0U0Ud Usd Uyjeyd Udd GglsoedgbBggdgahecag
Uds dasUse Usyj;oUsU, Uds U eddeaUiegsa g h €6y (¢
cLy®ayyad UsUjoyY edaUsfs aly alpgpdble cUHU dasUsed Us vy
G0 (GUssfheUsas Usg dUy & & alda fiosstligs aUag ChsetissUsefeHU jUb, U <
ey®l Usg ogUeasei ®© ¥Yeaeoasg UsUGUseid gesasi aUs U
dU; e UqUUd aUe UVUG¥UU;seafh Usg Ly eg ~68g oaUai  U0UU

Fgsedyg Uy Ut 30Us U RAyUsd Uesg oaUsjyaeg eU 3H[USs
oUrvo3 UlGsesaY ~aYUd), Ums 3d eeadddl adsly c g3y Us o UUY U
cUseBaU. UddqUsoayd d o aglatygdy s(slbelblbse aeolh Ud 30 U  Us Ug i ¢
"3 80000aU (dUjyeesehavytd) aUdid aUs Ude Wda0sUsi ¢
cye@gadsot 3 Usaoalbosely Udrmkidl esdesaUgltddellpe HidaUW ™ i e
GUes i1} 6 U cype390e gualUy)did

gU " UddUsoa¥Y desUes¥Y GglGUeeUUU bUGosesheUsU GUess

U esliatiegas Uds desUse dUyehUqUU, ¥y asees3UUs U

9 EgaUeoddl@Wdyw; Uaegd
T EgaUe OOt gy teagd

1 EgGUeg Udldle 3 v ehy3 di g[B3i[14].

2221 EgGUeeUOUU o0eUlGeg Tyjlegd

qd GiaUdeU yYeUOGeg oyjliegd 64 asl0U0Us Ue Gi aUde
UsyyoUsU, d 6 eaU GgeeayoUUUs U UseaoelUUU o
dyjy eUsadd Uyws edlUerBa.UUs U UU UseaoelUU, osaUUYa
GoUGUUGsea80deysU, Ud s U UsUgielUsad dUjesae
dUjyeecry qUsoahUqUUg), Uds oaUUYeaadoed dUjcsoee ~}a
s aea gUeacs a3UsaUd, 3goUUJ sB2UasihesUsid])d e slkaeYs Gal
aUUY Usgd dUysscid eges3ld.

¢ aUsUsgyoaU Usg GgGUeelUsd bHUGasUOUUs GUs ((Us
Usy)oUsU UGgeayolUUUs U ' K Usgd gUeas a3Usald, Uesg
elUoUai UUjye eyj36d Udd, dyjcadipgghedeligs tobdd Us
Uyj; U Uesg e6uLyeg, Ust eyyed U eddali UUUs GUd eX
syeliyd, HUU3s UgUY yeegs U Ujyee dUjececry dUsahfhUc
cyJe390e guUyydad.



gU GgalUeelUUU vYegUdisg By ssgdaerydlecastiv@lUs aUs |
23,635 disee 896i3 Usgd G6tLjegd ~6g aUUUaUeb¥YsUs
"edealgid oaUs Ud usUseee Udd desUsed dUjeh!
cUlisUGeysU, € 63 U0a 30 U eUUayilegs e©5U0 “goai U
UBy oUsUsed Uszesoeahedidd. €8 dyjyed, Us eUo¥Yas
UsUssebesaalU "e6g eU0U00UaulUUs UK UU Us¥YesU oaUls
U0aUaxd Ue3s easa.

Ce

Co

Bs " U;¥Yoes3UUd "eg oaUdsjasegs Uds aUsUsgjoal |
aypd UaszUs:

1. Bs eg¢Uo¥YaUd ogYess3Ud U siGY3sUsUd GUds 3hHUsU

2. ¢ oaUsUsgjo90e UsYydyrid Urs UaGxyUUpse13 a6t
ey oYsrvad “3e6d 3hUa.

3. ¢ eUo¥ad dUjeosoae e¥sU 0GUs UGxUU;safh Usg o
e eolUte gUU U HUBEe de ejUlilblegere Udd dUy ¢

4. ¢ dUjesoe ~j3e0UU0GaU GUds Usmidg.oee ~aUgy ¥ C

Knlokaipivoc
¢ HAoc

Xsipspivag

'H}.lﬂt}\. |

fvaypa

Fce g8l UddUsoafh dosUsafh i giife U ¥yel

2222 FgGUeeUUU OeelUlieag Ty, tegd

U UgUe Ud oUUdoc) aigopy®gdaggeases UasbesaUUUGS
"H geseY gydeed dUjeecey) qUsahUqUUd K ¥vd Goagy f
scUaU "6g " Uysycegs 303 e Yoabes dgoesslbafs a( glbesoechc
"eUUasi 30Us U f Ussece 6osald UGgsug¥sghslsUd
UsyvUUy 90y, 030 1B8chEBUG@WUacdUY0s6 € 63 Ua 30U Uas

UsesofhelUsas oaUs 3U (GyyUs e836id © Us a6id glUas’

Co C

Cc

9



yaUocaed , UasUs Us"”
"3 e0UsUUesas0c¢cai y
adUse

e O0UBosbYecOUUS

Bs desUsceca Uesaces

Uds desUse Usyy :
dU0y e hU0qUUd GUsgd o6t ) eg@U) #ZdidB80 K odraraiWo o e e a dls o
a UUecda®aally Uy Usosesd U

0gaayoegs

Uc a e e dd O &HeOMiglls” O de3Y Udba U ahe U
Us¥es oaUs Uds U eUUesUiUs. ¢ Usyyo0sU UgUe, i
UsaUp; UYUUs U H Ues geseah oaUs Uddszyvdddg Ul¢gote e a
U sG¥YsUsU oaUs “jeaUala
GL}BQ.

UZiUpygdU Udgg dO§ t 06y 98¢
yaoUd s aUsUegyoald Ueg GgtUeelUUed UgUesi, f{ v
alUs Jidesid 8 de W figdeeybsy Cbgz aG U g 3

alUs " jJ UsUsay¥y uU
ctje eU (Gglsoee ogeaasleyal

toUecryasea3lUUs.
eU Uovoe

Usg Uy U e 6y Uc
eydU U fh Ues Usaca.
Bs Uscaces dUjesesed Usddealgl

f U a6a Usaceos

dd ¢ 63 Ua 30 Ua
eYes Ud
sU0U0UG e ged Usg

(ed dUjyeclslivrssoaed
T Usacago

ZeeelnlslY (R.c4d0UUaasi cUscs
eYeUd dUj e a0 oiliMiched)oe d

Ka\oxaprrog
g
\
1
i
1
1
SRk '
Hueg \
s
H
4 §

.
>

b
\\N
\\‘\

.
-

jeed,

U K Uec
Jjeed (Trombe

E

._——-——4—'—"—'“"_”’Fﬁ-'-—‘
Fcegdl BUddUsoeh desUsh Gi-Fldsl gUedely (
U edea tBlidd

B
U’ f
“jed

UG UC

dge’

agevyYU~xs

10

at }Joasgd

edeUsslehd dUyeyvysaUxd Usg
Ud dUjesse Usy) oUsU
Ud s L°J vyUU) s0®

"eg 000Gy 0OU
Uj sah

Ueag UU G4 Y 30lyssl 6 a)
G g 0 sUsai . B
L"J;el’jy;UU s GUs

[oX§
&
=) (O]
(O]
«

Usacad
edeUsstlehd o6jye3soaed cU0UYd
Udd UsyUUj;seed dUjescoay UaUd 0 U



o

U vilelUs Uesg dUjyeooei oayjlieagd HUUs als g’ Yy
U sUU0aU0®dBUalry eUstdq Usg 6t}368g crvyad Uds e eld
U3y o[hed [0y

223 FguUeeUUU U 6ee3vyeysaeg oyjlisgd

] gUfBd GeclVlisU0ehd 6ydiosece 6olallpdeseryw s clUgs
U sdeos @pbdloed dWQselhyllalddayde cayyylag 3 U aUUUGaUgUGU
eyyed Ushd 3yeg oaUdjasg e +vagUs j ejifdaelbsU Uil oysstl
saaUsidlUf 61368, €U eUo¥Yas “~ecugiglfe odgyYdosasddo Uy eoy
dU; e UBHE OB GU hec Udss wdlia) Bso Biydigre Wppdaiy g u U
ey pfesU Uds "~ jeldeoad UsUestUey vs3.

FUds ostUssoeae “"Uya Uxdd, 6 6Ljyed dU ‘(jopp’UUs 30 |
bhy UsU oUxvoy UlsayY ~a¥YUd). ¢ ov3alloeiUsciey sl ~ 6 d
yceg3 osusUad®pPdqUdgeeltglledd Usg GgGUeeUUesdg. BUy
gUas a3UsalUd Ggoayocgs “Uys80RhHUUVUyd dUpeplUquUU

“"Uys80RhHUOUy d dU; ehUqUU U 3i6U0U, € 6j38is3 30 aU
"1 eolecgiscesdslgdy 0 scUGUR aUsy h. B a¥YdUUed gUas’
Ui addd dU; ehU0dqUUd Ue eUset 33U, AHUUs d or3aU Usg
UasUs " Upst0GhUU; e UsUooaUaU, oaUs UasUs “~ 96 Ui a
dU; e UqUU aUdt d 96 "gage dJeUadllh BehU ¢ Us ad.

j Uy UaUdyoatlUsay "UpUtUVUaoeUUU GgiUdeyYUyxs U @gea3:
L },89e 59U Ug sae ls¥YUUad Ux32530W adb elislbaes (U 98 WisU
deos Us Y, [161[X9][20]0

T
T
=
2N L
{ ¥a- & r ‘
.._)» N 1
v __—) | I l
| — ‘
b r—' L | |
A o | f——1
E\{umuuruusvoc { » ‘ é‘, [ - :4 L
X@pog CT (il 72 ~C )

Fceg2bl YUddUssah deslUsfh (i GUJdHBIB:daz
desUafhd,[28)L ) 6 d

11



23 8U0ddUsay¥ EgaUeeUUU oaUs ¢Ucs3soayd 0g

UddUsayY GgGUeecUUU UyelGslicai dUvyyei 3UUs UglU
dU; e UqUUd U sUUaU0UaUUs €U Gglsesah Uyh &l ec¥yad
"UddUsea¥ GguUeelUUU UselUUUaaUi g3U0Us Usd silshUqU
aUdi d oaUs Ues " e0U3sUUcscesltgh Ulddg c ®ddw ) &g 3 a1da
"UddUseed yiadd UUs "3y Us 30 U3s3Usel0Ux aslUUUSs
UeeeU Usgudf@Bmgeitclleg aUsjyasg aUs GU GUU3e Gglocy
Uss Ujh 6 6jeiddd Uesg, Ue saaclU, oo’
8 8)J9o0eadi Uxvx3s UUecssoat 3 alUs GglUdeyvyUx
cUusUBUssecsid YaofgboasU goepos NU
ayytid, U pablad aUs U @8y htidad Uxs dUjyesat s Us
"aUs3Y¥segiUd dU;ehUdqUUdg G0 "~ U0U)ysbUsasslUseayd ~d
U h UgUed Ueg oaUsjacg. Bs 6y disee e8s6icecUsld
Uz Uaclelee sUy; fh  6s eU0UYUelGdd dUyefhUdqUUd UaszUs @ @
dU; e UqUUd Uds UsUssebeaalU (yiad €U UsaUsscbaa
eUU0yvlUeldd dU; ehU0dUUd Uds UsyvUesid (yiad €U Us¥
dU; e UqUUY Uds GéggPowedle BUyaUlGed U Uy h 6 eU0U
Uds UovosefhUdqUU (yiad €U eyead Ueg UuYlGegd) .
Bs "898 bUlseayd UsUUYaUsd aUs UUecssayd (Gglsaai

1 sugloglgoaldend

1 dEealUld¢ad®e gdeGUUGaU

T dQi 3d cAEFticgd

1 d?gaUUj®B=xsebeaal

1 98 A3 UUc¢c o e & § g[a6h[82].
231 dglsahd UUyslehd

0gdafd)) ofiecths | a ¥ 3s Udde Mg UegUc s G iUy p8ciOy O
aUUvyaoalgaasogyYWws ad Ud ej3eld GgadUeyrvrs, OU o«
dUjy ecojdliacn Udd "~ e9hUqUUd Usg Uy Us Wardlidddt v U0y oo
Gdgooeys3Uyrvridd Ugfomwade,i grxyBalteliced aUs yazeltued Usg
alUay; g9ad0o0e U0 @Baddindddds s Us Oy dlve s i o (DitEtiory 3
exfiltration),[23]. | " e UUa Wale UslUsahUUy d oUs GgaddyalUU;d
Uyeldosteasi, UlGhoes 2a3000s1cVadepl bdEly 36 daerellig 4 <

12



U seYoaygatddd Udd dU0;ehUdqUUd U h Ue aUaysse Usgd
U sUUgedUa €U Gglsa¥Y ey0U.

zU0 Ue Ggliadfh uPssUgocy¥sealUUs Uyal ") yYoeUUU:

T J eeUoay}is3UU0Us d dUyehU0dqUU U h Ue oaUayse "} @
69 UsyUUysoayd dUjeego; UGaUd Ues U a0y 6gs

T J "eeUoay}is3UU0Us dq U eddalUgeysd dU;efhUldqUU U f
(hUUs UgUy U eUUpse sdlpe 46§ 4ye U)

T J eeUoay}is3UU0Us dU;ephlqUU U Ue Usdyt o368

Ui adadd Ueg U s yitueg dUjesesed ¥YaUuddd Ushd
gydaeyd dUjeecoy) UGaUd.

A3 oy3Us 6 (Gglsehd UU;stehd, Us¥YaecgoUUeU Ugs (

Uas3 Us:

T poaUe Uyed, UsUeyiaeg ~UyUdijr¥s aUs Yoeavrs Usae
f TUUUeahygilaed (GUssheUsa Gglooagi Usaglieai,
Useosoe¥YUrs, oaUessayYurs © "ijors UUysleasi)

f TUUUoahyglied Us gdsghe »a,q2dll" f

2311 s Ue " Unygeid ofyg sGe hd ( de3lgaelilbieads fed)

o o

poUe Uyed UUystehd U sUgoec¥3UUUs U oaUUYaoadeas

ayaglaed oaUs GUsd UG¥vyUUysayd Ussece esald. Ugy o

GoUcy) atGUsal 3 OGrvU0U) a0 3 Usac¥s U sUy ¥y 6gs (
UadvUU) s06i do cUqdas glyf eeUvroy gsadd Udd GgabGyy Ugeysdd

B tUsUe Ujyed UUys8ehd U d3 U¥eseUUUs U Uds UsxU
Usg oaUsjaeg GU Geyidd U Usgd U 293 UUsi 3U0Ud Usy
Uss “"coaUcslecesshldIeGRU) by Wz HhHyinslls tosUgosai 36893
UaGeitie Usg Uy U eyaU GUe oUaysae. YaUgyssasa Uc
e 638i3 30U UaUyyyegs Uesz yYa3Uee UGrvUUysay aUc
UgsUURUqUU Ggu#delUs Ubeply ety s boavaUdad ys3r U
Uds e6sealU aUdid tUjyetaslUs ,RE5.GsaU0) vy Us 00U Ui e
B 3gcUU;as3shd tsUe Uyed UUystehd UasUs sltusUalU
Udd dUyssed "~ Uypshlieg, osutsUalU; U Usd dUjeyd d:
UUOjeshtgd U3 UasUs dgsUURd. ¢ U Rueld Ueg UszU; 0¥
UavUUy saed oaUs UsvyUUjseed dUjesoay UGaUd. yua
dUjyeegoay UaU, URGe “~ 96 U 6 UEhasWia WUOLapd sUdxda di

13



U ygedei s et JUdaxUllggoastioyasg, U sU;y e300dg a°L
UstyadUs GU UgUesid. ¢ osas3didd Uesg Uy, U U ¥oUs U
G

es9oY GUsscUaU Usg oaUsjyaeg GUyi13630U0Udg Usdg U s

o

eU U egUyalGceU Ud gdUdasgy asdsy asigYjpddis][Zais U He Us

AstuUsoalUsoe¥Y d jJee Usg Uy} U eyly UseBoe&yUrs aU
6

o

L

A

Fceg6l) 3U Uy yaUUGd jeed Uy U ey U:

2312 bi yoed UUysteai

Bs dUjeagoay Ulos Ubsywe OiddU (Geley JUG ¥y UUy; sah oaUs Uax Ul
Udeoseg)oeia UsUleyyd ~geshUdqUUd aGUsd ,UxUat Ussc
aUsUesg}2aU0 Udd GF esmd@lffolidda ¢)yUidB@a GWs>se 6ot 300d U
Usg (GglGsesoaei Uasglesgi, oa30Wa@Use dlyde HBU U)Wy as
ideseg) oUalUs ; UieU GUe UG¥UUy9afh Ux3s L) ¥3, ¢

aUsjasg.

Bs oaUegs3yYulUd UU;sGesgi y¥ecegs oaUUYaadeas Y3esocelU

LGU0U 30 Ggoeayoegs UU ygey ¥ 3 Uée®WUGBAss slls A @

Udd epBUddldd UGyUU;see dUjecgoay UdaU UaszUs gydeahU
Y

;jc0OUUs U UU cUedahUU3 U UseaoeUUU
h UU gydehUU; U UseaoeUUU, "8g by a
[16],[24].

14



FcelW @sYUU3zd i pddglU0yv@vEEd j R4d

2313 ¢asUse FTUessyulU

Uy haUsUUs 295U a2UUUGaUge o UsesssYisldgig Ub sse” cla b (ivys)
UddsU bhHyUsU o2UyogylissvvsVUaVWldsbgsUesogesUssecEd) (
aUs a

dasUsafh Usaca) 0d GUe ¥Ysy UegeelU UgUed

¢ aUslUBggdoalldd 6 salU d UANWEGr2&8GUEd s WUdxs0 GUs
aUs

GUssheUsa Ventur i U dgebyYaaUs U eUUaUGe UU
U ee¥Yoajygalid Udd gojy UGaUd U Uegd UGyUU);secid
dUyeegoay UlaUd Uesg Uyjy U "e6g “jeai UUs eyaU aUds
GUssheUsasiodeg Wegeesglgdiis 6 sU0GURY Uy Ud oU0U0U0g

"Uyesb¥Yeaes eU U egUyalGeU 30 U3U30L300Us 0 (y
TUdid U sUgoc¥aslUs uUsUjoee UsUsyxyidd Ueg UGx0Uy
GgssaUyYUUs aU "~ Uysseceyd eUU0Ugydoe ddl0dmswe  Wpg
[16],[24],[25].

<IZC>ZI>
V Pl
<A

Fce8poayYUUsd dosUsed oaUsssyuUd o Uz U

I—j

15



232 EoaalUld aUs ¢ase 3 elUUGaU

¢ dese 3 80U0UGaU UasUs esU stusUalU; U us UUOUGsy
aUsjaeg U H UU dUjyesa¥Y oyjlid. KA sUgeced des ]

eUavld Ux¥s3 desUst 3 oaUjltdts GUes oaUayse eyl Uxa
GUesscUars UesgoevUailéediddd Yidesdd Usg (Gglsoeaasi I
Gty ¥3 oaUs Uds “3e0GUUGaU Uxs Useaars U K U9

UsUssebasaal.

B bUdefhd oaUs 6 Ui e6d Udd UsUooaUaUd GoeaUldd Us

Us edUBaU oaUs Ud o2U¥Y8QGUedlsb; deg UlssgeWdibffaUs 3 U
aU U sUgoc¥3UUUs U Ud ecjyedd GasYO

U0cssoeyd “~6g UGU;eheesUUs UaszUs UszsyvyUUjsayd e |

desae ;e U0

dgsltigUGesea UgUL 3.
gU aUUdU; Y GoaUGU; U ¢ 6389085 3sdUPUdald) efaeaalls v
o9i 3} 96 eUse3ayaldelU AUs Ues “"60fh Udd GeaUGdd Uasl

o

Usg ®vaseg GU oaYdU U ecece oaQdU UO0RJy Gréisgian ¢ U «
Usg oaUsjaeg (295U bRy UsU oUxoj3 UlesayY ~aYUd) yaeUs
GU0d0) Y GoaUGU; U UasUs, Ul agsdhb@iddedls UsgUhl U

2

U0y Uds tUtUosYy) oaUssly U geesdoglUd&8davs UssetuasUUUs

st ydadd Udd desUeed UsUseghbeoebddgedsatids o Usc
e Uy y UWBx.UGd Uxs utgUsoeait s oaUs UsUUseassalt 3 Uy
shUs 6 evased aUUY Uds UsUUsae olideldd sigi Wa AHh a
Usd GgooaUsayoeya3ld "~ Uyps ULtUsd U3ulUasszgaUUs U
UgUY, UsheU oaUs GUsd UstUuUsoeysUd dyaUsd Us"

o

isYegUdd UesUssebesaalUd "eg Usly}; cU0OUUs GUes oaUay s

Cc Cc C O

Co

Kahokaipt

M%

Xewuwvag QCDDQ\

Fce8psyYUUsd @GBB&UUgieg GU 3[BAsa

16



gU o093dU¥clop@it®) ¥U UasUs UaUU gl vty el ys alra UL
GoaaUGU; U € 63 0a 30 yeegs “~9e68 cUesdefh oahtUsd oU:
Usgd herd UVUasUs as0hUU;e U gUUaUGcUUsayY G0 GGy
eas6g Usily) cUUUp) & UlBd OBigrdlg 8&BY cd U GoaalUGU) a.
eds Uy U0Udy 0alUs Uisdiod Udd dUjesoay UalUd eyaU
ea96g 3U UsUsaYUUs “"¥Yas “alr eylGr Usg Uy Udiyc
U sUU0UgedUa, U eeysvyd y3Wodhg) cdgU Ullde ; q adidawld ©
eU0U0UGUy d0a g K Ud eaey e dU0pephUqUUdg GUes UVGxU0Uy

RUOUs g ¥Yyeegs UGxyU0UUpsaY GoaaUaU; U0 uwlUs "~y Us

Uy UaUdyastUsay¥Y o293dUY GgGUeeUUU UGrvyUByYsoaed G(Goaa
gU UzrvyUUp9ayY GoaUOU, U U elUalegas AHuod UsyyoU0sU vy
Uy U e6U0 "98 Uy UaUdyostUseyY UGgflspe UUU Usdg UysUU

¢ ejeld Ueg UVuvylGegd o950 Uds yiad Uxs a0
dUj egoa) UdgUdU; UUdy UaUUs Us¥YeUOBU GUe yuUGed U s
U0y Ud usY}aUsU Ueg oaUesoaUsyssi, d dUjesoay Ula
U0y "eei cUedeohUUyd U h UgUes Uesg "~ Uysb¥Yooscs|
OU0UGey ¥ Usg ~ oaUcsaivgdalagd Ubl) codlomgiacg GUe yuU
sUoeieUsld Udd dUjeeoaj UtaUdg Ueg UuyYilegd eUst 3
"e0eBUR goy UGaUd "eg Ue UjyosyclUs aUdid aUs U U
UOcssoeayd 205U Ud 6jydises cgaduddliesg Ouvyildegd ¥d U

® o N

¢

T dyeUaGd oej3jetdd Ueg UuyYlGegd ~e6g “~ye8h edyUUs
aUsjaeg © Ushd ey sy §éd oy Pe dJg” FlidGEds
TUs ) av¥s

1 dyeeUGd ecjeld Usg 36 Pd & #issU ot 3 (26128
2331 3 RAaGaUKeYgsg HUaFUGUs U

¢ aUUUGoaUge g ROGoaUlGrs ®© deosg HROGaUlGys oaUsjavrs
elUaxvdd Uesg ygoeUsoaagiolidydamags FEBs adldYvwatd Udd
UorosehUqUU, eyar Udd YelUGdd U UlGed Uagg Uy abat
7UUY Usgd dUPeseygUdedUf,; alloUUUs GU Uy alUY 6Usc
U fh Ues UsxUUyseh "Uysb¥Yaaes alUs, Ujychelsze a0 U
GU0ds U ee¥Yoaygstd Udd dU; ehU0dUUd U Ue oaUay sa.
Us yuUlGed eUsit3Us Uggddlpge ggwd HU WaBHF$oc3 . EL
"6oi ygeyeid eUset3Ud GgsstUYUUs d dUjyesehsrid

17



elUs13630Us 695 dUjesayd U 1a0sU0d “j3ed Us yuUd
aUacoaUaysU GgssaUyYUUs 3U "~ Uy Uewps s ¢ Wdlraivlia Udd
dU0; e hU0UqUUd U0 UoxFAU jiag Uhel ywsBderd .a Uds U siGy¥Ys U
U0 6 8aU bjyateesUUs U dUjesoay UdalU “e6g “~adis’
0g3sGUYUUs " Uysel0U0Uysoe dUjesehsyidd o950 Uy U
dU0y e fh Ud 6 Ugd, [16]@8].

2332 3 UuY#omUdEolrot &£ oo Y &KWV¥Ee ga ) U)

"y halsUUs 99U y3U0U GidU0deU e0U0Usa92013 Uosvol 3
byde®egUpvr3z0 Us @i W0¥qelly WelHro OUUs UalUU U A
“"UysbYeass (UsUsBywplUdds dJaalaeiddelhlb ol ehU Ussd )UG v U0
Usg oaUsjaeg (UsUBpybUdggUBUOGBEBgdggoaal eUUsd) oUs
tasaUge Uovot3s eU Ud, bpedds0UdyEd@iiem 8o

dUyefhd Uyptygesicy Ua UzUhRd Ueg Uoroei eUUUUauU
gaUorvoe aUs Uz¥yUeslidq (UYs Ue yuUlGed "~ UysycUs
UedafhUU3d d&pPscsadlplirgw UUUs  UsY U Urosyesdes Uy g cleh Ul
i G0deU aUsUsgy)oUa oaUs Ue cUset3U, UGgeb¥Yaaass Ul
ayv0U0;906i Uy U, oaUdid Ue wyuUlGed UasUs Ue cUs
Uy 4 [D6],[28].

® Co

Co Co

FeceeU:@aUsd Uz Ue alyeUl oleilraitelhedil6].e g @

234 ?galUU); ss3e jaUssebeaal

yaoUd 65 UsvUU)seayd B UskBbBoeld 30U w0 )e®haldadns sWUY
Udd 3ieUUd “j3e6d Ues 6gy) Usg,Uigccd&eaplge aUxnadla g}
aUdU; d UasUs 8 e6gjUshd (e¥yjyad Gi330G§U) oaUs H{i
“"UyesyecUs 6 Uy Ud, URGe eUoUsi Ullg sy da@dlEs Us 6

18



GisaU 30U Uas3Us U egUUaUlBeUUsoae d 3gcUU);s3e UaUss
UsUssebceoasiglydllicggedgpUsasi. FUUY dgsy UsU, 69 c
UsUssebeasis Us eUoUeai UUje “eifh dUypehl0qUUg. A
UsUssebesaald 3U UaszUs yUls aUUUGaUgUGeysd, 1t aC
Udd dey) Ud dU; efUdUU 30 ewpdllddgdda,igsplifgU0p@lY s
aUUUGaUged, “3e6d Uds UsvUU;s0e U sG¥3sUsU Uasg o

A Usitie "~ JUsaUsoe¥ d 3gcUUjsse UsaUssebsaalU eUo¥Ye

U Ue oaUayse "j3eh edyUUs e6jyele ec¥yjad ehavxvad,
U Uy UaUqUd el Usg aUsjyaeg U Uds desUse U
Udd deyy Ud, Ue GiadU0UdeU Ujcelsleci eyly 3geclUU) a3
9

Ustisae aUUUGaUge.

gU Og3ddyaUU; U0 0GgaGUeeUUU 3galdlU;sebbfooabalysas
UsaUsszsebsodde ydaa'de diUds 69 @deck Belg s[g6fdipds g

235 A3UUesGUsafhd wjelislehd

B U3UUestUsoafhd Uycelslehd 6y diseas esUa Ue @GU
U Uovoe Udd ~aUess¥segulUd dU;ehUdUUg U Us
“U) obYEadd) sccgo¥ Uclsdloe goy UlaU, € 63 Ua 30 U
eU Uds UsyvyUesld 3U0U)@6i.

B Uy, Ud, usUjehelUsaed U H aY¥ 896 GLeU Uyei oaU

3

yi ¢ Olddis Ue a8gUasglUUUs egU giuy UUesid. yUUs @ Uy

GUe oUday seaUlysc slppell e G Usoah Uy etoslefh, Uzt AHUUs yi
U

Uz UeayYalUd, URUU yeegelU yeeUlae UzUUestaUsafh iy

@®©

gU GgGUeeUUU yiadd U YeUlGd UayvyUesld Uga¥Ysags
UsUb¥YeeaUUd Ud GecUUsosae goj UllpdlgUegUdyg); 8U4egae Ui
g2 UGaUd UgUei). jgUfh € 83 0a 30 UasUs U egulalh
y

i
Uy U U3y 130 Uas3Us U Uyeed. jeastd UasUs lUgs3UC
aUs 30U "U;U0UdyddUa Gge io93vld e OGcdeddmiiehd ca
Uyjelotesai ~UysaUehby¥segs Ud cjyedd GrevyYUxs 3Uyai
UadvUUy sayd Ugeyd oaUs UadysU e aU "ijoegd U)elos

gU GguoUeelUUU yeelUlOdd UzUUestUsoaed yiazdd bUlas
dU; e UqUUY, hH 6g UsWypUOPUse6 UpfadpPesdlfg U Us!l
“Uy3Y U H Us “jrvyUUies oiosareU GUes 8 6ae ~J Uoe
UsvUU;sahd Uyy Ud "0Up3sy U K Ues ulOgUU; 0ies oaioax
Usg UsyUUpseci Uy, U cvyad ¢30k30pyiieyy Wgdosgai U

19



o -

Uyjelotiesdi UasUs 85 UsescUyd oaae3U0d e6yeled oaUs
[16],[29].

24 g Uee UUU oUs ¢Uczsoayd uOglisacgi axU

B (Ggudseafhd GyUstehd GUscUi Us aUds U alUgszd 6 U

aUs GUd oUssohWbB; digbddBaszstdisUbaxiddd eyaU a0
GgsligY¥eeaslUUd dr¥d, dy U, UgsUURUqUU U0y stGeai,
UstUyehelsadd desUsed Usy)oUsUd. tisUalUUy d @o
dgadUdevyUys (GglGosoaasi GyryUslGeasi yelUs d oaUUY Us U
U UsUelU¥s GU GyUslGeh U R Us (Gglosafh Grd, Us¥Yes
Uy oU08aU0 "eg U sUUaUaUUs eyGU GUsgd 6L}6gd.

zyliyr Uyx3s aUUYeadevys GgaUdeyYUy¥s oaUs UUcssalt 3 U
ctjeagd U Ujyeed "s0hUQUU (Gd&ded dstblUoiese ), DBE
U eGlUi o83UUs y3Ues3Ud tsUlGe)e e8setlUsd Udd GUYde
cdyYe y&ddghte d U yYyeUsU HOe aUs d aUUUsesee Usg
oUxvyeUUysayY GUescUaU Ueg L3 eg oaUs UxasaVWsesoeY
Uy UaUdyoatUsay¥Y Uxs UusU

GUst 3 U 9GU3Ust 3 (G} ¢
(G¥yUesusU Uy U0URUqUU / UsUse 8

hUqUU) .
Zi 00UdeU (Gglosoaai G¥yUslemg G eddalWdda s al 3fg a6

glae a3UaU © ¥Yeaeaes GrUslisU U, 0UK GUescUas
Uauosag
s YUU=zd Gooladlexsah (DBalde Uae UaUU Yaoas)

g¢U GgaUeelUUU Gglooeaesi GyUslesi UsUsjaszes3lUUs aU
f BeaoeUUU GUds oaUUUsafhygid Ussce 8sal

f BeaoeUUU @6j6iled

f UGady sU

f GyxUUoa~¥2ca

gU GgGUeegUUU UgUY UdgsltugY¥sealUUs g0 GgooaUsjoscy

G®usUGeh Uxs UseosoevyYUxs, GUsd 6 Usoayd silishUqUU
Uy UaUdystUsay U sGUsUsit 3 Ueg 6L}eg oaUs Uxrs

GyrUslisU U, UURUJUU gesat3) oaUs GUd epedad UsUa:
U vy oaUsUd oUs ecéiBgedgéboBssdiwedlhd. Bs Ggaddya Ul
Ggloeoeci GyUslGeasi UlGeyeia gUeas as3UalUd eU Ggoal



(e

Cc &
w (0}

(a4

e

sU Uy 00Y GUescUa
22U Us a[g0H[31]. Uy G a i

ee3yUsa¥Y goaosa¥Y

21



22



3 ¢ 8 a cTeoghbe-Michel

-

31 Ussoe sUsUesgyjoal

O Ue a drombei Michel Ua3 Us y3U Uy UsaUdysaUsafh ~ Uy yvYuUs:
U edealUgldd ~e6g eUalUUeddalU 0 FJTromhgeeadelU U3 Ue :
Uj coaUya WeellUs g Uy Ugs dUs@NR.S. &€gntrdl Nadiogpal de la

Recherche Scientifique) . B Usaeed UgUhd UVUGU; efhaGUdal GUU "
“aUs Odeifiolila d G UeaaaUd Us 1967. Trgmbeli e lic g U
"H Gge Uoe Usace eUo¥Yoadd dU) coembgaWee htddUuUlJ
i Je 6)LeU, dgsedyd eUijae, GUds UmncbU; see Us
¥y 6Us og¥Yessd U slGY3sUsU. EUe “~¥Ysxy aUs oavUx ¢

-

g tUsUgesaeissgs Uds osasdqid Ueg Uy, U, Us. dgya

Cc Co

QLo

gUas UUGaasg.

¢ o8lggplbaU Usg UGgGUeeUUsd bHUGBasUOUUs GUe (GUsshe
"3 UoelUUg @9U0alUUs U Uds oagoeacsilejalU Usg Uy U act
Usaece oaUs eyGU U Usd dgjaulUd eahoy Udd usUla
dey) Ud, AHUU3s @UBsosB@e gglisdm, dUjeUaszUs Uss Uyy U
G0 UsYes aUs Uess Usace. B dUjyehd Uy Ud o093 U0aU
e UasUs GUes UGrvyUUysef ctye. ¢UgUReye3U ygey h
GLj a8, € UasUs U K Bdiss osddWdw Udrg jUslt b Usths "B g Ude sc
UsayY)}aUsU Udd 3iecUUd dq aUsUegyoaU "~jeGUsit d UsUs
“¥3y oUs oavYUxy oUs d dyjeUsiad U@ghuselydegg U sUg
U eddoeUgeysddladl)@Gaddiaeddddi Us 3 6t § @

g8 oaUeasoaUays dq aUsUsgyoaU Ueg Usaceg Trombe U:
Uzt UUgUhcimasll YWasad odep) at U0dg g et O @lagg gr d Ue U
yjed yUGs (00U 30U U eeUsy;i3U0Us 6 s0GURG Uy,

giUee UUU Udisnadldp B sy haUsUUs o9sU 3hRUse "~ e UsU
U goeaUstUUa UsUUatd d YeUOUGd "3 G UrxGd Udd desU

™

Co

¢ U sUUaUGeUUsafhUqUU Udg U B8yYdhHhaGgeddsdaW,s U
dU0y e hU0qUUg U303 UYUUs U R Us¥YlGeyegd “~Uy¥YoesUU(J
1 "fhHOGBaesij e UVUasUs Us )t eU
f "hHOGe ¥YeUGU d U sG¥Y3UsU Usg UsUsaUseyszasg
UsUssebesaalUd “e6g Uds ecUg’ ¥,
f "hte eUU © UsUUsUsaUGUsse UasUs d U slGYs3Usl

23



1 Uds dUjesoee 90U3s3hUqUU Uesg U3zUsaUseysasg oalUs
Usg Us@golUscys
f hoaUdU)hhzs Us Ue ogUesa e j a80UY[16][38,[34.3 U Usaoc ¥

3.2 s YU P e d cTeognbe

B Usaced Trombe Us 6dU{ledUldeyhidibxi U0Hs sq Yems =
"Uy 0ebyaoalUUsosyaWdeg.obyYfd oUs aUd GUyyd Ueg Us
dgy aiddig GUes Y3y eyjed Usg pYUs@e UdigiyU hallblssd Uvaa
esU dgjaulU d e eaU beddyUs GUds U eiGhy Ustid Udd

-~+—— 3_avw Bupida
cEQEPLONOY

5. Bupida >
anodopTIoNg

1. Toiyog
BEPUIKNG
amoBnKevong

2. UoAOOT Q00

= 4 KATR Bupiﬁu
EEQEPIOUOU

6. BIAKEVO

Feeecll ¢390 soae UsYUUaz(d33Usaceg Tr

FUBceeU 3.1 "Ujeglos¥Ys UUUsTranbdh (Bgy wadls WieeYBU sad clb
U0 2ij3490 eyyd Udd UU 8 ealU UasUs:

1. 6 Usaced dUjesosed U edealglidd

2. Us gUeacltUYUosa

3.d Ysy dgyatlU Us0U0)sbeai

4. ¢ aYUr dgjyauU UsUU;slceaqi

5. d dgjauU U etGhyUsldd

6. Ue lUsYoeUse cUUB®bL @YoaedgUidWe g s[23A],[3B]: sdeoaUgld



321 ¢eaced UUyesoed jJ edealgidd

B Usaeced dUj esalkds WWJaslfae alleg G'dage b UG osoafh ey aed ¢c-
Trombea Wba3 Us g Ui dgsed o250 Uds Ggeeasoe aUs U asde
G0 UG¥yUU;9afh Uesg oaUsjaesg. FTUUY Ud usYyaUsU U(g
G0d e¥eU Usg oUs Uds U geguatiUs GUs UG¥UU) 90fh.

Uscaceg, UhGWkaselsss jcfhUllgWoi eUsld Udd dUyesoay UGalUd
aUs UpGe eUoUeai UUyed UasUs 6 6y hsed "~eg U UsU

J esU "~ aUlgy Usg Usaeceg GU(ds aod .
U Od U Og; ¥ U U Uds ¥Yoaad

GsaU Uds U seacoe U¥x¥s gessat 3 alUUGGWgedelwd Usa
"had dU0UpehUdUU € 83 0Ua y3U gesaf 3U U eddali GU0s
eUU0U0U @WsesdVUyensa¥Y Uy UaUdyostlUsayY “jcellssgyasesl
stishUqUU(G:

o

1 YgoeshtdeUBady YeUs Ud eY¥sU Usg gesoeaesi ~6g U
hoosgly yUUaidsUsyiWlea Hee ~gosh UasUs y3U0
“"Uys80RhHUUy d dUyehU0dUU e 63 Ua 30U U eddoalUi aUs

T UUjeooe UodoeesfdqUU) cHitieeyjaosdle; U aUs Ui sagal
q dUyehUdqUU 30 eU00UGy) UUOUs eyir Ushd gesos
6 G Uaa0Ulbiayly dilVy egoay) UaUd aUs o2a3U00Us U ' f [
aUs "~ 96 ygey f.

1 Kolsoe dUjeeghdqpP®eclts s hUqUU Udd dU0; efhUqUU;
U eb¥YaalUUUs e U @)} eiYUUs U R oa¥ @9a8 0OLeU
eUUUbaddUa oW&Kein. y3 U bUdeh

FgsU td e Usaced UGgsedyd aUUUGaUgYsUOUUs U f g

bUyoayd "yU;U0Od. EBUesgd Usacegd €U bUyoayd “~yUy Od I
Ujetrs U GgsulUUseah e63aUeU, 1aUU 30 U eGUi 063!
Ue RtiosU GU0dsdWoerfpledq Uledd ¢U byaUstGUU “~Yed Urs
e U0U3450286m. ¢ UszrvUUy;soee “~aUgy ¥ Usg Usaceg bYGcC
30 Ua3U0G0GUaasUUUs d eyostUd UgsUUe U 6y hiadad d
U eyjelY GcUOuUuR3 Us Gi 3esacUsleamh osy Udaes o aliY 0@ Udle)c
eUo¥ae UeeelU Usg g Uysittegd GYGeUUesd Udd desUs

25



322 3UaglUYlOo9a

Os3U U atdd Gde Uz UsTadnbeMichasa 30y s agliege 6 U¥YGsa U
Ugdi 30ldgs dasldepgdéddd UosUsadbe daBd UBadphe ee
dUjesoeed UsUsszebesaald U f Ud dUjed3l a3dFadslU
aUaed "869hHUqUUd € 63 Ua 30 U sUjy Us Uds Uslac! j
UsUssebeaald UsUley UUsoaasi eceoaaggd oaielUUesd. OUGSs
UsU3W; U ogUaa Uzt d eUo¥Yaceg oielUUcd ~Uosuli Ul
Ucaeceg dUjesoeaed U edealgldd. ¢U gesa¥Y “~6g }
“aU0Usah

323 63y UgjauU A3UU0) sleai

¢ Y3y dgjyauU U300 s0edeioUyfy” vdyso e o DPPlde, ¥ ¢y
dU0y e hU0qUUg "6g UoseeavybaeUUUs GUes tlsyYaUsas ¢
UayUUy9afh Usg 6L}y eg, bUaUsi3es3UUdg Uds U eUU
¥*d “~j3686d Uds UUeci UqUU dyjyeUsldd Ueg hHOGs oaUs
U Ausle Usg. BUUypWdgi Usg, 8dgrye 6 caed ycUs Usil
dgjatdlU dU; eUas3U00Us oaUs Gg3U td eUst300Us d “~gao
Ud s siyrOaifédgaathsayay dgjyaul UaUUpysbGesi UasUs
Usg GUes UGxyUUy; sah ocuiyomelhvgs. Wty «a sylsse g'eals Ui
dUyeegoajy UaUd Ueg UG¥yUUyseci 6L}yeg. TUUY Uds 1Us
UzaU0U) sllegi U sayoUUUs 30U UaszUs UszesclUe Usd 1}
eyoo0U0d U3zt Usd g haess Ud 3 Ud Uslyy UWelyrsUlg swamls (
ctjeag U sUgoc¥s §uvldddde U0 Usddsd @ Ug e y 3@ afy edabiee H Ud UUd
TUUY Uds Us¥Y) aUsU Usg oUasoaUsysesi ~UyUeyslUs diis

Cc S @

dqd UslGjee dUjet 3 jUgeyvyUxs GUes3 61} a.

324 TYUy UgjauU As3UU)slceai

¢ YoUx dglsolil] =lleeeni ¢ U0 Udf +v&swWs UGy, ddalU aUs " U
U eUUeaci 3 UU UsgaoeUUU eyidy Uxs 6 cars ~J UoeUUC
G0 lUsYoaUsze Us¥YeUGU 8Us gUeactUYlss aUs Ussz Usa
FUUY Uds UlUsY) oaUsUgfsgUcUegdsUagUaUgUatisU, oUUS
“"Uy UeysUs Usessoale Uzt oaU0UY Usd 130d "e6g eUst 3
yidr UgUed UstayYoUOUUs 6 ygey hUUyed Uy Ud U Us
Us oaUsfh “6g UlUdeseg)olUaUppegdUyyddd a#8¥Jedpidal
dgsYiuUs U UgUes Udd ¥s3y. A3t oaUU0UY Uds usYy aUs
Uds Us¥YyaUsU Udd 3icUUd UsesaolUs UGgirdmberaes UUd ¢



aUkUds U ceYoggpdlly gl h Usz UVGWvBEHeds decwiPs b
GUsshelUse Usg dUjyesclGsaslivrasleai.

yies UlbsgyvyiusUGUYGUsd Uxs dgjaturs , Ue Ggsesasa

Ucadrengpe } ¥y " Us 3U Ua8%sUdge Ut Bi¥e Totde. Ucg Usaca
325 UgyauU | "elhypUsldd

¢ dgjyatU U, dlifpmgddidgd ad0UU0aUUs “~¥Y3wWadlg Us ¢
g Uidgsd 92950 Uds U eUye’ e Udd g Uframpg ¢ Uz daddd [
BgidsUGUsayY Uas3Us g Uidgsd 025U Uds U ebsae Udd
Usg UBGrambefglic oaUs Uesg UGryUU); sobdivebeg. s PBY 0Ots
UoaY}aUsU Uesg 6Uset 30U " Uy Uey3sUs saaUstUe Uzt Us =

o -

UseaolUs egUga eU Uds oYUxy dgjatlU o950 Uds dUjesa
326 o Y¥oaUsze eUUUsi gUesclGUUGasg oaUs Usaceg d!

BYtlegUspPyda Udpde Balld aUs Uds oagae
3

Uy UsesoeYUrs. g eyoUded Usg 3
aUai " Us3UUs 5 Us Yoo UloalrU)sstli el olbeyga sxi3jUddpe o Us
U 1t aUsUd g € 6)Ua 30U "jeeiysgs ahoy Urs eUoy¥
U UOde eU Ue jUieU Uy U. ¢ U HOEUOUGEd eU0UUUszi gU

Ce

"edealgiddd UoBUWm CGgsedyd 5
33 YUy UaaUo y dTrofmba G 6 g

¢ ©8padeUUsose dUj esae 0 gleomhejaddiller; YU dBae gi slrg mdled)
aUasoUsy scalioYaaead Hooeed Uesg Usaecsgaad csboeedlUs ¥
GosUdUYaUsd Umg jd@ddlgea@&bsyYooalUd (Gglpeps GrUsi:
idoal@lys UGUp¥éE&spldpUaebleag bUGsaesi e£63Uyasg Udd
"eg " UyeglsyiUdalU "Up U ¥3y. ByosteysalUd U UgUy

@

T deadoegbec U FoaUGU; cgo ¢ )UK Ao Cks UUs o905 U e£5U
d 6 6alU 6U0Uds "~ Uja Uxdd Ueg GUUdUyei GoasYd
oaUasoalUfjegi 8 vasasad yeUs eUo¥Yad oaalid, Us
desUsed UsaUssebsaalUd Uzt oaUUBgUss eeawds Us
byatalUUUs “~s68 ocUeday, 5a3U0U0U0Us d "~ aey)dd
UsUssebsaalUd. yGes UlGey ¥ UU os93dqlgr GoaaUGU,

“"Uy Gatld, UalURd U Uds dese 3 e0UU0GaU al

27



28

1 deadoygbes 0 gbBeaWi¥JgqrREM) : ¢ e¢gvMeldlU o Uay sU C0U
e

“1ellyjegs oUs ehavyad aUUY Uds uUsYyalsU Ud
"Uyosey9leh Uxs dUjesat s U vaUstL 3.

U0aUgUUaU 63 h3sU UaszUs slisUsUyy WanbaisUulu
d 63Jeld Uesgd o3 a300Us ¥Yoe;rvrd U cgteUsese oaUd!
dUjy eooed ¢ welhdiliedg U ¥deagd UessctL eUUsd oaUs U(d:
cLjaeg, ullicUyaicddflsUeg Uy, U GUs UsyYaUse Ua
UgUe U~vs oi J o973 GL ) ¥3, ahor Udd U UsUag
dU; e UqUUd €U0U0Uzi Ueg Uy U o8U2ilBG) ddaeikdl 1 ¢
deydd U Uds e€UU0UYuselGd “eg oas3UUBGM GU U a¥Y -«
¢@cceTgmbe e 0 GgadUey Od: by hoUm Udded W oesyls Uks Y UU
dqaUaU) se0ci d dgliddeydegsUUs U dUyestUYUU],
jeed Uy U oaUs dU;ehUqUUYg. ¢ 3idesld Uesgd
"3 80U0UaUsoe oaUdid UYs 65 yWieg UqldeggsVas UayY s
dUjesoayd U taUsUd oaUs aUUUsUatL GUsd daUaUj sc
¢ 6 a cTeothbe & Ovortex generators (VGs): ¢ GgooaUe ) sewasdlstisyYUUs
38003 UdeysU aUds UTranbey sl U olbely, (baeltsessegly s Ud
(vortex generators), UU f 6 9a U Ubeddlg xapiilit; « ¢ & g

UsU UiecddalU oaU0UY eceaed Uesg Uesseg®¥dgUcd oaUs
eUyvtedildy e UqUUJ

geacleogibe e U ~ Uy ¥Ydgy U: zU Uds GgooaUsyseyad
g YyeUs eUarxid.Bbddehbehlieliadse dydgd soayoU0UUs
of GrUslGeh © UslGddUsssid ahoegd

[<H)

a
9

gydee g Ujpysittud tsU U, 0URUJUU aUs Ue ~ Uy ¥Ydg.
U afh ogUea, U sUyy Us Uds U gUUaUGeUUsoase o
dyy eUsa8UgU0Be; 63U, ~3eaUU0UIi Us Uesgd Uszadjt  a
Uds g Ujysittddq UeUssebeaalU "~ UpslGahUU0ye U f



4 3a9aY | eoalUo®gMuyYiadd (

41 ¢3h 69 | "edealUglidd Udd UUyesoed A3

¢ U ecdedUgéagoed UbesmploStomdédEnefgy - TES) ¢ 683 Ua 30U
U sUUgedUa €U yiad, dyjeUsad, Uesd, GUUOy; Us ga:
UsyjyoUsU 30 UasUs tlsUdytsed ¥vd dU;ehU0dUU HUUSs
Udd U edealUgiddodg); y&dlsede®asyptilis vd:
1 j edeaPglddiled fh Upehside Heat Thermal Energy Storage-
SHTES)
f J edea Uglisdd Y3 e dJP g i UdLateny Heat Energy Storage-
LHTES).

411 ) "edeaUglid dUO)de i UJISTHES) (

B GgooaUeyoseyszaed Uy he el odd 'Ugldne » U gdlldfogluslelie G U
Ui adeeddayldd Uy ecoay UGaU Ueg. ¢ U 8UUaUleUUsahUdUL

h Ud GgooaUsjseysd dUjesse s5aU3s3hUdUU Ueg gase
essclUase, U Uds ."geshUdUU Usg gesoai

Ce

,

U

Co

o

dggadUed dU; ehUqUUYg (SHS) "~ UysaUehysU
3

¢ U
dUy ¢
b UG a

ypoUsUd U Uds Uisddd Udd dUjescoay UC
5 GU0Uds UsaUoe Udd dUjeseed s0UshUdUUd
Ud UtisoaUGaU 8ydls G¢d d elilhsUdibli AU B ddoe Ugeysdd dl
GgayyUdad Udd Ustsesed dUjefhUdqUUd Ueg eyleg, Uc
Udd Yo J

o ® (O]
(@)

<

Ud Uesg eylicg U edealglidd aUs g eacoasUU

0 . aé6Q'Yad Y Y,h e6g:
- 0:d ‘ethUdUU UdB0gB0dEYddd
- "Y:d Ujyecoeee dlbyesgoay UGaU
- Y:dq UUssoe dBjeceoay UllaU
- 4a:d eYsU Usg eyteg U d@@alUglidd dU;ehUdqUUd
- 6:d Ustsee &0 enUqUU

- 6 :d eyiud Ustusoe "dAUE RFYqUU e U00Us

g¢U gesa¥Y U edeoalgtdd U @6jjeilaeis Ud dU0yefhUd
edeUsslecgid e¢U0UUGe) ¥Yd dU; ehUdqUUd UsaUsszsebsaald,

29



gosoa¥Y yiceealUUs Ud 3icU0U e Usd 3U0GUaLtuUsd dey
U OaUgdU0jertBllB@@assegd Uy h egd aUsUesgyoald. ¢ U
dyjyeU3ddd 6L} e8g 63 disee 6896i3 UGgsedyd uUlaUeUsy
vd U edealUd dUjyesoed Usyj;oU0sUd. és 303, U e8dd
e ogY¥aes3U UeeclUaU, UasUs UéddgUoassdidqdege difjecfyd e
desUsay¥ GgulUeel8U0Uddy) BU0UsfidgdadyY dUyefhUdqUU, UgaysU
Usg dolJse UasUs Us Usv@geBO; i Dddwduldyaiszgai U0} 6
UgUed Udd oaUUdoejyaUd ahoyr Uesg ecUesdeed ohaUsg
d0; ehUqUUJ.

412 ) "edealUgld sUsd¥YseglUd UU; efhUqUUG

¢ U edealglid U aUszd¥segalU dU;efhUdqUU U sUUaUa
U edealUgldd Udd dUjesoaed Ug¥WhoUsglpg U8 Ueda g
gesafh U edealgidd "6g U dWPysiiddel s Ueldg dgjod e
GUUalleo ;¢ el Wyl UsoalUoe (YUgd ecddatagali edgd.
dU; e UqUU a0 eacy e aUsdy¥seglUd dUyehU0dUUd a0
Ui jegd ejeldd Uesgd (eyey s Ue GdeUae Uesadd) Uzt
dU; e UqQUU €U0 Uds €6y (e ¢Usdwddisgs fddUsdh U Usldfe a C
aUsdyYsegtiUd dU; gho@aguld ®idld ysas OU0UUs U Uds Us

0 . a6 QY&ad go | a6 QYR 8g:

"8 0hHUUU U eddelUgeysdd dU;ehUquUUJd
jGooe dlbyecoay UGaU

U
UUsasoe dBjeceoay Utal

qd
qd
qd
- a:qdq eY¥eU Usg eyltdly) O GRRBGBH g0 dd
d
d
U

}

Je "etetUf Ueg Ueg goesaasi ~6g yelUs UdedUa
- w®d 1 d wiksdUea aU Usg Udoeyseg goasoasi

B GgooaUeyoseysaead Uy ed U 6 dikaflgligdsg slsUs pllhdsllly C
gosoeci 3U Ggudry UiUs "goa3shUdqUUd Usyy; o0sU0d aU
y3U GUUsh Uijed dUjecoay Ulists. ¢gyUessU GgalUeeUUOU
el UsaUoe (GYO0dd "~ jellGyjegs y3U Ujasdehys aUcssz Ua U«
(".6. GgGUeeUUU U cdoUd@wd ¢ Ud fiald &owaey,e UosUlae, ¥
dUjegoa} UaUd eU0UU0Usi Uxs oioeovydlUbsed¥odddgdg doU

30



ee3Yliuvydwdlidah bYred UsY ec63YUU ¢ v¢ dhhewefrUqUUJ
UgUv c) jelici 3 Whyd odslladUoe GYO0dd GgebUasUs oU
UsUlsoaUlaUd dyjyeUsztdd aUs 80d GgsycUsU ¢ @6y Ua
aUUY Ud uUsY, p3pU Udd yiadd

FgasU0 td UasUs "3 eUsyd HRUs UU GgGUeeUUU U ede
"3 e0lyj;egs ~ @6aoi eUoUai UU;d "go3fhUqUU U edeal
dUjeegoay Ulsta eUU0Usi U edealUgldd oaUs U UaUgdy}
UsUaGUcosch Waguddds JiiBarop OUE de 4.1

Bepuokpaoia

A
J{’
S mobnt
Bepuoxpaoia s
alhayrig déong
aoBnt
I #
‘f.
’l
Irl
}f" awoBnt
r
anoBnkeupévn
Bepudtnra
Fcedll | edealUgidd dUjessed Usyy oUsUd

ga93%F, |

42 EcUUsayY ¢ abllodeads alYY U d d

gU0 gese¥Y "6g Usa¥Ysegs @G¥YGd GUe Uijed Uxs dUy
6Jdioses 6896i 3UUs 636¢Yeae3 UURCMSIBhhse Cliangdd3s e bosba
Materials) . O3 U goaseafh UssdbedgtdlddUdidesdtl,e a0 d
Usg GU €90 @6yoteysd dUjyecoay UlalUl UbalbglhsU ) a sllsse
elUovyald " e0hUqUUEg3s wido Udligy ei 3UUs vd ea63YuUg
aUsdysaddjld UdqUUJ.

qad g cyeMssillvy ci 3UUs aepdre ¥ g salU @WBB)YBedgs ¢ UL
aUs gojed Gyadd, Us oaUs yeegs 6y dqisees assddUa ¢
e U0UBUa3segs U ' K Uds es5U Gyad GYgs¥gddge gllldhocsgd
gesay¥Y “6g eU0UU a Usgs GU UyypsU0 o@UwWIUBUGG ol

31



"UyeglioYsegs olodihtlgse (Ysleslbleynsesigliosast 3 ~6g
d eUo¥ad UaalUoe "goa3fhUdUUd Uaseay &b Wddedis Ud
269 h3 Usgd ahosgd dU UsUagdei s GUds UGgsycecUsU
U aUO0pPpU& B&dgs G0 goy ¥ aUs Usie Uass.

z9U aUUYaadad dUjeeoaj UlaU UesalUoed GYOdd oaUs
Uie “3elGUsVUad U UsUetUsd o205U y3U gesaf UsaUosed
"3 8aUseyseeg 3U U eddali UUUs aU
g Yy ceQgs3 J) (
UGUyecgoyd. Bs U UsUelUsdg UgUyd
Bo99B83B8¢eg9%0ayd(d

o o

tglooayd U UsUelUsd U edealUgtidd aUs U UaUgdyy -
o TUUYeaoadod) UilgW e UaaUded odsvtlidgU UzUGGUas

=

U edealUgld oaUs d U UaUgdyyrvad Udd dUyefhUdq
G0leeysalUd dUjeecoay UGaUd.

0 ZzUo¥ad UsdUa aU wlatodda® ds 0 YU defUUgesdUa gydae
U edealUgldd U Giosaystd U Uds U edealgitd C

o EUUdU; UQUU 2UU0Y Uds woxgBUasU &padloaozsa dxlal
alise gasafh 28U "eeasid eioasegd U edealgldd
h vyd U &s0URUYsU UGUj;esoe.

0 zsegey;y@mqu 30 GosUGGUasUUa HUs d Uesd oaUs
303 Uo0eUUs 6&@agdeitddUsh Uijed dUjesoy UlaUd.

o YUse dUjesoe tUodwpdloeshllqUWs3s Us Uga3UUe d U ad
U UaUgdyy vydd Udd oaUszdyYssgaUdUdesegseldfUoegae al
gasaegi U edeaUgtdd G0 Gis3Uesee 6ye390afh toayvdCl

T ¢Ucssayd U UsUelUsd GecUUseaY U Uds oaUUUGaUge

o jUesdee " aligdsWUegWaxlid Uxys U UsUetdUx3 edecUss
aUs GUUo2U3RUqUUd Ueg lUecUaas g " UysyeclUs Us
0 z99}e UsaUomxslhowmBagrlid Urs U UsUelGUrs edcUss

BgiecoPamg ~UysyelUs Us PCM
0o jdesoae GU0UdU; fplUgdadl HEgUPCMGiUasdUU0a d eUos¥Yad
Usg Us UasUs UaUUdUseyse GU gydehUU; Od dUy e
o FgeUURUqUU Uesg PCMosll vaJoWsdadiddeoaadUU0a ¢ Uo ¥:
svred Usg tUteeclUasg "6g " UyeyelUs Us PCM oaUs Ux
“Uya Uxld tsUyjeed Usg

32



o YU} sc)slieceat dJGaillBdUimdalgge e€s5Ud U edeadd e a6y U
U h 3hesgdgsUegs UUd cyeld e€d Usazsoats, ed Uid

o

f Bsoaessesayd U UsUelGUsd GeUUsay eU Uds Usy Ug:

o0 j Uesdoet BdaeelasUs UsUUox¥3sGUssae U YaalUd U .

dU; e UqUUd oaUs yiazdd, oaUs 3UctdasU8; tat)fo vs

dU; e UqUUd oaUs yiadd e¥vjad aUdheasg U esdealg

o pg3UURUQUU Us Ua@iloawWiobdpUaoaesUssasid ,0Us esaa
[16],[40].

43 TU0UUdoey 96 6adqid JasalL 3 | aalUoed aYl

g0 goesa¥Y "6g UsaY¥Yeegs GYud U byYudaillUdolgalUGq
aUUdoey ald:

1. ByjoUssay¥Y Joasa¥Y
2. ] 33 o030 Jasa¥Y
3. AgoaUdqUsoe¥ zUaoeUUU

431 By oUssay¥ 3osa¥Y jJoalUoed aYlUdd

g¢U 830U390Y gosoly ddbaoiesgUUisvraly'gdh y3UU0Wgy i dYO
6  aU eyjaee3lUs U "~ UyBdiasdd BUBG el dluopdéa;s W
29 U} YUeag padbgUyy Ud

GUssatd UU ej3oUssa¥ gesa¥Y U gUUesi3 e5U “~@ai :
UzUsUaUd Ux3s ~aUs3UalUdevyUx¥ys "eg " Ujegls¥Ysaegs.

Uoey ¥d GU GeylGd eU0U UsdgCW aatllys ollnledlbes j wdldh jUrxiks o
"Uyst0g8psl cUj UsaUdyaseslUUs U cdessae oaUs dUy
gydee dU;ehUdqUU Ueadd, aUsUesgjoeia aU “~eai ¢l
Udeosasg)oa6isaUdi gUstisqUagoBessbJllgloYesaendacsaoahea)]
gyaed y3U “"6ei GdeUsUsoafh ~aUs3syalUdeU UVUaszUs d

UeGY¥sosldd Us gsupértbeliags ¢ ygslB gtide Us UsahUU; U eUsae3Us
"Uyeglo¥@segaeyltid U UU e@aselso Uposele gafpdl; d aUs
dU; e gaPe’ caaddaday h Blysdddd eV Ued dUyesoeed Uorose
e90) AUV d " geshUdqUU. ¢gEyeaaed dU "3y Us 30U UsUGU,
cUedayd dUjeeoy UGaUJ,[iky@]. UYs>Uxd Urs 200A

33



4311 Uy UGas Ud

Bs " U UDbsdddd esy Uleyses gugGtea¥WsdPJUeUfeas s U000
Ugyyrd 6jdiosec epxnjit UBOMsI,UUsU& d UsUdyUsgs gyc
aUsdy¥segtilUd U edealUgldd dU;ehU0dUUd G0 ys3U0 aU
dUvyyei 3UUs vd ed Us39a W Us bsU ) @mare 6 atkyolblicays dldb alEhiel
eyUygB3sfhUqUU dUjyesoeed U (bediesddyé&dd 0 8&e&3y0400 U8
ycega cG6Uedoe dUj gogplkeh Uolroiescthsldld.  gdeh dUj esocE
UalhyUstdd aU0UY Ud uUsY)aUsU Uxs oiosars Uesadd
d0y e h0qUU Uxs " 0paiGe3h3 UaUp0yYy8Uee WsyEe clrg U
dUyecoa) Uald UesaUoed GYO0dd Usgd uwasegs Uds Ug
PCMosU GgooaUsayoseysd UGUyeeoe U edealglidd aUsd
6o9o063caBayd U UsUaUebhbUsheUsed oi o acedo UBHalUoed
toUcry oGc¢e fh[16f[3s8h U 3

4312 ss Uy Yy BayU

gUros Wysw U “6g 66Uy UsaUdy aesGHyCHYHACADHR s Udy Udlg 3 6

U sdgedUY dUjeeugasUesoay¥Y oaUs o93dUseay¥Y cUj UalUdy o
dU; e UqUUd cUedoed dU) ccopdeip.dysdgaedi ag eds0
UesdddU Gioeysld U Uglle UBWwxm sl Udy ey poyledshde 6 g
qdUfhte, UU a9 U;¥ e3yU UasUs “~9a8 Usaysby U f Us
yceagas 95U tguyvygUOalUgas®afeUse Uyosdeh UMBevys Y3dy
9 Uj13 e63yrs, UU ddeUaU Uesdd oUs oaUUYYygadd,
94 gilUUaoa8 6adqlidd Ugs¥sesUUs GUUUsUsaY. ¢U oaU) ba
UUhers Yasdy UaU GUd Ueee yeegs gydahUU; Ud Useyd
e U " Uy s UURHB e8] 82),[43].

4313 | aachald

Bs Usoesfhald yeegs UeoasesUGUUa o90sU UGUyesoyd U’

GU0aUU0UaUd, Ueaa¥Y 65 ~} hGGUUUge sbsrl sltaaddage di Ui Ylliyd
GeUUaee3UUs €U 3Useshasa¥Y e Uglshy i add QbW Ueolr os
dqaUaUj ssed U oGreolbee f UideUU @p.i 40 ¥ delsaU Ugadeysd "6 0

3UseslreUMdetaesgdiU GU Ugsdeysd dUjesoe UovosehU(d
UUU; Uu Udnamopghl drd olliss didieelo Yy UUU; Y Wagiigadds d

e i gUhec) e¥tleg@dUoalU) soe Usyy) oUsdlgabllse s U gd
UsyyoUsU. O3U GdeUsUsafp &\ wils Uy )eiilesissh ykals UmU oF

dUjesoesi Geoa AHAUU3 6y dqhsca[38sci 3UUs vd UoiLosceU

34



4314 AKGUyy Od

Bs UGUy, Ud " UjeglioYse@s-gogaed clOUYHPBUd aOUB[ U
dUjeegoay U8aUd aUs UU €a020eUU0U UgUi 3 € 636i3 30 O
"Bog¥)yodeU e€UaoeUUU Usfhy) o3 wddBuparchbling., B3 UaYoe:
Uy s80hUU; 89 00dadys Ogs GUe Ue hyoe alldUUG) Yooe
9390 UU "eeageUlUje, UU oaUesoagalUsay¥Y, Usd oaeavtUcshiil
Uda Uy ¢ §16]588.

4.3.1.5 BioPCM

tusUalUU;d €30aU dU "3y Us 3 BioRCWMtlls a8 UBU gasc
esU 3y U Ulkceys aseayedoliaslt 6 ~ 8 5 UaddWey b g (nkeydked ddyeds.d 4)0 s

GdgtoUgUGeysU U gmogdikeyge@ldiligdodiecys U ~UayUU @y
Uy UtGasdd PCM “e6g “~Uy¥yYoUOUUs oagjaxd U ' H Geosya
Uya Uxidd Ueg BioPCM, oaUdid U’ @6yjeldY Ud dUyeh
U0y Ue eay e 00U eaqe)iesaUsolla BdUByge (U a2UUY Uds U

a
dU; e UqUUGg. @Us UasUs Uec3zsoh% U8BogaalUdosdieUBs
8 6} hzedegveagaUs ~ Uy U ¥ 3[#4],[d5),86),[4a700 e} h3 s U

432 )33 oU3U| »28o0¥Gqd Y

¢

UshyoUsU gase¥Y UesaUoed G(GYUGdd 6y )yedddUUs aU
U Ud

JU  edUvlealplbgplyr ~ 2oUe3UaUeecUUU "68g "~ UjyeglisYsasrc
Ussoe¥Y UasUs HAUs utsUdyUsgs egUosUai UU;d Usece o
Us edot)BUBHY yeegs gydehUUyd ~geshUqUU. U
(6 Usaccegs (aperébllisgldipa O s UddUpyd&e qUesegd GUUdUO, f
U agoeasoe (hyUsild. A aldd UasUs usUbjyUsayY, ¢
"9dU3shUqUU btdesesg)oald ssceelUUesd Ust Ue oahtUsd
Urs 6j3o0U39013. éyasd g YjcUs oaUs @ liGpYyddedige
6y hsaeg GU " Uya Uxdd "eg e€Uasegs UOUdBMBUsey3 U aU

Co Co @ (o]
™ o Y
D w0 o C

Co

4321 OsgupdUUU

g0 y3gilij U YaUUU ABnHI®BGa 300ls slbshfh jlbiUssU YaUUU “6g
3U;fh o3 gUUesas sadidd aUs UasUs @ osais;.odalddUe ; f
Ud tsY};aUsU Udd UeaUoed GYGdd aUeby¥sUs 61} U Ul
UaUU y3U y3aguye YaUd "6g " UysycecUs asohUU; U ehy
YoUUsd. Ocegs Uj;aUUY osaUayd sushUdqUUOd H ¥vd gyde
Uo veoleUdq U¥Ey), s ohaUsd Uy Uorvoed U GeylGd U0 Usc
ahdled “"tedlidd oafor Udd U sbUbadeysdd Usidreyl

35



aYageelU oUs 6jyedd “JhHGAdUU¥s eglst 3 aGUUdUp e sad
UaszUs U UU GddshBWRU s@exsg¥liseg s85dfaci 3 s U
Usyy)oUsUd, UU "jebaeeclUUU usUcyystesgi aUlUs 0 G
UeGYsold Usggsuetdanling cyYpsg) ascegs Usd UGUjecoyd U
"3 6U0U0asegs Uds " jeldead U s ayescizlUsseeBBdd,U(:
eydelied Hervrd ~6g eUsit3U0Us Uds “~geas3hUqUU U ed
6y dises @addlUa "eaeat 3 Usitis egdald, ¥d "~y haduUC
U0OgUfRheye3add UiadGdd Ueg 1} g¢le)m8. s UU0YlUeldd dUj eh

)
(¢

4322 zU0UUaas0Y T3 YeUUU

gU eU0Bp&¥asd®VYU 6y dqlosce 696i3UUs ¥vd gesa¥Y UsaU:
gydeaed dUjeeo) UGaUd aUdL d "y 800y} egs gydae
U UsUadysehUdqUU. RBU Gioseysltd U Yaal gesa¥Y U @«
"3 8Use1 30Us agjarxd 299U oeyeyBdddy UIRIGCMcdYdd ahoa
aUUYeaadadd dUjeeoaj UlaUd UeaaUoed GYadd, Udd gy
dU; e UqUUG oUs Udd oUad3p[40) esoed GUUdU; HUJUUJ

433 K Ud Uslbdro ¢ UU U

gU Woge&8YWaoegllblbt 3 UaaUoed @GYOdd U eUUasci 3 (¢
"0y §UW) v3 GgaUUUssauL 3. ¢ GiGU0UUGd Uegd € 63 Ua 3U
UsfhyoUsa0d UsiLGUsd © efhse U f 8yo0Ussayd aUs efha
Udd o3 gtUUsac sadiidd Usgd GedeUUaslOUUs y3U ¢
GgUUUsay¥Y oY3e3lUilyy WUz s3ws Wsdhae GUesscUaes oYU
U eUyaU0eU oaU0UY Uds Uezd Uesgd Uds UUgURey) e3(q
dgatgUlecgi UsUlecidwdea  Bdagiigs B8URUJUU Udesaegy oa
GYGdd UU 6 6alU dU tsUUdyeiddg &0 bW Udadg gl
g &9 9[88R[50],[51].

sy~

44 Yy eboeesUUU aUUY Uds jjeldd Joosoal 3 |

o

Fgsedyd, y¥3U g eyelise gesoh UsaUdedgdiqlydg ul
"1 eh edylpPodhollgtlg¥WddazWs igaUUe d cyeld Ushd Uy
UYdGU)bedesi 3 63 o0ey3sUdoalUpPdedUsawpdid e U slgoe
"} ebodeY@ws Ggsedd “~jeboeesUUU "6g U3UselU¥ asag
Uas Us:

f BaUsshaglBeyy) o0 cudrid UFB3

T GaUs 3 fhe U3 ey jUydddSupercooling).

36



T ¢)] clGgageel) ) 61 dodller tzd) UDdigUUY ¢ H UqUUJ
T ¢jUed®B) c9de0o09efhUqUU

441 atUs3sheUsze moUcyystesgi ayvaUvs

¢ eUo¥ad dUjesU eddalUgUssae saU3z3hUdqUU Ux¥s y3g

UosUUdy ddUa aUs Ggsedyd eUst 300Us eU Ubeglfs ai o aa

aUsw ahoed A eg U3z e 63 U0Ua 3U g 8ecosdlUUa U pU
5

U¥s gesat 3. TijyosU UsUaU Ueslgastesgi Uxs dUjesc

toUcryoatehd Urs GYaUxys Uesg gaessaasi oalUs 8 "~ sdUshf
Udeosegg)oalU obesliiBge FOBchivyaUs 613 U ahoyr Usg §H
Ueoscga3UUs i ed¥WUUBglBU0dsa Usg ecao0eUUs(, ides

UsUGUyyysed UsUlsalUGalU "e6g eudoUa GUBd&gs3Usce U
Uj; h Usdls e UUU G @ tedpde-e sJlg g 3 U s

T ¢ UUcsdqUeo@dBYBts 3d e slbglysomidsamagWiade d . QicYlied d
6y dises eaddlUa U U sUgealU GU “~eaa¥Y y3gluy) U
U Uj UaUqUe Use aslceh.

T ¢ bUaUavld Udd UsUlsaUlGalUd Us¥Yegldd. jgUh
jdet 3 UcscddwsUUc deeling)i dUdg gassasi UsalUoed I
cyeldd ~eaddhUmiliggdi di 0 €90 h B9  Udy GiemddHd
Usg 93LlUaegd

f ¢ UeoaUoe Uesg UsUo)¥YeeUUsd GYudd €U Uds et
UasUs oaUs 6 Uphk  [a6[pSh[40ps o6 d

442 0Us 3 hedUyg g y g sSdpercqoling)

ge (Us mlperddgimgUie) ¥ Us (U3 ps PEMsiloaY oaUs ey} aed
Uys 63 o9Usse13 Us 6 6ae AOe UsUUa3U0UUs URGe ¢d
Udd U eddalllgehdig@UdiUssheUses UasUd; 00dPedda d
alUe iad dU) exmjofslbmpgUdyesoaesi UaaUoed JGYHddg alUs E
"UyegloayYeslUOUUs " Uit tdq Udd ROW ges03 Dddddlididé g go) @
UsaUoed,ali"Winddu f Uds dUjeecoay UdaU aUUy Ue e6adldd
yi add dlyjelBlalU Usg GUaoeUUsd UgsaysUOUUs oaUs GUUd
Geyyd 209U €903 h 6368390hH UasyYiUdeU, 8U0Ud dUjyesoay U
Uit ad Udd eyecy s Uds secgoeae)vlid Udd aUUy; Us sadi

37



A
< Bépuavon > < . yogn >

AavBdavouaa

+ AavBavouoa
1

UTIEPYUEN

aionT BN

.

xpdvog

FcedU2: TUe ioad didffzeg) Ydadgi UsaUocx

¢ i+ Usupedcooling stidoUa GUd eUavyadd Udd dUjyeesay Ulla
Gg30 " t1d d aUsdysegliU dU;ehUdqUU U egualdlUUs a0 6
U sdgedUe © U eUoUeai UUye Uijed dUjesoy UlisL 3.
eUoUai UUyed UasUs 6 jgdegdopyisdd, deg VaBdae d0ad
Us supercooling. UU “ 3y Us 3U U’ s d eslperchbtling if)3s Ua sIBd € £
Gglooee olshUdUU Ueg gesoeaesi U GUUdUje Usee |
"0y UeyUyegd A rvrd e hoedd UJddice@U aoeeglgibah dad
yiadde U stGy¥3sUsU Uesg UscUaeg U esdealUgidd.

¢ "98 @893 ~Je0yo09s0d 299U Ugsy Uydpasdiild gbee Y § c
UaaUoed Y0 dde dlboespled dJ Uy 3 ° g jnacteatossI3 U&) € e aU

"3 8aUagi 3 UUUyeoUsze  gjlopugleatdrg Vo BBs "¢laaadhUtgeye
Uy heeslU oajgllUUaasse Uesee U Ues GUUy 0 geoesafh U
G0ds 60Uy OePc¥dd UBddg UgedUa GUds U slGyY3aUsU Us:
dUyeegoaj UaU Ueadd 250 3U U eGUgcEAMmsad W03 Uy 2@
tglesaalU “~6g UsUseUU¥y ascUUUs ycUs 30U oaYsU:
9)gdUUaas0e leee UdeUasUs o [Ju][38MM0lhecoU dU} ecay

A

443 ) "slgagel) et lalerdqlUdde piryde HUqUUJ

EUsd "~ U a0ahU0; Ud = By tGiyilWsdd ,Ually Emdoly M) i
PCM "~y Us 30 UsdgeaUsaxdUa. ¢ UsdgeYoervild Usg g:¢
29U Uds 0 gidpy gilniedibd s U  @éegtdgldi G UUdg PCM

K o9 ayes ceyiar Udl clislh gogoOvlblUsiied JUs g srhada, ) 9 b
6  ealU ¢ aljeBeayvyywlilskoUhd hHerd U K Uds U elgoe U
"3 8badeyYUrs, d GgooelUesjyseysad oaild UasldgPala

Uooealsaltxwleg) oUa ¥d U sidGyYsUsUse UWiliedyewdp Od Uy ¢ h

38



5 Ucjade Ui Us wWgUasdJUGEHBgeUac, "1 YoeU “a@ag
GtdauUs edc Us, 4$16]838,ia0.Ud Uy R UqUU

jUedoe UUjesae jJorosehUJUU

U UOU ed eU0U0UaasayY gonstksPGMss Wosalc bdlbeskayms
esoe UovrosehUdWUpPCMopllti®md dsagligl o y8dd el hUqUUG
ehUqUUYg a0 €920} h Hooeae, oaUs U Usutue UaszUs (
e hUqUU 99U 30 6ydiises 6addlUa, d ecUedae dUy
badeU. ZUds goje (GYud, d GgsUovyoe bUaUs!
ehUdBUERHEe GgesY ,UgUphatigs OpPpOPOe dGyYad, uU:
Uovoe. yUU3s U UsUUaUUs o9j3e0683d e€00UGey Y dlI
Oddead goesat 3 €U eUoUai U0y d dUjesae Uorosehl
Gdead eUUUaoqdl$0adle sjcadindksad e esesgite saUU

PCM dU eUsit adUs e dU UszUadlgy ke §&d djoea GWed) Uyy

"
Ug "~

Gyoosld “e6g UsUOUYsUUUs o950 Uds Uisdad Udgd
e dy Udricav Walg eYIUi(=eph63[38],[40].

39



40



5 bUddUsse | "edealUgiid dgs(PoEadUd
i 1 e OPCM
51 U3 saY

gU O0deU)ys3Y 89050 Usa¥Y oaUs Ue w@ledlii; @aajeddd ol
UsdlgealUd yeegs “~jeeiyUs GeUUsay¥ U Uds UaxU
eUsveysaeg UlgaUesoagi U edeoalgiddodedhilidztiVg. 3
Udd 3160 ¥YdUsUd o29sU Uds oUUUGo,Ugle eUs as)URddite UL
UsUaoaUg By aibl0araes oaUs Udd Uyvyadd “~jetGdeadd Uy s
dUjesoed U sdealglidd. €U sqUeegUU0U UgUY Usslci s
UaaUoe Usg saaelUUsd aUs Ud GgsUcsesshelsd Uiadid

¢ oslishUdUU U edealglddUelg; PaEMedUlayg P0Os G Uds
oUsdysegtlUd dUjesesed U sdesalUglddg, ulleeysasg Hf
e 638i3 30U U eddeaUglUecias GUyzBogHodifpoadaalgyge dal?
e 63 Ua 30U U @6y eitells aUs 30 U UalUgdaw,vltfpsldUy

o

GgebUUsoay¥Y 6906UBesaY gasay¥Y U Ua¥YcosulUd UsaUoe

yUUs UU gese¥Y U edealUglidd dU;ehUdUUd "6g UseayY
“"UyabadeU Usg oUsjyaeg © GUU UGxUUj;seY UsesaY 0
Ud deyj; Ud U 6y 6tGeia dUyehUqUU U Ue Us¥Yes ol
Us PCM a5t 3U0s, GUUdUy 6 6896i3 Uds UaGyUUy;see
eUsi1363UUs 89 dUjeeso) UalUd Usg UG¥vyUUy; s86i Gt J 6
Us PCM U UaUgdBddeaWgcydsy Usy) oUsU, e lzYadiasesU
"UL U} ceeodUd@Ucl jag. RBU e6yoteysUd oUsysUsayd
agoeoasee UsUlusaUlaU € 6)3Ua 30U sudoetUs GU eUaxi
G0 UavUUyse68id 6Lyegd, oosb ik campdiey 0D G Us ) ¥
yi add, aUUUsyee3UUd seeoahes) GU Ud selUdid daUsU
Usd UesaUayUsd Usyj;oU0UsUd "6g Ggca¥ysUbgsagayg UL 3 UUs
alUs;sUayY Usbvddlgedy®CM ey} eg3 gyoimpdlpod o)
U edeoalUgidd dU; ehUgbaPdRsPUcédg¥rdUUso¥Y Useosa¥
"Uyyeegs UaUl) vdUe UUdbeddyaydde U Udd Ugadeysdd
pUlieeyseag AHUs d UsUdylGsed U slG¥Y3sUsU o250 Uq U
eUoUai Ul do WisllesgUoei d L3 egd, GU Gioeysld U Usc
Us soaed U edesalUgltdd dUyephUqUUJg, € 836i3 30 U’
G

o

UsyjyoUsUd U Ua¥YeoslUUJ utsUsageyYstlUsd alUd dUy e

41



bUaUsvyeysdd dUjecsoedolWhlissadygh ~&ds U
e 864613 3U GecUuUsUGUci 3 VUaURYUY 00 sl G b
o Uai [62[53].

OcglvevyU~xi
g U b g

52 A3 dvevyYUxad Jaoaosoat1 3 | aalUoed aYlUdd aU

B Uyjh ed UstrevyUxadd Ux¥s gesoat 3 Usalbed GYOJ:
Uy Ogsit s UU U0aUgUUaU 63 h3sU. 3 Yyeegs UsYlcy !
ag)sfhUUy U:

T Udee Otid GvevyUxild

T Udae by Ustd

1 Udjs ey hidid

T ¢U Uds bsegiliv; vy HIBaadd

521 o 00d AKslGyevyU~xad

¢ YeUOd UslGyevyYUrOd aGyd UasUs W UsBUsBB=s 3 cEmio
eos9y) fd j hadU0Ued Usze aslehd U UsUypoUGalUd. 3Joyf
GYGdd “~jetGUadUUUs oaUs UsUesos3i UUUs eU UsesaY
Goagy) AuUe U O3 U Uy Yu Usi@ U0 Ud dU tecU dlytios @i Winyzdlbs, e d
d UdggoaU ogystUsaulUd U edealUgldd "eg ~U;yoUOUUs
21-:22% Ue @83 9086 begUgaUGUy; U GUs aUyusae Uy

ogye Ui Ud

522 | "ey) 4 hiadid

U UgUe Ud sdeUe, ey ulU0d uteesah geseah (H ¥vd
Goagy hublgeddy)s OUUs GUs Udoeyse gesah UsalUoed GYUd:
Usgd " &hsgdUxys UysceUsiit s (GUs3eElFd vig tysgUad U° U
gy ul0d geseafh UGUphUBOMosaUs HUWes WBUsPCAU o) gt G U
"Uy Uey@depd 0 hyeggoadicggaimsxsi . €6 clUgled Uddaesy:
eU0Odhtieg UasUs HUs U oUyyeced GigecbWloeoesogyasd Dbt
ogye0UsBAME yeilr Uke ge Bisiile 6 " escle s UU.gfBpke,oUs Uh
el Ud GgooeUayseyad eydaeucs Uy Uwmy 6 Usg Usicesli glyesd alyshC
[52],[55],[56].[57].

42



523 K3adgaYoavid

BaligleU3sUad Wdeg Uagislkygo UGaUd U¥s gasat 3 Usaalod
g hees U gesa¥Y e 6368i3 3U U egtiUgedeia f vd U3zl
Udd UsdgoeyY®¥pyddds Uie bUsdgeWoWifHgss

T deUsaedgayvarxid
1 desoalmdgaYoarid

yies Ulaey Yy -Ulgdgad)dssPCM GgloalUgyYeslUOUUs GU Grvads
GdUay Od, ~Y3Ue "=l GWses Ubdlc WeW & © Ullepassdiv.o

O esU ~Usy Ue UUslbdeh tlbihlie ¢ palbUd g oy XdUd & o ¢
Usaceg GUstiséOBdgyddavd Yeypgdidd UGasd. ¢U U sUUayu
yuUsalx ABalowellb: d Wddjgedisceed o UlivuhHIAABD,.
GoaYle; U teclUalU "6g "~ Ujosycewaegtie sybatbafgiblaaUoed
) Ue g s UUGaU U h Uds aUUUGUjeile aUssU UsUasi 3
Uds UstrevYWUvidudeged Usy sbypagdggUbsbgad Uesg ofuUc
Yooe ~JAbodeU Uomsgyg dde EWiwldrdU sUUY Ud UuUsYy o
sUtlsoUllmUdg aldege j 89 xUU0Ua0GUyd e UU0UGey ¥Yd dUy e fUc
Ud aU0U0; Oy, 28880 Ua q

¢

Co

feosemdgayvydasidqs esU eydeliasad aUUY Uds 6 ealU ¢o9:¢

UsalUoed (¥ydddgUacscsUUz Wiyl oyfs Lk oy Ul g ® W) e dh (o oc

Us 6 6as dU "y UbhlclspPOlMly e &gabé& e pdvEg 6o

“"aUe3UaUdgUBUdhUBgo&lEdx dbBae e0U0UGe; ¥ dUy e fhUc

ahor Udd Ugaded ddioolloxidiresdidg  W0al=s Yo o (

"1 e WlWd sWUARAG UYx:siies Use 3 U UdpUa UsU hllisdqy OYGUs U(q

Us Uesce Udap][58]d60]e d

524 BeoaglU)y yeUUsoae PEMM3sal U U f

O3U goseh UesslUspla iV edithddy skl &) “~coagl Uy ye UUs o
aaills 3 U 6} d&gese ddfgaidddas (h vd UaGrUU0yseae 0 ¥y

Usg oUsy sUatls jollkal Uissagydd o Us Uy sdedUsoeyd e Uay UUg

U¥rs “eagldUjyvyeUUsoat 3 GUsatrs aUUyadaUs G0U Used

T ¢ “eoagtU)vyeUUspBgaciWsaliPa eg Udu%Y aplihsrll
UsyvaUdidd dU; efhUqUUJ.

T ¢U0iadadd Udd jeedlUdUPgyUe®Pvd Ucg

T ¢eUU0U0Gey Yd dUbyscehdabdeUda’ys

43



TUUUaeo63U0Ud GUe oUssafh Gge yyUaeU HUs d ~6ag
o Uai U[eR],[60],[61].

53 YUs)ysUsayd AlGUyesoyd

¢ Uteddeoe Ux3s gesoet 3 Ueoalodyg, §iFddd aU& pillmgod’
3U bpUGaeseOUUs U wbwie uUusUGey UUsoecid eUdhlsegd. K
dU0; e h0qUUd A vd UasUs d desUse Usyj;oU0sU 20950 dy
yiad UaU0 GOddiepedd dyPe UstidqdEeUayqdWaddy a Uxid
U sdeolUg&g olealiys U VP UOUGPosyYesUs U UldsusUdUGS

o

selUdadd GU GeylGd U Us 6) h3a.
3 vy6cogaosUley UUsastd Ughceeld Uddg Weygn Usally
aUs yixd oaUsya

T ¢ cyP@MGUds Ussece 6oal

T ¢ cypP0MidU0 Yool aUUUGaUgUBUsayY GUescUaU UaUp
poYliedl ¢ 5 wdiealUgldd aUsdy¥segliUd dU;efhUqUUJd
UdsUddUWsrge Ustdd oaUs yiad oaUsjyaxrs UasUs 6s Uszed:

geaacdeMe U
¢ 6 0 dwrgbe ¢ PCM
bU); Udgy) hiadgeveU ¢

1

1

1

f Ei 6UdeU Uy RAUs d e
1

1

® o
C(
.Q- o
™
(@)

]
AKsueluU yusU WPgM
Bysliy v U

53.1 ¢ ¢ a & dRCM

g¢U gesay¥Y UesaUoed GYOdd ycegs d&3 iUmeslslsy delbaa U e
OUUngey¥szealUUd Uiazddadd Udd vy dqUsahUdqUUd U edealUg
aUdi d wWasegs Ud UuUgsUURUqQUU GUes Uceptée sU U a
aUsdy¥segtilUd dU; ehUdqUUd aUs 30U Uds U ettt GUs &U
eUsyBd@PlwsUGUsayY "~ jellGyjegs Ug3UUpRUJUUY Usesoeacsh:
ey Uoeg Uscezdd od®; ddgsad yY#0Ud p o8B R dBag) W.UY o
gesoaegi UasaUoed GYGdd UasUs utsUlGey UUssae U K Use”
aUay o6 Ushe U oUs UK Usaee GU Ucacs Usg a

"y e0UsUUsaslcecai d.

44



Bs Ujf es Usvisyegralbralidsg UbaUoed GYOddd GUesgd Usao

T BogyeGUsauloMm e¢HBsUsUaUd Udd ecUesdeed Uscsed
ogyeGUsauld 6jydtseas eo6i3UUs Ugyyrd GU Us¥Y
aUdsGUY oaUUYooallmdgeyvedid Ubyms gesat 3 UasaUoed

T peesa¥Y O0WPEMe Ul desa¥Y GUsscUaU © UU lUesesaY
PCM 6)dqieses 896i 30Us aUUY Uds aUUUGaUge Usft
tdeseg)oalU e95Ud aUUUGaUged eU egUo¥ad dUy es
eYeU "e6g UgsedyB2,B3E4 YoUUUs.

5.3.2 ¢ @ a GTeoghbe ¢ PPCM

bUj UtelisUoaVirombeb UaseaUUs GUds U sedealUgld Usud
UaaY oafoyr Udd Ugs3U0URUJUUG eUoUai UUjdd U sdeal
eYeUd y3sUgmbdsdcggoso¥Y UaaUoed oY Upd glslmwwlhkasUa €9
GoUuddaiBeysd "sa0hUJUU U eddoeUge Frompge @ Ug s gdy UUJ
UsaUosed GYOGdd oaUUUaUeb¥Y3sUs asohUUJe sty e U K §
Usaces eUo¥Yadd eYsUd oUgd Uigsld 1adUsUaselbsi “Usoell )b

cyeddq WGd UeslgocyessleysUd UGUjesoyd oUsjars.
dge yy3 UleU Trame eOPeMsceYeaegdem&. B} UgcBd UaUGy L d
aUai U0y d dUjessae U huieldelUofopglyg OGyomggodh Use

¢ UstrevyUxadd Uxs godoilBe ¢d¢ MimbesadgiFuds U Us3s a
Uy 6 "8g 2a300U0s o 0QB7,6X[668 U 2e Ussce 6sal

533 BUPG i geelPCM

¢ Ue edyUdidd gessat 3 UeaUodfU dyUdydae) BGdlee Us
"0y GatdUd Uxs Uy Udiyrvs. Bs PCMplilhyi Oyd alss Y8y aslhslly U
deyd Wy UeyBzagacUyndi (WUds Uy U0y sae WUedddUsEgizy 3L
G0ds desUse, UpdlB3cdreMI®U c} yj aliiY Uds UsaUsszebaaa
U eddoa Ui Us vdd@WsiiFrg@8gliews OUUs. FUUY Uds usYy) aU
“"Uy GatilUd eaUaszegs oaUs d U eddoeUgeysd dUyehU0qUU
GUesgd UGxUU; o[65%[66H[67Et 4 6 gd

o

534 Fi GUdeU dy) £O0MiGdd ¢ U

Bs Morrision aUs Abdel Khalik aUs 69 Jurinak
U¥rs desUsat 3 WgjUdsvddgs ¢U0 Uy, U 663dhGses 69130
U edealUgldd Usyj oUsUd goesa¥Y UealUoed GYGdd. Bs
8 “jel0lUseystehd Udd U atuy Udd Udd aUsdysegtUd

45



Uesdd Uesg goesesi UsaUoed dypgds Wddes ebslphU Go
Usy¥ Ugsd Ushd Ue Usy somds ¥mBwalydeaddia@diBdip ol sy |} -
gasa¥Y UsaUF®dyet@ddage yy3 UGeU HUs Us PCM "~y U
bydd Ue GdeUas Uesdd odBU Uagl el dard ¢ gdig)s U a & O
GU0e3 dYpjHloseas 6osUa utUaUhuPseffddlgbbyfhabdPdes
“"Uya eg Ues y3U UyUUy Us Ueg hooesg U mdeeUgldd U
"edealgidd €s5Ud uUz3UeUsed 3U;ei. Bs d®8onein »
"hietdeBdded (¥4ddBUedalpid diigeg HUqUUJd o0sU des
i G0de U dyygdlbalklid aY3e3UUd-yageia gli dddBdsoaesi 3YUy
"Uy UGasdd *d PCM aUUUeaeoe3UUdg UG lidgrdy ihsicen) &0 s G
Abdel Khalik.

Cec C

Co

535 A3tUsuU YWypbtlUs GRCMe U

ge UY Ute UasUs y3U U aldd GdeUsUsafh eyjad Usf
Uys oaUsjars "3 60 YddaU 30 Ue UseUUUaaUgUUa. ¢
Uoog¥YUUs eUo¥ad U edealUgld aUsdysegiUfe dU; e hU(!
dUjesoedBy¥3RAtiddenities aUs Chen U saU3Uji1ddaUs
eU0UGeyYd dUyephUqUUdg GUU UsueuU wyusU GgaUeeUU
Uds Ggebesoe “~6g y¥e6egs3 URGe d "~ 460 a UesgalU d
U ystgld Ueg ~dDipeddedd dillade s UUUssee aUUY ceos
aUUUsYoarvldq UsyjyoUsUd. zUayUdaUs “~vd U djy UyeUs
eUysoed oaYagydd oaUdit d aUs d 3iassad U ystugld ~ Ul
9iyeag UlGseysUasg. ¢U "~ Usy Ut Udshplrs Ud sdlljoedia ;0o W,
"3 8aUaUalUs U K Uds Usa Ue KReUsd doesUese UsaUs
GyUstGeyad "~ Uyssce Usg UU yBxdgl UGeyls Edzdédg s

dUyeegoay UalU Udd
3

Co

sUGeysdd, Ust d ecjedd cUasai
U eddalUi UUUs GUd dUjesse €3
Uy oUsUsed oaUUU3Yeaxldd o550 dy

GUc@sd. ¢yPDoUsU
a0d eUavyad Udd U
[66],[68],[69],[70].

w@m

536 By ey Cd U

B sKoschenz @ Ulehmann Uz y “ Uga3Us y3U "~ YsUea 6jeled 0 U
UaaUod¥eidddi o090 UGUyecgoe GU oaUaysU. ¢ “jeleeasaxi
Uy¥s leoesct s yuUsaslmehlUs-ppgdollbpeytla5Uc gasafh L
Gyddd (25% oaU0UY bYyed) oaUs o9iye UasUs U Uy eyc
dUyecoy UGaUfYliWe JBaiemdgloy UGt 3 295U aUaysU “eg GU0C

46



Bs UsUooaUaUd dUyrs¥ayYd efiehedg UUdestliscy adlUdalUs ¢l
"1 80cecovddgdddUdaUs s U UsUelilUsd 25U UU geasay
6eoae y3U GiaUdeU dyyeUsiddd "eg "~ UysaltpngygsUUs U
syjeled Usy UgaUs 65 GgbhdewrzssyYseSéWiberwrehbh@a U U
deaBayYUe¥ddpU 30U clidoddUa d desUse UsUssebeaald
PCM. ¢ GdeUsUsafhUU; e “~aUs3yalUdeU Usg Ggooaloay s
ig3U0UpUgUBdEe GdGaddh UqUUY, eryad Uds U UaUdad U
U edeaddgid0 e UUay e UUU yuUsaUs HUs eU Us GgooalUs
UsUsaUddei86% BHdy7cUeysdd dU;yehUdqUUJ.

gyased d U auyUdd cyeldd PCM GUsad de jealipyigl eadlijse; Ua
U'h Uesgd Kodo oaUs I bamoto. ¢ ee3rvrUsae U y3ilc
Ue eoesgUsleydlddgbUeseoyse goesafh UesaUoed dGYOdd 0
GUes2pg. TUWBYYDpUsU ,0dfh didcWdg YuU uUsUcUayslddg Uy
ygey hd W§g Udyip®es UUd PUgU @ aBOM 30U U eddea Ui Us
UsyjyoUsU GUs UGrvWPsefhatlldglUe U UUyg UBes ddjce.00h I
] " Uds "Us Py ldoo ctiUacddalU HUs d Uisadad
6y diosea dsL P UaszUs 23qd U8Yadiddduyl @igd allgh q
PCM y G UU &0 ,[66]671],2].

47



48



6 K3Uj oUsUoe Y ElUsgoaegld

Foe hd Udd Us eavyeUUsoesed UjoU8aUd UasUs 30 Ua3
UsaUoed GYO0dd GUe "~ UddqUsoaf desUesh TiinkeUdeU Ueey
Michel. j gUfRd Uas3zUs aUs 6 afoed @ 8 6aed yaecUs U’
aUUBs0aUd "®gef3sUUs8BaytU lryevYUse, 1aGUU 30 Ued!
U hlield Udd uUsyYUOrambdd Usg Usacag

¢ otuyU ecjyeldd Urs gessat 3 UesaUoed GYOGdd GUds
U fh Ue oUoeshd HUs Ues GgooalUsyseyse GiaUdeU U’
UsdesalUgtd dBydRUPBUGe eas GUU GgebUUsa¥Y Ueess
oot ulUsd oaUs bHUjysyd oaUUUGaUgyd. ) Uds Yead
e 638i3 3U Ugsetegs Uds vy dqUsoahUqUU U edealUghl
tasegs Ud Ugs3sBBhUBPUD GBUa» Obaids Usyy oUsU OU Udq
dU; e UqUUd aUs 3U Uds U gut GUs GUe 6L}y e, HUUs
“"goi eUoUei UUjd 220U3AUqUU U sdealUgtdd dUyefhUldU

¢ U sacoe Usg oaUUYeadesg gesddi V0o ELled UdYyY dda
dUjyeegoy UaUd “~e6g U sej) UUsi TrdinbeéMitbel stilbdviogUsde Ua g
GdeUae Uegagdsl@easUs Uy Uesdla Ui Wl daqd Ut G&lp o Us
U ettt GUs Uds d WodriE U U sl U

¢ UsYUUszd Tdmnge Uka aiclbage 3 gUUs o9sU Uds dyjeUsidad o
5Y); aUsU Ueg 6Uset 30U, UiUoclbampars Wq jodi ey vo HIB)gi 30Ulms |
Udt slidoUa GU g Uypdy) celUzdde V0000, Egeh Ude adifpxd
s U sYUUad d 8 caU dW3U0aissbrg sWsdjildbwgaldd Ydja @ gfp e d
gloalUge CGoeamdiddgooaUs) secyyldoed; Uesddg Ulile a h Ud UUC
UasGUY0ose6 Urempe. Boeachd Udd Ue edyUdidd Uegd U
jedUU0GaU U R Uds desUse UsUsszcgbebbtlgptddd 0Udd
exdgUOUY Uds Us¥YyaUsU Ugdeslle UdDYg Ueasl GwpEa 34)e Us
havxdd (80U 30 U edUioUOUUs d Usa ' 6e ' ® Udd dUy

gUactUYlosa.

v o
oo«

CQ Co M
(@)

[ )

™

49



61 GU3sosoe YUy s0) Ulie TUsjasg

g8 oaUayse Us 6 6aas  paa a&miplusdicgcali ssvli Ude Uaoaedd U
a6 09 USketechiyppe Usa e U Ud 30pbeStudiduginUcstyy haUsUUs o990 |
U o6 69deysd ece68)le e9Ud aUUssaalUd gUs ealU U U
s YUUszdTrothbeags 6’ gU ) se@sec e c 0o g Ud o)0dfvews Ulissah ceoasd
coyy@Us oUvoy) Ulowi@staYilke g Uay a6 by pwe.UUUs GU gyh

ge UrevYUss #Oar¥@mizmbBWwm Bgwmd FUes oay3Uje Usg g
Ucaeceg g Yy cUss(iUBHE(@Beax1imoalUs €50 “H; U0 usUGUY
115mx225mU0Uds UsUUseasse “~aUgy ¥ Usg 3rdimbg asg. ¢ I
UaUUa3UUUs GUds 3h BsU YaawUgpUm (bevgl yo Usgyy cosligdd Us Ul
GoUGUBTIM»al5mU3st d dgjaulU U gilhy BImd@lnrcUs s U
g8 gUeactUYlOse U2 myeclles Bhech@aithUU 0100 § RIBBUG

Usaece dUjgeoedeaddglUggisUtUsayY UaszUa e 3fUsed U

B cyyostehd Usg oaUsjyaeg U dUjesoaydA2p BUd yoos3
Gbgseigde dUjesayd st 3U0d:

T ¢d3 oi} o0 dUj eosoe(HeuseZdne)Uddg oaUUssaalUd
T ¢ds s13d “6g Uy sayc UsTrothbdeaTrombezthe)sq Uesg Usaca

FUds GgoeaUejyoseysad UyoUGaU UzU0UYGUdoaUs UyGaUy U

T EUsyYrnegad U o6 6sdeyse e€63Uyae oaUUssesald 67
Trombe.

T EU3s Y a6 ¢ U a6 65deyse e£83Uyas oaUUssosaald ¢
Trombee Weace dUjesoed & YdlUahollsh tigaspemdle U Yoo
45 cm.

1 EU3 Yy a6 ¢ U a6 aloydeesy 3aU(kseeza a Ud e U Uds usyYU
Trombee Wleace dUjesoed e VY200, gbskhidgphdegUdydd
BioPCM Q29  Ycaelgcthao Us (g3 6 a86xf. ~ Ycad

T FU3sYco966 40U a6 85deysae e£63Uyas oaUUssaalUd ¢U
Trombee e adelby e soe ) § Yo gy sdichhageislb i UsaUoed GYOd
BioPCMQ291cm aUs (G g36addxf. "~ Yecaed

50



62 seoosllesay¥Y Yyeliececscaxldd

GoaU Uds Usshaeily oUsUst 3 "gjedifBeessstaliddexdsdoa Us U
"1 89} Yee UUU208% @persStudioplug-i n aUs EnergyPl us

B SketchUp

6.2.1 Sketch Up 2018

¢ aSketchUp Ua3 Us y3 U U qgehooq dipxeadlsgigoes U y3 U Ugy i GYUOe
UGUjyeeot 3 GecUUidULidgUthodkedd e e g @dadilel
"Usc3 @ eo UsTrimbledie. g6 ) U3 0G0 Us Uds Ui a6 o
sjeosd@pduaDédsByorp eUsldy lisg o j Y ecpliihdY oo ¥ 3
aUUUGaUgUGUL 3 "8g (GoseaesaUsei3aUUs (ExtensomU Us & d |
Warehouseo s U 3 U ~Uj YGeegs ,f73leaUd uUgs3U0URUqQUUg

op
¢ @OpenStudoVUa3z Us e€sU “~aUUGR; el "6g UsUdyUUs Uy oUal
safhoadydd Udd UsUyoUsUsed e63UUae sadtdd Usg
EnergyPlus.z UU UG43 o) Ulitelbjliess o0 Ualyg s o WdIRJ¥dug-in Open
Studio 2 s U Skéeh Up Ues " e dwa3elnulU U yaUUGd GUes Udecgilsay

e 83 0UUaas Skaict Updilf grrimbles U%” s Uy ¥y " Us GUesgd 63 el UUd 30
9392643 U0 Ud 92U0UxveU0U) a UEnérgyRus 740 s UUa UUs o9sU Us

€&

EnergyPlus

[y
()
C
Co
(o]
[
©«,

6.2.2 Open Studio plug in

6.2.3 EnergyPlus

¢ 6 EnergyPlus Uasy»sU ~j hopyleelest sarvldd UsyyoUsUd oUs
6yJdioses 689613 edcUssoasa, Ujldeslysdsidlad oclthsd (U}
aUUUsYoarld -U9y, dgp®gsdd, yiasd,, Od0pPoslsf, oldbdae
o) Uodbdmp Bdid 3 Uj cidda o 8daD s P e o BYASE dJUNOE-

263U UiecddoaUs GUU Uyad Udd tUaUU0UaUd Usg 197
1980 ¥vd UjoUaUaU "jeleesaxiidd UsyyoUsUd aUs (a

(@)

51



Us
0,
iade
g’ @
Ud s
Uv s
¢ Uy

T

52

atise "y hbadeU U R Uie UaUlged fihdlfidg tdUsoy
o¥34B U “~oseded bedddeyYUvrs, Gge U);saUchUseseys
sgjoalU UjycUavrs Uslhiseg 6ydidosees 6ot 3U0Ud eal
286090Us0f -llawmaeh dsUEBP]d utsUcUaystd Ujeclaxs |
UaUyaPétesxl G U¥3 oWComparmRe 205U Ud Giooaysild
U gUUaU0GeYUxs Ui e e " Ur» 0 Uy Unliss 0 Y § 6 0 «
UaUdy st UsayY "} 6oy ¥YEmgWesy U)jocedleheraswigsd

Basgoady vyeysad oaUs UUgURecyesd U asagtd Udd Gg
aUs Uxvs3 usUGgsuliUeysrs 3 vyUUgh3sUxs oaUs U
"3 Uoe Uddics BUdIs Uy Us Uas Us. U Uy UaUdUe
j1e839aY beelUUU "6g oaUdejaesea3lUUs U K Ue a6} e
99U Uds UesadaU autuy Udd eUU0Usi Ujwd Yoz dads
aUdi d oaUs eU0UUbadUY GjJe390aY beeUUU 95U Usc
dUjyeoat s es¥313 oaUs Urs GguaUdevyUrs HVAC (
sesceUblgeil®@i 8  6aU UsUGeye 89a6i3UUs osU 3
GU0dU; RUQUU Udd ei add

ASCl | Ujes(di® ®lWlseyszeg "e6g "~ UjysalUeb¥3egs vj ¢
G} 8359068+ beelUUsd " adjeiejald UstGhueg oaUs

U eUUayeUUU U Ui 8 oUs eejie "6g 8j3as630C
gUcssoe U aeagidd U byYdd Uds dUj; eboge o906} J
aUsjacg, "eg U sUypy Us Uss UUgUhcyese g a
UsUssebsaald aUs Udd GgsUovoed aGUds UaGrx U0y -
aUUY Ud usYjaUsU o¥dU cj3je3906i beeUUasd

3 6eacosliesid e¢U0U0UGey ¥Yd dUy ehUdUUd G0 ) eld

Urxs oaUsjaxvys h ¥vd UasUs 695 Usaces, 6s GUyoU(d
bUaUsyeysd e63UUas sadid Udd eUU0UGey ¥Yd dUy
cjeld ee63Uyavy3 “6g G6J)dloecee 696i3 UystusydaUL

aUs U aeglUUgey3Ud. UsUagUsayd UUecssayd
FgalgUQOewyseee eaUUGe) ¥Yd dU; e hUqUUG oaUs e¥esUd
U ey hidadd / U ebesaed gofigdé oy addd]wejoeeidd Ua (
Uovo9ehUdqUUJ eEMBB (EffectivesMoigtares Renetration Depth

Model).

z63UyalU dUjesoaed Y3sUldd ~ edinBodeesabdds , o Ud s
dUjeegoy UaU 3dyei beabei, Uds goj UdalU saa .
j 356 Uj 6 9af e83Uyas 6gyUsei 295U bUaUsyrey:
desUesed UsaUssebsaald GUsd oaUseaseyslUd U siyYs



1 Yyedoeyscgd g easoslegi d UsesoeyYUrs, "8g
UalUochéUp ttaaitdemUalUyecy yeosa¥Y glUeasgidUYGsU.

T FgGUeeUUU HVAC bUGsGeysU G0 byheegd “~e8g U
toUesj it 3ag3 Ug sa¥ oaUs UaUlGytd Uye 8 6sod:
UsUGgsdyUesga Uess ~doUae oatilisalU Usg "~} B89) Yee

T 3 6eacosliesgid UUealdidush sk deg i O&30e heU3Ud
CO,, SOy, NO,, COa Us gy eoea3Usdy Yoers URGe 295U Uds UG
U eeUsjgleysd ¢U00U0U; e & UsyyoUsUd.

1 Egsltyteegd eU ¥YooaU Udecgilseae "~ Uysb¥YaeassUU
WI NDOW5, Us WI NDOW6 oaUs Ussga3DEldi3ghts e sadd 3Uk 0
Us¥Yagld Uxys aUUUGaUgUGBUsat 3 GUesscUaxvxs

6.2.3.1 EP-Launch

¢ GEP-LaunchUa zB4) Odgs3Bdd s UUY &néidyPldsy Ued) )3 e UUd
"eg dyeaeegs y3Uz U af Uy h 8 U oomnergRus,U);Bddars ol
EP-Launch " U} ycUs UgUR oUs " eaadYyy&B8BaU.0U&KS s cgweddd
ig3UUAUdYdaysW 3 hoy UeeU U UsUpoUGaUd oaUseysag
aUs UshliegysW@UgUssaadiUsah (i aae 95U UU Ujoe
U UzU0jalyeedll "} ho0ysed daddd saUesi o950 Ues Uy} e

Oa U
ae

e

|
6.2.3.2 |IDF Editor

B U UsU0)bRaGelgs UgURd ¢ 46 g0 ¢ o OENTIPLS d d

sU 63e000d "e6g dyasgs y3Us U afh Uy 8 Udesas
Ueeysys EblesguPiusi ¢iF) , Ué UsoDG UnFd Uy ycsUs UgUes U(:
“dy UGaU. B UOFUXE; ¥0wdls Usd Usthusgd 295U U(d:
g 6)o0ey3U UysdedUosoeay¥ "~ UtaU U stdeUaszesUUs [

]
uv
g

“"OtaU aUseyseg U sldeUaszealUs &¥s "~ Uysycegs €9

B UUdoeQassesy (6g e 63 8i3 3U 6)jdlisee 8addei 3 oc¢
y3U Uj c0asU0®FEi 3UUs U ' f ¢9 Dbjecs)t iyl yUdGso @S spxss
UstliYoeaUUs 69 U oldgbpUsfdpaehd®WUfegUseUs) aasg.

U eUdU Gegde ) o Us ¥ dU@roufs) EsalicUmlislUls o(Y oY 6sUd U f

"e6g G6)Jduoses @oeddeaUs GUes "~ jhHoypUeeU UasUs:

f Simulation Parameters: ¢ GgooaUoa) sceyYsdoble B¥BUs ~ady eiiey a
6 awUdjdgBds “~jeleeasarlid U usYleyegd Ujh a

f Location and Climate: j gUe d e6eYuU UsUsaUseyszrxs Uy s

"Uyesb¥YeaasszlUsd o050 Uds “jelesesavxid

53



54

Schedules: Hee YU UsUsoaUseysrvrs U’ 9dljdas jUms UbUcGU 6
cJe3clisoslUoj¥eeligotdUrxiit s aUslUsghyaolg Uesg o
GryUslehd, cmadipdotcdds al sy WsdmsriUdUU
Surface Construction Elements: | gUe d eeyYuU UsUsaUseysys
Ggloesoeayd sushUdqUUd o e alhd Bigs Walh UG wd) ) 2 ® WUd
Usg oUsy aasgesh Ureda clbomes Use s & Uyly Ordgl,goyUlbU alisy ~ Uu U
"hy UOd.

Thermal Zones and Surfaces: | ¥y ad dUjesoeyd s130d aUs U -

(@)

3 e 84 U0a 30 "jyeleeesrdUa. jgUe d eevyuU
Uy UaUd)yastUsay Udd dUjesoeed est13dd oaUdid
U sGY¥Y3UsUd “36ly ¢ gqs3nblleeclUsss dqdUa.

Internal Gains: ¢ CGgooaUagexdiys dsUsoloscefa@édvyUU)saayiUs
ayjstid “6ggf Ygpmigs OUR[y xgsscdgiyyresia 06 Us
sYieyes Ui 65 Usze oaslceai.

Natural Ventilation and Duct Linkage: EUda e Yullg Ue U ydg
tgsUUpUddEBaqdqgdeladgcaridd Urvs et 3 Uy U ~goo
"ed@Wadd®sei 30Us Ue) ey 3¥s Wdad Ude U jUsdlg Uooa Ul ¢
Uy U.

u
G



63 FcUusUlehd oWaechtymg G Us

O " UsUU U Uds Opep Studig plugihdies Udlg sbYeaes Uy oUGal
"1 6890} Ye sketthagisUe gy Gt 3U0Us vd Used:

File Edit View Camera Draw Tools Window Extensions Help

G /Ol SASCH L EBG2ZLHOER ®

|

AEG AR Qéx::w. -

El

H

Select Tool
to

other tools or com

S Eap

€]
(2]

Drag mouse | Measurements

Zcee U Ul blremn SketdgUp.

FUds 6} 96h3UsU o3 Uecee UjoUalars fshkemhitpes UUs UU
U3t 69 lUge oaUUUsafRglildeieadgd UG BUUVUGBEs 8UEI0Y O d
Open Studio. Bs 3 oaUUUsafh)gtiUd o3 Ueeyd Udd U slGyYsUsUgd
"3 e60UsUUsaslieh Usg aUsjyasg, U Uds "~} YyY@Gssad 3U

631 EcUlisUlehd 7TijoaUd HduseZeneled €. 3dd (

wdessgroal FUgdo Wadgib UREHBGEsoed

sU GalsisoUdghoUs ) ac g Ul @e g el Wally ¥HeuseeZore) 3 d (
eyir Ueg U opdresildie Jew@page * s Us ~UUL 300g GUd Ggsyoc
yallde Wae U slGY3s Va8 dg U yllgtiebd bed U ¢ aU Uscyd
sgliosUtUsay¥Y U @gUUasi3 UU fHyoasU Udd dUjessaed st 3d

55



File Edit View Camera Draw Tools Window Extensions Help

NG/ CH-SPECH LB G2 LHOBR @

ERE-ER RS XS WAL Y 533 0

EEENEEEXY )

Cr g 4@

]
()

Drag | Measurements |

Fcee®l 6AstGUorvoe TijposUd UUjeooed ¢

7TYsesUUd uUs afh oase GUs3 oibs, U3sUjoe8 85U0alU:
e 63 U0Ua 30U GecUUusyYOUs y3U 3ye 6t 6 Usg 8 68aGBQg G

v*d aU0U0UGaUge Uy oAUV U U H U EnergyPl us.

File Edit View Camera Draw Tools Window Extensions Help

NG/ CH-&PECHLAB G2 LHOBR @

mooveamermalogz ey

a
®
&
b
@
L
®
%
L
[

ift Drag

Cr g4 @

(]
()

| Measurements

FceeBlA60) 06 6adid TijosUd UU) 9ooed

70 cyedad Udd Skewheppshgpes®Regtangle @ G Utis¥Ys UUU Us
"Ujy a0y UeelU Udd avYUsydd Usx/mew) ad calldgu afli Wdndsc
dUe ~ obiedstoass UUY Uds ~adeaUjeahodidq Usgd

56



File Edit View Camera Draw Tools Window Extensions Help

NG /O A SISO HE L EB b2 LNOEB|®

Qwessds

TAL BIOHGARCULRE PPTT® 4
&

R )

<5

(<]
e
.
4
8
:

Fceecll 6EcUlUsUGehd ZYUesydd 7*Uc

270 cretd Udd Skewhgprugh/Pille® gyiL 300Us d oYUsyd @
O sadgedUhrsi y3ad2pae seagy o 0alUUs 0 UgUfR Ues Uy fh e
o9t} o9Ud Housedode) ( Usg oaUsjaeg. AKAasUs UeclGUsyd HUs I
6} LeUU0U GUsdsurthces) i YB3Umalego I ¢ U Us Uz "~ 3 HoaUsUUs o
Y Uie UUaes3esUUd yUas Ue HUs UsUosyjyasUs Uy
aY 69U jidestd U H Uss cjeald.

File Edit View Camera Draw Tools Window Extensions Help

NG/ H- SRS H L EB 2L ORR @

+

Push/Pull Tool

Push and pull Face entities

or sublract vohume from your 3d.
‘modls.

Tool

1. Hover carsor to salect 3 face

2 Click on the face.

3 Move cursar to push or pul face
into 30 form.

4. Click to fiish pushipul

Beazalnecnd®

5 Esc = Cancel operation.
Pre-Pick Tool Operation
1 Use Selec ool 1o select 8 face
2 Acthate PusPul too v
® @ @ | Dragto push or pull face or enter value. Ctr = toggle create new starting face. | Distance 320m ]

Fceeb 6Bacooe) vyld EeUusUlGesgi T (kjeolboead

PIALBIOHGAROEILK G P PHTIT @

57



FcUlos Uiseshoch e YU¥3 ¥i 3 oaU0d UUyeosoed €ZiL3dd

zU ey etd UddSkéchUsTapdeadwaTool € ¢ wdldJd fogo U U
“38d GedeUUstGeh ~ Uy BaiximgUsoso@adgyagdisoaci Usaoce
Usg oaUsjaesg.

file Edit View Camera Draw Jools Window Extensions Help

NG /P SBSCH L EB G LN OSR R

B ecsan

<

RAREILEE-EX Y XS WY - K53 0N

<]
e
L]

int or edge to measure from. cul I tength

Fceec€l 6B saljed)wgs ~y 6d GecdeUUsleaqi

EUd GgayocUsU ¢ Bketthdp ShimesieRectangled™ G e de UUas U0UUs Ua
"UyYdgy a.

file Edt View Camera Draw Jools Window Extensions Help

NG/ HSBEYCH LB G 2LHOSE ®

LR RS XS WENY LR
BREQAOEeCO8

C> 5 48 (m ¢

® @ | Select first corner.

Fceell 6EcdeUUstehd

58



0688 iheydrtlW UnsUN18 hix22sm G Ud 3
Y Usg oaUsjacg.

file Edit View Camera Draw Iools Window Extensions Heip

NG /O HSBSCH L TIBP2LHOBE R

A EPILEE-E AT ST EILY 51
BRERecso®

U @ @ | Selectfirst corner. | Dimensions |

Fcee8l 6Ecde UUstehd ~UypUdijyeg GUds C

U0 00dHUs» Ue "1 hoyUeelU e6¥jad a¥Y o500 U yebUG(
GedeUUsGeh Uxssubsiidages) ¢ ¥llaegd (Usacegd PHBdmPYeas U

29U "Uyp¥dgye d ~fy UO.

FUdeyoslehd jULUsaUdyotUsoar s FijyosUd UUyessed € 3

isU Uds e6eeceaey)rvlid Usg GeUusUGeasgi Udd oiy) oalUd
U e @pen Studio Set Attributes For Selected Spaces B g0 e B d &) eliUs
Uy UaUdqyotUsay Udd st 3dd.

File Edit View Camera Draw Took Window Bxtensions Help

G/ C H B4 CHLEB G 2ZLH 98B/ R

Moditier Keys.
Ciri = Add an entty to set of selected
actities
ShiftsCu = Subtract an entiy from
36t of selectod entites

‘Shift = Toggle whether an entity i
‘wathin set of selacted srlties
ClreA = Select ail visbie entites in

Ll

il Set Parent Thermal Zone's - Ideal Ar Loads Status [<no change> = -."
@ Set Parent Thermal Zone's - Thermostat [<no change> = ".-‘
& S el

w Select Tool

e T
El e

L

W

]

Pivslminsaamornanggazsef;

@
(S]
(]

it i | Measurements

Fceec@l 7T6Ude) stehd Uy UaUd) oG Us sHoase Zohe). o




zyGy Ueg U; OpkeStudie mspéctog ™ ¢ ey e Udd yeUs Uds tgs
30U UeayoeclUs hRalUd Usd " adyeiseyald Uxs U siGUsUs
Y31l 3.

@ Openstudia Inspector = a X
Select Type

05 ShadingSuraceGroup (@) ~

OSSurface (6
0SSubSurface )
05:ShadingControl (1)

0SWindowPropertyS rameAndOwider (1)

OpenStudio HVAC
0S:ThermalZone (1)
Openstudio Lighting Simulation
0S:Daylighting Control (0]
0SGlare:Sensor (0)
OSililuminanceMap (0)

05 BuildingStory (1) | Ouection o Relatie North
OSDefautConstructionSet (7)

OSDefaultSchecuieSet (32) | deg
OS:DefaultSubSurfaceConstructions (14)
05 DefaultSurtaceConstructions (21)

s
=

0
-

ot of Total Floor Area
e

Design Specicaton Ouldoor A¥ Oaject Name

Bukding Uit Narma.

“

FoeelDBaUosced cUj UaUdyastUsal 3

OUBseoad)  BdlWasdlisegh U° aci oUsjaesg e¥jad Uess Usc

sdeoUgldostm ¢ Uasg

z0 c6yetd Uddg apenUstugie $avel@pgn Studio Model As I
U eaddlliaUUUGaUge Uesg U’ aciosmdldd mlesy ol W) aesbesy o

y3U Uyl 008y sU Giooaysldd.

File Edit View Camera Draw Tools Window Extensions Help

G/ C H SBHECHITB S LLH OER ®

4

¥ Save OpenStudio Model X

v A | « Emedvea epyaoiag > osm files v O | Avalmon: osm files

»

Néog odxehoc =~

Hyepoynvia tport..  Tumoc Méyedoc

Aev PpéBrway anoreléouara yia Ty avadman oag,

 Avieipeva 30

ifier Keys.
Cut = Add an entty to sat of selected
entities

Shift+Ctf = Subtract an entity from

Y W Bivreo
1 Eyypaga
L} = Euxdvec
@ = Emgdveaepyat v <
W ‘Ovoya apxeiow: | simple building]
@ Anogikevan we
Select Tool
Select entties to modify when using
a S other toos o commands
® Ruciu
L}
w
7]

Click to leam about more
advanced operations... v

Drag mouse | Measurements

Fceell: 6) cdealgiWd e@ileyamsg wsn U U

CrEa4f B IORNGARGEAURE(P T T

@
L]

60



632 EcUlUsUlGe hd s Y Trosbd @rombedane)g

mdessgroal Ugyalys A3UU; s8¢ c(Houseldane) g¢sacae UUy es

ZFUd GgsyecUsU bUGsshelUsss GUqdas
Udd usYUUsddTrombedldabBeacdlg Uy UaUqU
Oz3U0U0;s8eei. EUmU ROO0OGH; 80U18dd U0
Usaceg Uesg odliag @isdg jUnlizaOl bz ia Us
6.7mx015m.yeeoaU eU Uss tgBaxadilechulBdi )

o &

U3 Ue ae GketdhaUp Tape Measure Tool ¢ @3 aege3UUs UU fy o0 Uxs
dedeUUslGeh dgjyatuvys UsUU)sleci.

File Edit View Camera Draw Tools Window Extensions Help

NG /O HSHSCH I TB G 2ZLHORR R

ERE-ER TS 8 W IANE N R4 5

B necnd®

SR W

]
()

Foeell:thy.c sy stiofgyd Bysrvdoc Wgg Wliesrp (Hheal
O UsUU &0 U dsketchup(Bhapes->Keetgngle ™ & 6 d ¢ €4 G Bibg a8 o
dgyauld UsU00) strameé. Usg Usacag

Eile Edit View Camera Draw Tools Window Extensions Help

G/ C H-SAHSCH I EB PLLHOER ®

ERE-EEET XS EILY ERE 0T =

BB e

ChrF e 9

® @ shift Drag mouse to. | Measurements



wdeoscegloalU FUsi (iedgihmips YUUsdd ¢cacag

isU Uds utdesegy) oalU Tdmpe Wi st UWeddUd e@a Jdam e gUs U
s3yUd dUjeodremgbeBongd dE y@r Uesg UPperdsildiosNew Ue g

Space ¥ aUs oWUOBUsae cadid Utk €U Us Us af

file Edit View Camera Oraw Jools Window Extensions Help

NG/ O HSBLCH L EB G 2ZLHOER R

_______

ERE-EE Y TS W T Y- Ei

IEr Y]

er an entity is
within set of selected entities
Cut+A = Select ail isible entites In
model

Cr E e @

[S]
L]

Cllck to jeam about more
advanced operations...

Drag mouse

| Measurements

Fceelh: 6 Aot Uorvoe dUjy & sTeomige (TsombedZohe)Us a ¢

TYsesUUJ o} e dshafasgRettanfle = eligs gketch Up & ¢ U el
yOGU GUd 3yU dUjesoee ot 3d 7ymx0.10 mdieso 1a 's6sa alis Ul |
gtosUlUsayY U eUUaUa Uc TombEaUssUe yUgtoc eyl e gos

Eile Edit View Camera Draw Jools Window Extensions Help

NG /O HSBLCH L EIBG2LHOBE ®

ERE-ER RS XS WA Y T35 20t

L}
&
-3
- Orbit Tool
s Rotate camera about model
s Tool Operation
1 ik anyhers i dring s
@ 2 Move cursor In any o
rotate around center of drawing
¢ Seipin
L8 v S = Pan Tool
Y&
»
A
G @ @ Reaty | Measurements

Fceelh: 6 EcUusUlehd oavYUcsydd Urmibeys g

62



Ud Gg3syecUsU e U 6 )Skeich UpURUgh/PQIs® cpyerdsUUs g d
aYUsyd Usg uUsUsys3seny, GdpldyBls Uwsd Ba 2i yad Usg ol

Ele Edit View Camera Draw Tools Window Extensions Help

NG /O HSBECH L OB 2L OER ®

Baacpeced®

A EBPIEEE-EEX RS XS XA Y 533

e
L]

Pick two points or drag to push or pull face. Escape = dlear selection.

Fceeclh 6 Baagooarey) vlid

OUts e6oasoadPUabiiffs oyYagliead Udd dU Tsombeed 6t 3dd
(Trombe Zone) .

mdessgroalU Ugyalys As3UUj s8¢ ilromb&gose) ¢gsaacae UUp eo

boyesspcdgUlesdi U0@pPB8d CGgs3ysWls&U g ¥YyeUs d ugsU
OUi UdgdfUede wddeg 6t jeg Udd oijosUd dUygoesoed st 3
Usaceg Udd dUjeseed st 3Tdgothbeled de "ltesdveldl sedadt a0l igU sl
sUsaced dUy ¥k 9jpe dUEevsdlylsilde itsUs 3 U Usidlglyost (gt } @
U300y s8eei. 95U U¥3 Ucgapied®fd U)emo0i } 568 GL J 6
Ud8 o aMdideeU 6o 008K jdgdddd oi ) sUd dujdsldeasUsdd
UgeesahUUyd d "jhablUGdgthgediUBhPgescUgaege Uasg

20U Usajyobitd Uds atoUslUieddgpeallpli®de®desWlakssd aiis
sUGUyYaUsd aUs U sguaUyaUsd U "jedoegeysyd.

63



File Edit View Camera Draw Tools Window Extensions Help

NG/ CH | SASCH L OB G 2LH OSSR ®

PEeslmsoseamsrraegarzey

L]

L ]

L]

e

-

1

I N

&

L

B

® @ @ | Selectfirstcomer. \miv\

Fceelli: 6 EcUlsUlGehd dgj atrs Us UUTrembe (Srombé
Zone)

K31 G0d GgsyeUsU usUsah Uss UEdit>Uohide>Allls Us ae U

Ue G basdleUlbs ~ ‘Wsofls cad] se

FcdeUUslehd 3Uoclfotddigli acg ¢8aGag

s vYUUsz

¢

isU Uess GcdeUUsleh Usg gUecstUUGaesg Udd
SketchUp Offset ®d e ealU U osUy;y Us Uds UdesegyoalU €90
UsUacoalUd U0 Uds U’ 9o Ub Heilblis ¢t UdbdeU U dig & ddiz
cJelUK ceys WPB sHdhowmiéleag oUai Geagd Udd dUjesosaed
Ucadrempea Us U U RaUUGd U mi dde Gydad) gllisde WY (Da &3.

file Edit View Camera Draw Jools Window Extensions Help

NG /O HSAECH L OB G 2ZLAHOBR R

ﬁ
-

EERE-EEX Y XSWEILY- 53

BaEQ0e o

> g a4

]
(]

ap. | Distance

FceeU: 6 EsgecUUst0ehd gUaa( Ultbitkes g U o

64



FcdeUUslGehd UgratulUd j eilGhy Usidd

Besayvyd e¢U Us3s GecdeUUstieh Uxs ~ Uy U ¥3y dgjaitrs
U @ §ketch Up Tape Measure Tool € 8cdeOU0WsydU3s Uesg gUesedUUlas
h1oaU0 Udd “3e8d GedeUUsteh dgjyauld md3U; 8adgei d
aUUUafhygtild UslBeadecde,g B.HAUBem U ' f Uds Y3r 6} 96H:
tsUGUYGUsd 6.4 m x 0.10 m.

Fee Edt View Camers Oraw Tools Window Extersions Melp

M VAdad MUERX Y WAL XFE A X 1]

|

+

|

(I

H

PEerBiOHeancrraofse
HRER0EeCRBO

e

e

-
<

e gides. | Lergmh 015

FceeU: 6 318 0Usa6 ) 909lh dUassy alveadlegy lhsicUegh 4N df

OGedeUUsliehd U¥s dgjatrs dU ShapediRectabigles } edd Ud
2§ 6 sketch Up.

File Edit View Camera Draw Tools Window Extensions Help

NG/ H AL CH L EBG 2L OB R

*

EXN-EXEY XS WEIUY -840

®
@
o
@
b
©
w
L]
&

Ciick to leam about more
advanced operations...

TRy

@ @ | selectfrst comer. | Dimensions 649,1 |

FceeU 6.20: FEFoeodeUUslGefhd dgyjaul

65



FUdeystlehd j UL UsUdystUsoaiTsomieU) esoed €L 3dd ¢cac

isU 3U e6esoeadyydUa 6 oaUdeysltehd TiOodbg dU) €9 acx
6y diosca @&sUc 8 Bpelguglio Set Attributes For Selected Spaces &3 .
ZUds ~jceollpaydglid U0 deyasdaogl V) & ¥e 1 jdo Us
3yU dUjesoe s13d cofpBdldedaUswdoyd 69

NG /OSSP CH L EB P ZLHORR R
Tont.

Defauh Tray o
v Entity Inf
e rac ]
M
Mo
o Materials ~
- Components x
Gt Styles. x
' o SpaceType <hew space type> e =
Building Story Building Story 1 - 2. Shadows 2
Scenes -
. Construction Set <no change> - . Instructor x
= Thermal Zone <new thermal zone> - e
® Set Pares Zone's - Ideal Air Loads Status <no change> -
] Set Parent Thy one’s - Thermostat <o change> . 1
¢ g [ > ] o | N ____
* T T
w T
i Select Tool
& Tool Operation
"
LY
A
0] Select objects. Shift to extend select. Drag mouse to select multiple. Measurements

FceesU: 6TPHe) stiehd cUj UaUdy o0 Udgrembe. d |

Ei cUgad Ux3s UUjesatl 3 Zr¥3lL 3

isU Uds eeeoeaeyvyid Usg GecUusUGesci Usg “~jed Us
cyeld Uesg UjOpdhstidiosSyrfateeMatching ® ey Gy Usg 6 eaasg d
5a3U0s d UUiUstidq Uxys U 9GU3Ust 3 Usa¥Y oaUs Uxs
GoUGey OUsoaeid 6l GagagyY UdodrUBadiss UU altsU GUssc U
"3 8oUseysad "~ Uya Uxdd UVUaszUs d UUiUslGd 0003
byjateae3aUUs GUe3 o9ij}98 6L} e oaUslrodmes Udut ges alegd s

U¥s 2 Usacwdicde UpdaWYasgliohaliond¥s 99U y3Us. TY¥
aos9e GUds UsUsee UseaoUs y3U sMachinhBntiedg) s h @
Modelo a3 UUUs d U’ Uy Usutfeded d UstbSurfatesti d U ¥ 3

66



B Surface Matching - a x
Irteranct et Crde Inter-Tone Surfaces. (e

brtert o Erire Moo Intersect m Sekecmon.

Match in Critie Model Match n Selection.

FceesU: 6 PR Us0(q

(e}
(&)
(e
e
w
c
(O]
w
(5]
C
(O]
«Q
X
(@)
(O]

gyacd, &0 oy eld Ofeq gudid Sdie GpergStudie yodel As I
203U00U0Us d UdaW@@idgglge s Us) aseg &U UdBombes YUUsd U
vd Uj oesbhas

File Edit View Camera Draw Tools Window Extensions Help

NG /O H GBS CH I EB PPN OER ®

v |0 | AvaZnan; osm files
Opydvwan > Néoc gaxehoc = @

Hupounia tpor..

Tumoc.

Asv Bpéenxav anoteMopata yna T avalinon sac

R EPIEEN-EE Y WAL N -3
RN

U @ @ | Selectfirst comer. | Dimensions

FceeU: 6)28deaUgdd o Umombesrg &) csmwUU

67



o o ~

64 A Uz Uj; oUGaU uUDpea$tadios G Ua
GdeUutsUleai
UekGs P o tldisdé oo

6¥3Ll 3

O " UsUU U K Uds eecoaaey rvid Usg
"} 89} Ye®poristudio JexgOUUs
aUsjasg,

Ues g

Urys dUjesal 3 aUs U¥3 6L rs3.

"98 GgooaUoay oecysSpacas ™| 3 aa GplpxegqbdaUsaioliy
tge oaUaysU.
@ umpie buising osm o
e ::(:_f:’:h‘\”ew! Help = i v
O] [ Conwnt | et Cuers
71 || e sy Theesal Zoow Speca Type
[ Bl Ja

S
@ e i oy Therms Zane Sovcn Ty
= s e et o oy
7] | E= (Bdng Sy 1) varmal 2ona 1) GoaceToa 1) g5 &9
%]
G |
2]
@]

&% )

FceeU: 6] 2dab UsU) UaUdy st Usal 3 VR

File Preferences Components & Measures Help
| [ Froperes | [[toads | ["Surtaces | [ Subsurfaces /[ iterior Parvions ||[ Shadg

Q General Arfon Custom
77 || e sy Thermal zone Space Type
= (an Bl Bl i

=3

Space Name Al

@ sty Thermal Zone
[ O Aspl o Selectnt Aoply o Selcted
= |3 o Buidng 5y 1) (remaizons
7 = |[m] (Buiding Story 11 (el 2008 2!

L8 (O(F (B {R{8{w{!

‘Water Use Equipment
Definitions.

‘Water Heater - Heat Pump -
Water Heater - Heat Pump <

Hot Water Equipment
Definitions.

‘Steam Equipment.
‘Definitions.

Other Equipment Definitions <

FceeU: 6)28s0Ucacoaldq Uy UaUdy o0 Uembe.s

K31 G00d OoogsyWdilsUs U0 e agh@ U Us UgsoyliinUelie g

"1 80 Ye €nethgRfus G0 ecPieUddfa YsesUUd 3 etd Udd

68

UOvs

Z Uc

03



File>Export>IDF. y @e3 U} Wronmbewallgsm 9t0e oasegs UzUoxvoyd
Uy e URFW, sUp 6 Ua viizs Uslils } AJUpeoUUg U CGgebUma s o UdhH U:
Usy0U0UGd GU3Y¥YysU U Uldombeldddy Uilbsti s awg cBeadeeg o UU
U 03Uy oU0GaU Uegd <eEbergyBlas. " AGHhpBse B GeollUsUGehd
“"UyUeys3Us 6 altsed oaUs UsoavYsUBomehsa Uz &SOGAUG
U Uy UaUdqUd UK Uds Uyee d GecUUaUGd uUsUGey UUsa
teyvyUUs3(.
A ceysrxd U’  Asimplsbuildipgoshoosa 3 O3 Ue vyoe Uesg Uy cUacg

1 simple building energy+.idf.
A3zt U f UtombépalbsmdlsaUovyoe Uxs Uy ecUars

1 simple trombe wall energy+.idf

1 trombe wall concrete pcm energy+.idf

1 trombe wall pcm energy+.idf

jgUy UU igfU0Op8&UeBi 3 sglsUBUsay UU 4 "~j;e8d UszyU0UG

Part of Total Floor Area

“«
~ Anbrpugn paxihuy Axvpo e
Electric Equipment )

FeceeU: M3 @Byoe df.cUaeg

69



6583 c08ecarvid U Energyes stiesah

651 AstdUovoe oUsysoet 3 UUUseys3Ys

] 36a26830U0d y3U Udf A3 dddo 08 cWa Ep-LAynchdgg @
"1 69} Yee UbliregiyPltbea g FUs InpuBIE &g aloaUUUs d Rydd Uesg
U UaU03oU0GaU0U Uy 6 Uaac yeatlles File 0 Ue oy »dlgdi® ¢ U U0} ¢ Ua e
G0leeysU oUsyei Udg Usy@ywabdgiddegy dgooUoa)seysd U
3 U0&Eas U0 oUayse aUds | desU.

File Edit View Help

Single Input File | Group of Input Files | History | Utiities |
Input File

IC:\U sershuser\Desktophdiploma thesishidf files\simple building energy+.idf ;l

Edit-TewtEdtor | Edt-IDF Edior |

Weather File

IC:'\E nergyPlusy8-8-0\WwWeatherD ata\GRC_Athens. 167160_IWEC epw ;J

Browse... |

View Results

§ o || Eioe | _DEW | ELOWP| | oND | Bewou| _Bsmicov |

7]

4

Simulate... l

EnergyPlus 8.8.0 Exit |

Ecee U:wU2v7d §R-Launch.

70



¢ Uijp0ad Uxs UyeUaxys U0 UU aUsjsoayY UsiiceysU ¢
UasEnergyplus G Ud 3 U svgathegrU U
€ > C | @ Aogol ttps/energyplus.net Quw @ O :

‘e
Weather Data

View Weather Data Search Weather Data
Selocta rogion below o view westher cata

Region 1) Koyword Search

gion 6

Browse Weather Data
e on the markes

s i the map below 1o access westher dat

o

FeceeU: 67TPBUyaU U0 UUUGseys3 U EhesgyPus. U

gy 8g 99U Uds KeaYiU g Y)jcegB3dd) otleygoyY uUlace

1 Udd j3itjUbatlU (earvreh 6ad Uesg 36ecai ¢alald)
1 jdesUd
f§ UUGaUae3aad
« C | @ Aoparic ps://energyplus.net *® O :
'e' EnergyPlus

Weather Data by Region

All Regions - Europe WMO Region 6 - Greece

Select a location

Andravida 166820 (IWEC)
Athens 167160 (IWEC)

Thessaloniki 166220 (IWEC)

Learn more about \A

FceeU: 6TP8) 9aY tUueseyslU osU

o
?

71



652 K  UaU; oU0GaU uUIDE Editar§7s] G U
isU Uds U U3UjoUtaUIDBEgoaUayYfUe®lyabpdldeg Us Uc
IDFeditor. j gURe UUU U3 oUs Us ~ [Efipmypliss IDRJeditor. Us Uy o UG o

C File Edt View Jump Window Help - & x

D|c3| @] Mewobi | Dwobi | Duwon+Chg| Del0b | Copyoni| o |
Class List Comments fiom IDF

energyeidd |EnergyPus 860/ “les

Fcee U: 6 8P o IDF Bdios. 3

70Uy Uds U U030 oEdU tegUd,efatgqg aY sgoxs U f
aU0Udoe) st 3 Uesg Erfeygylos; Yg UG &d o A0BdIUi v’y ddg Uddg s U s

dU ;e UadU0@WU% g UsyUUGd GU3s¥Y;sU, 6 eosecle aU
Us 6 6as uUUs dU g ¥YyeUs oaUs GUU 4 GUsY; sU dU

6.5.2.1 Simulation Parameters
T Version:TUde) asUs Uds yoailield EnergyPlus Usg Ujc

§ SimulationControl: A~ s Uy ¥y~ Us @ Ue ¢ Gal Ulla 8dlg ¢ Ugl'ag adid)=s

dU "~ 3 UoeUUs @89etiUs esUEneldyPres y3d ~jeleeasarld

o Do Zone Sizing Calculation : ¢8 3 hoy UeeU UaUUaUa ¥
g ea69250eh 63 disec 8513U00d y3U dUxy dqUs:
aUdesjasls UU U a  0UUU jeed oUs (Gey Uavrs

A sayNIUUs:
o Do System Sizing Calculation: ¢a6 ~J ho) UeeU UsUUaUa ¥

g easos9liech e3)diigs e sy 3slb1 U aegtUUgeysa z
A sayNOUUs:

72



o Do Plant Sizing Calculation: g8 “JhoyUeelU UaUUaUa g
bUGssheUse GUsd eUUUDadBlgny Sizing,g eydk3s g3 &}
yee3UUd hRevyd GgaUeesUUU yiadd e dyyeUsl:
g Y)jeUsgofiademgfidldd Uga3UesahUdUU®Ro Usgd. K =

o Run Simulation for Sizing Periods: ¢a8 3 o3 UeeU UaUUaUa
bUGossheUse a0 "~ 3 HhUg Nod eyj3 Ud. A sayoUU0U:

«

o Run Simulation for Weather File Run Periods: g6 3 hoy UeeU Ua UL
g sasoslefh bBUGscheUss GU c3BBooy'dh g hi
GJelldiU U ' UcRuiBetimlo Uac @belyaU U UU oU
GUOtbeeysWWBoaligroyles. YessayoUUUs:
s s i

O || @] Newos wnquwOn»oq DelObi | CopyObi | ~oeiy
Class List

Comenents hrom IDF

A_
-

; CuentFikd
[Obrect’

Descrphon g 3 fiekds. u
{and Siang Plant cbiects. Having these fieids set to Yes but no comesponding.
v g iy of Bee

Sizng System.

alto,

energye idd |EnergyPlus 860/ [No [ N

FceeU:Ba 30" sacoyd Biuhdatien Pajaineters. a U d
f Buiding: 80U} 90 Y Us "Uy Usyffiegd eosmg 3 UUs aUUY
“"13e6l0eecgavlid Ueg aUsjaag
o Name: o@dat 300Us Ue fH3eeUBlikigglaUsj asg. K s

o Solar Distributon: TUdej asUs Uess Uy BnergyPlsU Us3 6~
UsUseOUY aslUs Uds dasUee UsUsszebhbsaal Uyl
U3y BYyds U  stiysUslUd "e6g eUg ei3 Us aUay ss
sl 3d. A BuimterldlAbExterior

73



Obi+Chg| DelObi | CopyObi | Fuvic iy

Comments tiom IDF

tassFlonConservation -
‘oneCapactanceMulipier FesexchSpecl s object and some erkis i the Site WeatherStation and
Height/aiaion objects. ‘ |
B

specicall the Terain eld.

energy=idd EnergyPlus 880

74

[Building 1

Fcee U:Ba 302 dadaft) ¥ d o Byilding.d

§ ShadowCalculation: j;} ddsee 8aU0aUUs 25U Uss oaUdey sieh

Urs doesUsit 3 cwaWyowsqUedgd UoUs ce3Uyaxs GrUs

o Calculation Method:j} disee 89 UalUUs 29U Uess oaUdsy ol
Uess 6 6ae g easoaeses3lUUs UU desUsay¥Y ca630
ee3UyalU GyUslGesi deyy Ud. GU Geydd eU Us
Udq UaYy, oaUslU "y @dgecaviddd. OUUUsA sayo
AverageOverDaysInFrequency

o Calculation Frequency: ¢ 6jeldd UgUsi Usg "~ Utaeg

0gocyeasteh Uxs g easoslet 3 GoaaUldgd U |
GoaaUGdd. ¢ ej3eld Uxs "~ jeU0 saUoeyszxs 20
OasUs B egddéhd deUjyit 3 0003 OGdeUsUsoatl a (
dyiddd Udd desUsed Whlwszsbesaald. KA sayo

0 Maximum Figures in Shadow Overlap Calculations: FUdaej asUs Ug3
Ujyoadeh U a0 0 Uuts eyt 3 GU g ed&eoslesioc
"1 eaUdey o 0¢e yalgo00)., sAl'd & 45000



& File Edt View Jump Window Help = [8]x

D‘E N'ﬁﬂil NN'MNM&’ DelO | CopyOby| “ooll

TT11T

]

THIT

energy+idd |EnergyPlus 880/ | AverageOverDeysinFrequency [

Fcee U:Ba ABReoyd Ud dShalthlalculatipna U d

f SurfaceConvectionAlgorithm:inside: ¥ Ude j ae Us Ues3s Uesohy sdes
dU; e hU0qUUd UGx0U0y saed U 230 Vs ballbd Uhegregse dU ¥ 3

Usohypedem caced GgleUUasUs Us Gg3UUalGUe ¢ 0
UoUGey Y dUjyeeoajUllaUd o090 UkYbeaydARPUs) 6 G Us UU

& File Edt View Jump Window Help = [8]x

Dsﬂ N'ﬁﬂil NW'MNHN’ DelOb | CopyObi| “ooll

energy~idd |EnergyPlus 880/ [TARP [

FceeU:6.B49a60e Usg Uaosejyadeasg |
SurfaceConvectionAlgorithm:Inside.



1 SurfaceConvectionAlgorithm:Outside: Y Ude j as Us Uss Uaofh) sdea

dU0; e hU0qUUd U3y UU;s0ed U sG¥3aUsUd “ag
st 30d. VAN D®OB2 0

C File Edt View Jump Window Help

D ||| Newobi | 0uwobi I DupObi+Chg| DelObi | CopyObi| “oelh
Class Lit Conements fom IOF
Simdabon Parameters ~ =
e _
(0001) HeaBalanceAlathm v
WMT
(] niBalance
ZoneC
Al

ombined 1adahon an« " AE model Wakon, > al MOWATT »

energy+idd |EnergyPlus 880/ |DoE2 [

Fce68:¢ U sacoe UsaBldadeggUddd
SurfaceConvectionAlgorithm:Outside.

Y HeatBalanceAlgorithm: z y G ¥gUei 2a300Us d U sacoe

e OU0U0Gey ¥Yd dU;ehU0qUUYg oUs goy UllaUgd

g eacosleh Udd U RUueddd Uxs U sGU3sUsUsat s U

o Algorithm: AGhaes UU U3y, sU Ue Ujyosycaegs

o

"4y Us

Uds ¢

Gydddg W saUecthodosgdgWayxhjamdegs " J e U0as UUUs U
Us "1 hoyUeelUe BUUsIcaWBagors U3 aUehyYsUs

U edealUgld goj UdalUd e Ud s ¥ clhst q

e

auo0 d

g Uy 003 0a e000si U¥s YeoavsU aalbduidg 64 d0
"0 0y UdeytigUGepPYdauUU aUUUGaUgUGUsaY g

A~ o 8y @omductionFiniteDifference

o Surface Temperature UpperLimitt j } dliseas 89UalUUs e€hzae [U

d “jeleesarlid yee3lUUd ~vd ;1 68K& s9aUoeysc

A’ o & 808

76



& File Edt View Jump Window Help . &x

D|@| @] Mewobi | Dwobi | ouwonechg| Del0s | Copon | “oin
Class List Comenents from IDF

qy+idd |EnergyF [ I ? Difference

Fcee U:Bs 36 5 a0 t)ydo BigaBalanceAlgorithm.

T Timestep: FUd 6 ) a g0 ddesfe s osofh UGosYGUdeU o0sU Uds | c

o Number of Timesteps per Hour: T Ude ) asUs Ues Ujosdeh Ux
UoaUGUdeyO®W3aU 95U 130 eB00" KOG@BYpd Usce y

'S File Edt View Jump Window Help & x

Dlﬂg NO'WI NNIWN~W| DelOk | CopyObi| ~woit
Class List Convments iom IDF

[Simedaton Paameters ~

[Obrect’ nphon: Spechies the “basc" tmestep lor the smaation The:
mMHmm-hmIM Thisis used
[ranater and load calculsbons.

[Feld Desciption: ungeste s ¥ 1,2.3.4.5.6,10,12.15.20, %,
[vabue of 201 cFinte and Combr ' woum of 121

energy+idd |EnergyPlus 880/ 60

[
FceelU:6.B79a80e Usg 6J 6350aciTnesepUUs



6.5.2.2 Location and Climate

§ Site:Location: BUj a0 YGiUs Usd "~ Uy UeyUjyegd o950 Uds
A a0y UUOUs ehse egalU Ues edUGalU.

(0]

' File Edit View Jump Window Help

Name: TUdeyasUs Ue h3eeU Udd "~ Uyscced
"} 606 ¢& aa¥idblsErens

Latitude: j3 Us " j ety Ui Us Ue oUrvoy Ulisah ~avYUs
UosaUUYGUUGdd. zU bYOd Ud aiebUGd, Ue ©bF
UszUs ey Ui OUUs UWBAG UUsafh. K sy

Longitude: j3 Us " j sy Ui Us Ues oUxoj Ulisafh eeoacc
Oo8@a0UGdYg. FUUY GiebUGd, Us UszUUsesaf
vd dUAN9ss @y @Rn73

Time Zone: j3 Us " j ey Ui Us Ud st13d (3U0d Udd U
Gdeyadd eU Uereenyichg UgLE0Ddeb) s3h). Bs st 3U0d

tgUsoa¥YoMUGBGg. 6. odhy UsU JelUyosoe) "~ UyaeglsyY
A s 8ytlo

Goddd
s d dyaUGGUg). K-

o

Elevation: J 3 Us "} ¢ G wgiAta0 Uy ¢ Udd Uoa UUYG
(GU GeylGd U U de

'ao

l-—-l HVACS ysteRooiF indnghlgomthen.
Compkance Obrects

[-—] Comphance Buidng

Location and Cimate.

nsg NewObi | Dup0bi | DupObi+Chg| Delti | ConyObi

Comments from IDF

_
m

-] Ste V.

energys idd |EnergyPius 880 |deg

78

Fcee U:Ba 3B 5 o cayd siipdmdation.



f RunPeriod: 8Uj 50} ¥YGiUs UU GUescUalU "e6g UaszUs U U

"380cgecgarlidd UyeUaxs oaUsy ai

o Name: FUde) asOUUs Us H3eeU Udd UsayvYaUsUU

o BeginMonth: BU}; sycUs Uess Uysdefh Usg ees3U y3U
= oUbyeg¥ysced, @dgeodUy OVBWG4ds Oy ecie Usl

o Begin Day of Month: BUj; syeUs Uds deyjy U y3Uy3add U
("3y Us 30U UasUs U gtiUsalUe 295U a¥YdU cesl
"Uyasitie UaUyaladd.

o End Month: BUj; saycUs Uss UUeasafh Upsdeh ed3ho
aUb)y gg¥d, o.a .) 295U Uds U sdgedqUe UUe:

o EndDayofMonth: YU} syecUs Uds UUasse deyj U Uasg
3U UasUs U gtuUsalUe 25U oaYdU ee3U) o995U U
UaUyaUldd.

U o¥Y¥dU Ujyssese "6g dU os2a0d0dedOUWsdéw; UQgs

J 3y UsUsoal

¥y 900Y 09U aY

™

i oe)yosadd Ux¥s 4 GUsUjarys UU " U
aUdeystehd Usgd dU o2a3U0UU0UUs 3Use

o Day of Week for Start Day: @GsU UgUeszalU, d deyy U Udd
UsUoy ¥GOUUs GUe UyclUacUBUBdgRE © By Uds3Us
UgUei Ueg g0 g  Uslieesaags. dlkafe Ulbd 0" sdgwdihUes U o a3
Uj cUaeg o Ua4alUdliseWeHerFibey o

0 Use Weather File Holidays and Special Days: ¢ U U} cUaU Usg oU
e 638ia3 30U " Uyesyeegs 636elUl0ald uUsUsc 1
de Uy 3800w edqdei 3 89 Uyoald © 6 69
Usitisayd deyy Ud GUcUUMeVUace oaUsyci. A 9soy:

o Use Weather File Daylight Saving Period
3 U "Uysycaegas G0aaUUd de Uy 3 "Uyshilieg

“a6i GUUgardeU ¢ s Umz f d 0&d bblb&ed

Cc

o Apply Weekend Holiday Rule: EU @6} sleysU
RUOU3s 65 UjyoaUd vy G UcyBU Wlaidylds®riDsi dJs i jodlU o |
ey U Udd UbuteeyYuUd o63U0Y aUds deyy U
GdgooalUe)seysad Uy oWEdBENIEUsg dglg pvaddd.

A o By tle

79



o Use Weather File Rain Indicators: ¢U U
"U)yaycegschjieefBg goyyd U slGyYsUslUd U d.
Gdgs3UUal0Ue eU0U0UGe); YFUBW) soffUidfBU . gYhoy o e
GU0aaUUd b &)ébdyds. A sayo

0 Use Weather File Snow Indicators: ¢U Uy cUaU oaUsj;ei ¢ @]
"U) ayceggzgeadasdiltd cafhss Usa¥YslUs Uds UsUU
Usg UVuyvYlegwWlUle; edéedci a3 g Ayd es uwUasaUl
A sayxesUUs

o Number of Times Runperiod to be Repeated: j30s " pety Ui Us U
Uy sadeh Urs Gey) L 3 (Ggsedyd VUL 3) 69

o

“1eleecgavlqd au 5 U "1 eleesavidqd "8 oo

g
UsUGUdeyUys. ¢ "3 80 9200@¥sd Usee UasUs

D File Edt View Jump Window Help - & x

D || G| Newobi | DupObi | DupObi+Chg| DelObi | CopyObi | =t
Class List

—
o -

FceeU:Ba 39gde all UsBunedod. 2 aYUldd

energy~idd | EnergyPlus 880

6.5.2.3 Schedules

T ScheduleTypeLimits: FWdae} ae Us Uesgd Ui "esgd uUUlseys¥s s
Useyd "6g "~ UjysyeesUUs GUU cyes3aslislUoyyYeeUUU

o Name: FUdejasUs Ue H3eeU Uesg 6jaeg Usg oY

o UnitType: AlGhGdadB®&dIs8s6 hH)se GUsd Useyd a9

g Ayd oUUWaUYa@®d®s cj3e3alisUojUeseyUxs 9
U a26i GUUg oo dUddWs j s h " hdiicdeg uGUUeeys3¥s.

A o & y:tDenensionless

80



' File Edt View Jump Window Help

D ||| New0bi | DupObi | DupObi+Chg| DelObi | CopyOby te Oby
Class List

Comenents hom IDF

‘_

Eﬁdmdw“cm-lfﬁ

JID: A1
[Enter a sipharumeic vaiue
This field s requred.

energy+idd |Energy [ [ [

Fcee U:Ba 40 saesoyd StheduleTypelimits ¢} a U

f Schedule:Compact: i s U UgUeszal, y3U cjyes3clioayYoy UeseU
a00UgdUaUs, udeUte g0 y3U UsUsalaeglUss. y ¥
cJe3alolUo) UseyUrys dq aUUUctL)dqtd GUds GgoaUay
alUai " UUs haUd Usd deyy Ud oy ydsely jyUls dU aselrs o

29U Haegd Uesgd Ui e6gd deUy 3. ¢ GgoelUay
UgsedstdUU UsUsoaUaeUsU o2sU "~ UysoyUde. iddsU
JgdesGUUa 6 Upysdehd Uxs “~UOtars oaUs Udd ¢

"U) 90y ¥Weges UGgsedd U;h 6 A vd oaUs yos3l
U 8 UUaaci 3 Naig o USsheduld Type Limits Name.

o Name: 7UdejasUscfesfaebltUbe gUBag, dU ~jy U
3 U Uas3 Us alUs jjgdéda0658®UmUUssYle,) U
"1 803 UeeUUslieyso. O UEBetcqipmet) osU Uss

aUdeysteh Udd aUsUegyoald Usgd.

"0y U ¥3v o (BOhpdueTypeligitsUU 6 6 a U Udej asegs
Ui "8 oaUs UU KRyosU Uxs Usert 3 “6g UWe U oayace

0o Schedule Type Limits Name: ] 30Gy; O0Us GUU UsUsa U
9

o Fied#: ¥YdU Gge Uoyd "~y hoyUeelU "1y Us 30

A Through: 80} sy cUs Ud eaead Udd "~ Uy shlieg
UasUs de Ujeasy qigogdD)U d d

A ForrvU) syeUs Usd ey} Ud 295U Usd 6 cald
6y} e3cUsYopllesadlgyi®ddUUdo ellamelgs

81



82

Oazepe d Weekdays, Weekends, Holidays, Alldays,
SummerDesignDay, WinterDesignDay, Sunday, Monday,
Tuesday, Wednesday, Thursday, Friday, Saturday,
CustomDayl, CustomDay?2.

A Uniil: B0}y sycUs Uds 130 ae3dd d 6 eal U
24 ) 68 g .

A ¢gyasd UasUs U Uy UaUdqUd dq UsGUovoe Ud
stci Us 2950 Ues oY¥dU o, 88edswpdpleceU |
6} UsYsUUUs oY 69U aysd oaUsia.

O " UsUU U Uds U Uszeodadd Udd eejitied “eg dU
g

UsUsoaUacetdp@selivesUo jdJd e ¥Ods®s d "~ Uyeglalld U
6y dises e6oeddoalUs GUe GgooaUsajyseysas oy Usese

3

3

3

Number of People Schedule: 7 Ud e } oeelilBsll Ulje Usg Ggs haasg
UUhevys “e8g bjyaliesesUUs GUes UreYUse oaUUY
UO0¥JaUUs aUUY Uds Us ¥ UbU cheafledy Uhmag UrlUlheeg

o

UamsUgsyostilUed , U s&ysxd U sayoU0UUs

Work Efficiency Schedule: 7Ude) asUs Uds U  huseidd Udd
UsyyoUsUd GUe Usadjt 938 0O ¢

Ce

"eg dU ¢}
g eacosleadid dUjesosed ¥YaUddd. Bs Useyd
"3y Us 30 UasUs eU0UUzi 0.0 aUs 1.0. zsU
UsyjyoUsU " edgUsUiYzWUGOUUUy y  U0OUs aU dOUO,;
ee3Ul0sUaU Usee dUry Ua HUs Hoad d Usyy) oU:
e U0U0U; y OUUs GU edeUssoeae Usyj;oUsU. UUvy

o

"UyyYeUOUyed Gav3Us alGd €0

Activity Level Schedule: TUd 6 } as Us Ud 3 o aail hald tils gddU j (kssy
YyUseas GUd e1t3d g Usd GgsdeaUd GecUU
6}Je3cUsU0)YeelUUsd ¢ 63 Ua 3U UasUs 6 898t
6o ¢e63YuUlUd o950 UgUes Uds "~ UpyeOUye U
bUGosesheUsé &) alwlens U8 &e 1BceEdNl) oUs

g edyUessUUd HUs:

I zUUU3i -0Z74 :008Ucgelyrscei 3 UUs

I z0OUUszi :220:70m:0 ¢U YUseU UasUs oaUdsaUY

K soyoe3Uew/ erdlc@aswiivlUcee Uz UaGUesscU



Activity Actvity Level w/ Activity Level met*
Person EnergyPlus  W/m?
Schedule Value

Resting

Sleeping 72 10 0.7
Reclining 81 15 08
Seated, quiet 108 o0 1
Standing, relaxed 126 70 1.2

Walking (on level surface)

3.2 km/h (0.9 m/s) 207 115 2
1.3 km/h (1.2 m/s) 270 150 26
6.4 km/h (1.8 m/s) 396 220 38

Office Activities

Reading, seated 00 55 1
Writing 108 60 1

Typing "7 65 1.1
Filing, seated 126 70 1.2
Filing, standing 111 80 14
Walking about 180 100 1.7
Lifung/packing 216 120 2.1
Miseellaneous  Oecupational

Activities

Cooking 171 w0 207 05 1o 115 1.6 w0 20
Housocleaning 207 1o 360 115 w 200 20w 34
Seated, hoavy limb movement 234 130 22
Machine work 189 105 1.8
sawing (table saw) 207 wo 252 115 1o 140 20024
light (electrical industry) 123 235 1
Handling 50 kg bags 123 235 1

Pick and shovel work 123 1o 504 235 1o 280 1.0 w048
Misecellaneous Letsure Activi

ties

Dancing, social 252 1o 459 140 1o 255 24 w044
Calisthonles /oxorcise 315 10 423 175 wo 235 3.0 w0 4.0
Tonnis, singlos 378 1o 186 210 wo 270 36 w410
Basketball, competitive 522 wo 792 200 1o 440 50076
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Ensemble Description Iey (clo)

Walking shorts, short-sleeved shirt 0.36
Trousers, short-sleeved shirt 0.57
Trousers, long-sleeved shirt 0.61
Same as above, plus suit jacket 0.96
Same as above, plus vest and T-shirt 0.96
Trousers, long-sleeved shirt, long-sleeved sweater, T-shirt 1.01
Same as above, plus suit jacket and long underwear bottoms 1.30
Sweat pants, sweat shirt 0.74
Long-sleeved pajama top, long pajama trousers, short 3/4 sleeved robe, slippers (no 0.96
socks)

Knee-length skirt, short-sleeved shirt, panty hose, sandals 0.54
Knee-length skirt, long-sleeved shirt, full slip, panty hose 0.67
Knee-length skirt, long-sleeved shirt, half slip, panty hose, long-sleeved sweater 1.10
Knee-length skirt, long-sleeved shirt, half slip, panty hose, suit jacket 1.04
Ankle-length skirt, long-sleeved shirt, suit jacket, panty hose 1.10
Long-sleeved coveralls, T-shirt 0.72
Overalls, long-sleeved shirt, T-shirt 0.89
Insulated coveralls, long-sleeved thermal underwear, long underwear bottoms 1.37
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6.5.2.5 Thermal Zones and Surfaces
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