2. BOOWKEC EVVOLEC
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MNedlo epappoync YOPaUAKNC: ZWANVOELOELC
POEG

* JwAnvoeldeic po&c: Elval oL poEc ou N popdn
TOUC £XEL TO OXNHA EVOC owAnva. H kata
UnKoc¢ dtaotaon lval oAU Lo GNUOAVTLKN O
OXEON UE TNV €ykaApoLa. Pon poviaotatn.

* >uvnOBelc nepumtwoelg: Movodiaotatn HOVLUN
por), ToAAEC POpPEC KaL opolopopdn

* Katnyoplomoinon: Pon pe eAeUBepn
eTILPAVELQA, PON O€ KAELOTOUC aywyouC



H po1) £vog TOTULOL 1] QLGIKOU DOUTOPPEVILATOC, TV KU1 1] OLUTOLN] TOL OLUQEPEL KaH’
040 TO KOS, UTopEl vo Be@pnBel OTL ElvOl LOVOOI0GTATI) KUl VO ovoivBel pe facn Tic
OVTIOTOVYEC UPYEC.

IMotapog

Odlacoa




BaGLKEC EVVOLEC

* Pevoto: Napapopdpwvetal UNO TV AVTIdOpaon SLATHNTIKAG
SUvaNC 060dAMOTE HLKPAG KAl AV ElvaLt.

* Awadopa vypwv Kat agpiwv: Ta vypd mapouctalouy
duokoAla pLeTaBOANC TOU OYKOU TOUC EVW TOL OLEPLAL TELVOUV VAL
kKataAdBouv OAo Tov Oyko Ttou Ta TePPAAAEL. AvtiBeta ta vypa
o€ €va Soxelo kataAapPavouv Evov OpLOUEVO OYKO
oxnuatilovrog eAeUBepn emidpavela. Ta agpLa Oev
napouoldlouvv eAeUBepn emidpAvELA KL UITOPOUV Vo BpilokovTtal
O£ LoopporTiia Lovo o€ KAelota Soxela.

* Moplakn doun uypwv: MopLa UYPWV HE OLGUVEXELEC KOl
XaAopn) 60UNG O€ OXEON UE TA OTEPEA AAAQ IEPLOCOTEPO
OUVEKTLKNC OE OXECN HE T OLEPLAL.



Mivaxeg I-10  [o10tnteg vepov oe mieon 1atm

T(°C) p (kg/m?) u (Pa-s) v (m’/s)

0 999.9 1,787 x 10~ 1,787 x 10~
5 1000,0 1519% 10 1519 % 107
10 999,7 1,307 x 1073 1,30 2
20 998,2 1,002 x 1073 1,004 x 10°°
30 9957 7.975 x 10~ 8,009% 10~
40 9922 6.529 % 10~ 6,580 x 10~
50 088. 1 5.468 x 10 5534 % 10~
60 083.2 4,665 x 10~ 4,745 x 107
70 977.8 4,042 % 10~ 4,134 %1077
80 971.8 3547 x 10~ 3,650 % 107
90 9653 3,147x 107 3.260 % 107
100

Namnaiwavvou, 2009

958.4

2.818x 1071

2,940x 107
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IMINAK AR 1.1 TUYKPIOI ClEPE@V, UYPOV Kal agpiov

ISuwdtnta

ZupBolAlopog
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Hepiypagi

Ta gwpea Sapodv 10 axnRa
toug. Asv xpeiadetal va Unouv ge
Soyzio.

Ta vypd naipvouv 10 gynRa Tov
Soxeiou ka1 hatrpovviar o avol-
10 foyeio.

Ta aipra xaradapbavouv oo 10
Xapo xiegrou Soyeiou.

Kwnurdtnta
popiwv

Ta popia £X0UV RIKPY) KIVITTIKOT)-
1a agov eivay Béopta ot dopn pe
1w0xVpEg hanopmakis Suvapeg.

Ta ndpia rvorvral eieBepa na-
pé 15 wyvpéis Buvapelg nov a-
gKoUvIal avapead Tous.

Ta pdpia Kivouvial sEAetfepa ai-
Andembpdviag o pkpd Babpd,
eXTOg Katd ) Sidpkea 1@V Kpot-
ogwv, Ia 10 Aoyo autd katohap-
Bdavouv ddo 1o yapo wv boyeiou.

Tumikn
URVOTHTa

Zuyva apxetd peyain. H ruxvo-
ta v xaiuBa, y, eivar 7700
kg/m>.

Méwta. ywa napddaypa, n nu-
wvotnqia tou vepou sivan 1000
kg/m>.

Mwpr;, Ta napdberypa, n no-
®votrTa ov adpa sivar 1.2 kg/m?.

Mopiaxy
anootacn

Mxpn. Ta pépin eival noiu xo-
viG 10 Eva ato ailo.

Mupn. Ta uomc cuyxpatouvial
patl o pikpig anooiaosg He 1
Borjgea Srapopaxov buvapeav,

Meyain. Ta popua Katd péoo opo
sivat paxpia 1o éva ano 1o aiho.

EniBpaon
Srarunikig
1dong

Npoxadei napapuspyoon

Tpokalei pory

IIpoxalel por

Enibpaon
xabeing
Tdong

TMpoxaiel napapdppwon nov i-
ows obnynos or petaboin oyxou
Mnopel va nporaiton agioxia u-
Axov,

Tlpoxaiei napapodp@ecr nov
axetitetan pe peraboin oyxou.

TMpoxadei nopapdpoman  mov
oxetitetan pe petaBoln oyxou.

If8eg

Aev unapya

Yynid, Elatwveim pe avinon
Seppokpaociag

Xapnio. Avioveiar pe avinon
e SEpuoKkpaciag

Zupmieototinta

AvgxoAo va cunmegiouy. Toe ug-
1p0 EAQOTIKOIIIAg OYKOL 10U Ya-
AoBa eivat 160 » 10% pa.

Avorkodo va cuoumzotovv. To né-
PO EAQUUIKOINIAE OYKOU 10U u-

vpou vepou sivar 2.2 » 107 pa.

Evkoio va cupmedtouv. To né-

TP0 EAQUTIKOUIAE OYKOU O quv-
. 5

9nKkeg Bupanen rvar 1.0x 107 pa

Elger et al., 2014




AlopOopEC LYPOU LLE OTEPEQ, LYPA

* Ytepe0: AvBiotatal otn SLATUNTLKN TAOoN, TO
PEVOTO OXL (poKkaAeital kKivnon pevotou)

* YypoO o€ 6oxelo: oxnuatilel eAeVBOepn
emipaveLa



YnoOeon Tov GUVEXOUC LEGOU

H unéBeon tou ouvexoug peuotou Baciletal otnv mapadoxrn OTL To PEVOTO armoteAsital
QIO L0l OUVEYT olkoAouBia pkpwV oToXelwdwV OyKwv Vo. YIoBEtoupe OtTL oL Oykol
auTol elval apKeTA PLKPOL, £TOL TTOU 0T paBnuatiki avalvuon va BswpnBouv onpeia.

O otolxelwdng OYKOC yla TOV OPLOUO TNC UKvoTnTaC dev pmopel va eival oocodnmote
LLKPOC SLOTL TOTE TMOUEL VAL UTIAPXEL EVOL ETTAPKEC OTATLOTIKO Selypa yLa TNV LETPNON TWV
dLotAtTwy Tou peuotou. Aappavetat Aoumov dv—>10° mm? yia va teplAapfAaveTal oto
OTOLXELWON OYKO £V LKOWVO aPLOUO Hoplwv WOoTE va Urtopel va e€axBel pia péon tun
aro 1o Selypa poplwv KoL Vol €lvoil cwaoTh N TPOOEYYLON TOU CUVEXOUC LECOU TIOU
Oewpeital ota pevota.

Pguoto cwpatidlo (otoelwdng dykog pevuotoU, mpocsyyon): KaAeitol o pkpOTEPOG
OYKOC PEVOTOU WOTE VAL ETILTPETIETAL N OTATLOTLKN EPUNVEL TNG CLUUTIEPLDOPAC TOUCG.
‘EtoL o€ KABe onpelo TOU XWPOU KOl 0€ KABE XPOVLKI OTIYUA N TTUKVOTNTA, N ToxUTnTa
Kal KABe AAAN WdLotnTa pnopel va neplypadel wg cuvexnc cuvaptnon.

Katd cuvenela otav avadepopaote otnv TaxuTNTA U(X,y,z) 0To oneio pe
OUVTETAYHUEVEC X,Y,Z Ba EVWOOUUE OTL N TAXUTNTO AUTA €lval n TaxUTNTA KATIOLOU ULKPoU
OyKou Tou peuotol Vo mou ePKAELEL TO HaBNUATIKO onUElo X,V,z.
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SXHMA 1.4 H napaboyr) mept 10U oUVEXOUS TG VARG elval §yKUPN OTaV O KATAPETPIIHEVOG OYKOG AV gival
QPKETA PEYGAA0g HOTE va uny Aapbavoviat unoyn ot erndpaoeig g Kivrong 1oV popiov.

Elger et al., 2014



Yno0eon tou ouvexouc neEcovu (2)

Edappoyn kUpLa otnv avamntuén e€lowoswv pe BAon TIG TPLEC BAOIKES ELOWOELS TN PUCLKNC
O£ £VOL ATIELPOOTO OYKO avadopag.
Ma rapadelypa petafoAn Tne mieong og KAELOTO aywyo otabepnc SLATOUAC LKoug dx

Elopon:
Mieon otaBepn o€ OAn tn diatoun = P

Ekpon:
Mieon otabepr) oe OAN TN dlatopn He
Baon to Bswpnua Taylor

Mpooéyylon pe
Baon 1o Oswpnua
Taylor




Yno0eon tou ouvexouc neEcovu (2)

Edappoyn kUpLa otnv avamntuén e€lowoswv pe BAon TIG TPLEC BAOIKES ELOWOELS TN PUCLKNC
O£ £VOL ATIELPOOTO OYKO avadopag.
Ma rapadelypa petafoAn Tne mieong og KAELOTO aywyo otabepnc SLATOUAC LKoug dx




1610TNTEC pEVOTWYV

Mukvotnta: Adyoc tn¢ nalog Tou peuotol IPOC ToV OYKO autoU Kol ival yla To
PEVOTO owpatidlo:

p= 3 AV
Ewd51k6 Bapoc: Aoyog Tou Bapouc peuoTtol owlaTIOlOU yLla ToU OYKOU auTou. y=pg
Acuprnieota pevotd: Alatnpouv otabepn MUKvOTNTA Kal dpa oTtaBepo oyko, METpo
gAOOTIKOTNTAC OYKOU vepoU E=2.19 10A9N/mA2 (ueyaAn Tiun-oAAd USPAUALKO
Ay Q)
NePO: TPAKTLKA OLCUUTILECTO UE ULKPN OXETLKA £€ApTnoNn amo Beppokpacia Kot mieon.
JuvnONG TLUNAC TNG TTUKVOTNTAC VEPOU TIPOKUTITEL Yo Beppokpaocia 20°C kal rtieon 1
atm:
p =998 Kg/m?3
JuvnBwCc yLa TNV IUKvOTNTA Xpnotpomoteitol n twpn p = 1000 Kg/m?3. Onote
Bewpwvtag emtayuvon tng Baputntag g = 9.81 m/ s? mpokUTTEL 161KO BAPOC VEPOU:
v = 10,000 N/ m?



Eriupavelakeg Suvapelg

‘Eotw o 6yko¢ peuotou V Mou mepikAeietal ano enidpavela E. To meptBarlov peuotd aokel otnv Kabe
otolxewwdn empavela AE mou pmopel va avaluBet oe pla kaBetn kat pla edpamtopeviky duvaun.
Opitetal:

o= lim A—PKOLLT_lim g

- 'AE—0 AE = AE—0 AE

‘Otav 1o vepo ilval akivnto TOTe SEV UTIAPXEL SLATUNTLKA TAON Ko n opOn tdon tautileton He tn
niieon. H nicon eivou BaBpwto péyebog kaBetn otnv emidpdvela pe Otk popd tn OALTTIKA Popd.

Movadec (N/m’ = Pa)

£,



Micon

OAutTIKn, opiletal pe faon tnv opBN taon

BaBuwtn cuvaptnon, kaBoplopevn opa (m.x. Bepuokpaoia

elvall BoBuwto peyeboc)

HpepoUv peuoTo: UOPOOTATLKN KOTOVOK TILECEWY OL OPOEC

TAOELC TauTI(OVTOL UE TNV TTILEDN

KwvoUpevo pevoto: Mieon, o HEcOC 6poC TwV 0pBwWV TACEWV
p(x,x,y) =1/3 (o, + 0, + 0,)

Movodiaotatn avaluon, oykoc eAEyxou, Bewpnon TILECEWYV,

katd tn 6ltevBuvon tn pong, opdN TAon LOVO UTIO TILEDN
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M Figure 10.15 Hydraulic jump geometry.



[ieon: emupaveloka -OAUTTIKA




Apxn tou PASCAL




Nopoc touPascal

H edpappolopevn Avvaun F1
netadidel petaBoAng nitkeong
P1.

Oplakd LoyUEel

MeyaAn emipavela A2 os
oxéon ue Al mpokaAet
rnoAAarmAdoLa Suvapn, omote
o Aoyog A,/A, ovouadZetal
LLNXQVLKO TIAEOVEKTN AL



[leon o€ vypO akivnto aAAQ KAl O€ pE
eAevBepn emiPpavelo (MOANEC TIEPLITTWOELC)

[TieCopeTpikd popTio
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Y&pootatiko napadofo

Tov 170 awwva o MoaokdA (Pascal) mpaypatomnoinoe éva meipapa mou €Kave PeyaAn EVIUTIWGN Kot
avadEpetal cuxva we napddolo tng uSPOOTATIKAG.

MnApe éva kAeLotod BapéA mou mepleixe 1000 kg vepou Kat GvolEe otnv MAvVw EMLPAVELR LA LKPH
TPUTIA. TNV TPUTIA IPOCAPHOCE €va AETTTO KaTtakOpudo cwAnva mou eixe VoG LEPLIKA PETPA.
MpooBETovTag HLa (KPH TTOCOTNTA VEPOU, 0 CWANVAG YEULOE LEXPL TNV KOPU D). TOTE e pHeYAAn
€kmAnén eide ta Toywuata tou BapeAlol va avoiyouv Kot To vepo va xUvetat £€w.

A 4

//@m\\ ﬁ 0.5m

Ag Bewpricoupe pia pikph emuddavela epBado’ A=1 cm? Tou TAEUPLKOU TOLXWHATOS Tou BapeAtol
mou Bpioketal og andotaon h=0,5 m and to mdvw pépog tou Bapeito.

EZHIH>H TOY ®AINOMENOY

Mpwv amo tnv tonoBETnon Tou vepol 0To CWARVQ, N TILEGN TOU VEPOU OTO TOLXWHA ATAV:
p=p-g-h=10000-0,5 m=5.000 N/m?

F=p-A=5.000 N/m?2-10 m?=0,5 N.

Me 10 ‘KaAapdkl’:

p’=p-g-h'=10000-9,5 m=100.000 N/m?

Kat n Suvaun

F'=p’-A=100.000 N/m?2-10* m?=10 N



YOPOOTOTLKN KATAVOLLN TNC TLEONC

YOPOOTATLKA KATOVOUN TNC TILEONC

Fluid surface

- Hpepouv peuoto

Oykog eAéyxou

-(A0vaun Adoyw Bapoug)
W=y*V(oykoc)(katakopudn)

F,=pA A = Area of end of

cylinder
Fluid specific weight =y

0y +dp)=r: — --8€V UTIAPYOUV SLOTUNTIKES
TAOELC
(+) ?
W --- iiean o710 (2) otn yEwrovid
— & T Tou z, , dp=p,+dp
Fl - PlA ’ ’
i ---loopporia duvapewv:
//

SF, =0 F—F,-W=0& pA—(p+dp)A-y(Adz)=0=

+ vAZ

p , j— p , Py Zy
Pabivepa VWYNAGTPOSTN VEE dp = —y (7ém’z) - (Zl_p _ _}/J PN I dp —— VI dz =
z
P 4

Mott and Untener, 2016 ep-p=-1(z-7)



Mott and Untener, 2016



Apxn Pascal: n niieon og omowadnmote onueio pevotou
O€ NPEMLa elval N oLa tpoc OAeC TIC kateuBuvoelg, dSnA.
dev eCaptatal amo n dtevBbuvon Tne enupavelac.

[ px*AA*sin(a)Ay

Az=AMN*sin(a)

Ay / ™
Ax=AN*cos(a)
Az=AMN*sin(a)

0 E =0 =pAyhdAsina— p,MAyAMisina = p, = p,

1
01 E=0=p,AyfdAcosa’— p,MAyANicosa — EyﬁAAcosa?'ﬁAAsina?iAy =m=D

DAl cos a™Al sin afitetveroro 0

=P =P,=pP



1EwoEeC

* |&wdec, daxvon padag, dSlaxvon Beppotntac:
Hoplokn puon Twv PEVOTWV TIOU yivovTol
QVTIANTITEC OTO HOKPOKOOMO

* Nevtwvela pevota: ZtaBeprn oxeon HETAEY
SLOTUNTLKNC TAONC KAl KALon TaxuTnToc

* Eepunvelo opLakoU CTPWHOTOC






[Tleon o€ KWVOULEVO LYPO, KAELOTOL aywyol

ATIONe1EG popTiov
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[Tleon OXETIKN 0TO CWAnNva

2.4 MANOME | PA | II. IPINOX

AvoiyTo

[ 1

| ™

OK

— (1)

MEZOMETPIKOZ Z2QAHNAZ
P=yh+P,

P,=Y{h; (P,=0,0xeTikA Trieon)

P, =P,

MeloveKTHHATO

CI) PA ” I:Jatm

B) ZXETIKA MEYAAN TTieon yiA
TNV aKkpiBn pETpnon Tou h,



[Tleon OXETLKN OTO CWANvVA

2.4

AvoiyTo

TUtota

AVETIOPKNAC Ttieon
2TNV aoTKA UOPOUALKA, N OTALTOUEVN

nileon e€aptatal and tov aplOpo Twv
opodwv




O.OKNOLOAOYLIKQA

* Hpepouv pevoTo: YOPOOTOTLKN KOTAVOUN
NG Mieonc

* AvolKTolL aywyol: udpooTATIKN KATOVOUN TNE
riteonc (xwplc KAUMUAOTNTEC 0 TTVOUEVAC KATT).
AA\ayn pHe Tnv aAAayn tou BaBouc ponc

* KAelotol aywyol: 2tabepn amno diatoun os
Statopn, aAAalel amo B€on o B€on, AAE



(Oykopetpilkn mapoxn)

* ‘Oykoc otn povada Tou XpOvou
* Mooo ypnyopa yeulleL Evac koupBac?

* Mapoxn = oykoc kouBa (mou mMAnpwOnKe pe
VEPO) / XpOVOC VLo va YEULLOEL

(m?3/s)

TTTTTTTTTTTTTTTTTTTTTTT



* Av n dlatopn TOUu pEVOTOU O€ Eva ONUELD
glval A KoL n TaxvTnTa U, TOTE OE ULKPO XPOVO
At , TOTE 0 OYKOC TO KUALVOpOUL elvaol

AV= (u-At)A, Ax=(u-At)




Meon toxuTnTo YLOTL UTTAPXEL KN EVIOLOL
toxutnTa o€ OAn tn dtatoun

* OpLopOG e Baon TNV apoxn

— AT T

V: Méon tayvtnra eivon ) mapoyf mov dé€pyetar avé povdda empaveiag

’ 1
oaTo p'q; :Uud/i‘ OTOV & ompeky TadT T

=)

=




Juvexela (olatnpnon tng padlog)

* Moviun pon:
— Elopoec =Ekpoec



MIINAKAT 1.3 Zupnodonveg povadeg

1
1

Atagraoy Edonpa SI

HHKOG petpo (m)

pada Ko (kg)

Xpovog deutepoAemnto (sec)
Suvanun newton (m)

riieon pascal (m)
ITUKVOTHIQ Ko ava m° (kg/m?)
OYKOG KUBIKG Nétpo (m?)

1axug

-watt (W)




ANOIKTOI - KAEIZTOI AIQroi
EIAH POH2



Metadopd VEPOU HE AYWYOUG

AvoLlKTol aywyoi: To vepO pEeL Ue eAeVBepn erupavela (Omou n mieon
elval lon pe tnv atpoodalplkn) evw n kKUpla Suvapn pong eivat n
Baputnta

KAewotol aywyoi: Asv untdpxetl eAcUBepn eTipAveLla, TO PEVOTO
KataAopPavel OAn tn Slatopr), KoL 0lOKEL Tiieon oTa TOWHOTA TOU
aywyou Kal avtlotpoPwc. evw n Kivnon pnopel va eppnveuvbei oe
Sladopd MLECEWC
Avolktol aywyot: Texvntol kat puoikol
Avolktol aywyol:

— ¢uowol aywyol, akavoviotn petaBAntr dtatoun

— [plopatikot: Stwpuyec oe apdeVOELC KoL 0TO €EWTEPLKO UOPAYWYELD, OTIOXETEVOELG,

otaBepn dtatoun yia peyaia punkn, mowiAia dtatopwv

KAewotol aywyol: aywyot dtavounig, aywyotl Pe avtAnon yla katoviknon

vpopeTpLkwy Sltadopwv, cuvriBwWC KUKALKOL aywyoL.



AvolkTtol aywyol

2e aviiBeon pe tn pon otovg KAe10ToVS aywyolsg, N PON OTOLS AVOIKTOOG
aymyol¢ yivetar pe enebBepn emedveia, omnv omnoia emypatei n atpo-
opaipikn nieon. Téro101 aywyoi eivar o1 @uoikoi aywyoi (motapoi, péuata)
ka1 texvntoi ayoyoi (didpuyeg, 1appo1, vndévouol).

H poni otoug avoiktotg ayayolg, N ayoyols pe eAsbBepn em@daveid, o-
vopdzetar poévign otav 1o PdBog pong Oev peraBdnnetal pe to xpdvo o€
KdBe Siatopn tov aymyol, andidg Kansitar pun pdévipn.

Opo16popen pon sivar ekeivn otnv omnoia 1o fdbog pong sivar to idio
oe 6N0 1O PNKog 1oL ayeyol. To o1aBepd avtd BadBog ovoudzetal opo1d-
Hoppo BdBog ka1 ovyPoiizetar pe y,. ZInv nepintoon avtn n pon sivar na-
PAAANAN Kal 10x0el N LOPOOTATIKN KATAVOUN TRV MECTEMV.

O1tav 10 BdBog pong petaPdnnstal, avfaverar n pei®VETAl, N PoN ovo-
pazetar avopoidbpopen. Av n petafonn tov Baboug yiverar BaBpiaia, pikpég
Katd pnkog petafonég, 16t1e kaneitar Babuiaia petafanndpsvn, annidg ta-
Xéwg petafannoduevn.
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[TOAUTTAOKOTNTEC O€ MOTAMLA LOPAUALKN

* MetafoAn tng SLATOUAC

* Avemapkelo eiAuonc HOVO HE TNV KAAOOLKN
LVOPOUALKN OVOLKTWYV Oy WY WV

* AMnAemntibpaon pe Tn AEKAvVN ATTOPPONC

* Motapt: {wvtavog OPYAVIOHNOC

* Anopaitnta yvwoTlka ratdeia: udpauAikn Kal
eldlkevpevn vdpauALkn, udpoloyia, LoLattepn
avadopd 0TO UTTOCUVOAO TwV PEPTWV UALKWV,
TOPALLETPOL TTOLOTNTAC VEPOU, OLKOAOYLKEC TIOPAUETPOL
KoL TEALKA TEXVLKEC ANYNnC anmodaonc



Eort raminr dardgra. et “ieaciny” Kt i)
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t: faBoc ponc

s

[1661 e
OlUTOUNG
TOMHG -G C
(Mamaiwdavvou, 2010)
JuvnOwc oL avolktol aywyotl (Lolaitepa oTo MEPLOCOTEPA TEXVIKA EPYQ) EXOUV ULKPEG
kKAloglg, emopévweg to Babog pong (VPog vepou kABeTo otn pEon taxvutnta, t) elval
TEPLMOU TAUTOONHUO HE TNV KATOKOpUPNn amoctacn omd Tov MUBUEVO €W TNV
eAeLBepN emipavela, vy.

Epya pnxavikou, ATLeC KALoeLg, t(BaBoc pong) ko y mepimou
Toutilovtal



P1

p. otaOepn micon o€ SLatopun

USPOOCTOLTLKI) KOTOLVOLLN
NG nieong ava SLtotopn He
Baon to BaBog porng

2x. Katavoun tn¢ nmiconc¢ o€ dtatoun o€ KAELOTOUC KAl AVOLKTOUC aywyoucs



Avolktol aywyoti: Ydépootatikr Katovopun tng nieong og kaBe Slatoun

JUYKEKPLUEVQ, N TIlEOn O€ Tuyolo onueio opoyevolc vypol og BaBoc h katw amo tnv
eAeVOepn emipavela oovTal PE TNV Tiieon otnv eAeVBepn emipavela avénpévn Katd To
YLVOHEVO ToUu €181KoU BApoUG Tou uypoU Ml TNV KATtakopudn amodotach ano tnv eAeUBepn
ermudpavela h.

Po (mieon otnv eAevBepn emidpavela)

A

Juotnua afovwv
h dp

p PE

d Dp=p.tyh .




Mn LOPOOTATLKN KOTAVON TNC TILEONC O KUPTEC ETILHAVELEC AVOLKTWV
oy WYy wV

Iynua 3.5 Karavoyrj méoswg ¢ porjs £mi KUpTiS emipaveiag



MOVO yLO LIKPA TURMOTO ,

OUITOLYOPEVTLKI auTh N Avon
KOTAL TO OXESLOGUO OVOLKTWV
g X- QIOXETEUGN
OLKLOHWV)

2X. AVWQEPELEC O€ KAELOTOUG KAl OVOLKTOUC aywyouc



KAewotol aywyoli, eUKkoAa emttevéLn n opolopopdn pon ya
otaBepn Statoun

Moviun pon, Q = XTAO
D=ITAO© - V=3TAO

Q=AV

2X. Ouolouoppn pon o€ KAELOTOUG KOl AVOLKTOUC aywyou¢



Avolktol aywyol

KAgwotol aywyot

Ixnuatilouv eAeVBepn emidpaveLla

6€ oxnuartifouv eAeUBepn emipavela

‘Hreg kAloglg, dvodog MuBpEva LOVO OE TOTIKEC
OUVOPLOVEG

EukoAia mpooappoync oto avayAudo

H pon petafaretal xwplka pe tn Stadopd
avayAudou

Mo otaBepn SLapetpo n toxvtnTa Sev PeETABAAAETAL
(mAnv torkwyv Statapaxwv) He tn dtadopa
avayAudou

Mow\ia Statopwv

ZuvnOwg KUKALKOL

JuvnBw¢ LSPOOTATIKY KATAVOUHN TWV TILECEWV OF Hia
Statopn (m.x. mMAnV KapmUuAwv SLatopwy)

JuvnBwc Bewpeital otabepn mieon oe pia Satoun

Moviun Opowopopdn pon, otabepr taxuTNTa, LOOPPOTia SUVAUEWV

Opolopopdn pon, e€lowon Manning, LoopporTtia
Suvapewv Bapoug He TNV avtiotaon otn por) anod Tov
TuBuEvVa Kal TIG 0XOEC TOU aVOLKTOU aywyou,
eninedog mubuévag

EUkoAa emiteUELUN opoLlopopdn pon yla otabepn
SLapETpO, LoopporTtia PeTafl SUVAUEWV TiEaNG Kal
Bdapoug pe tnv avtiotaon Adyw tPLwWV TPLBEG TOU
TOLXWHATWYV TOU aywyou

H kAlon tou muBpéva tautiletal pe tnv KAlon g
VPOUUNG EVEPYELAG OTNV OpOLOHOpdN pon

H kAlon evépyelag kaBopiletal amo tnv kAlon twv
YPOLLULKWV OTMWAELWY S€V LOXVEL OTL KOLL OTOUC
QVOLKTOUG aywyoUg

MeBobdoAoyikd, cuvnBwWG XPNOLUOTIOLELTOL N ELBLKA
EVEpPYELQ

MeBobdoAoyikad, cuvnBwS XpnOLUOTOLELTOL N
TUETOUETPLKN YPOUKA

MeBoboAoyikd , cuvRBwC XpNOLUOTIOLELTOL O aPLOUOG
Fr (mpocoxr otov TUMOo TG SLATOMNG)

MeBoboAoyikd, cuvrBwG XPNOLUOTOLETAL O APLONOG
Re

Xpnion: ANMoxeteVoelg opBplwv Kal akabaptwy,
apSeVOELG yLOL LEYAAEC TIOPOXEG KATT.

Xpnon: AuckoAia avayAUdou, Siktua Sdtavoprng,
UTIOXPEWTLKA 0€ SikTua SLAVOUNC OLKLOUWV.




Avolktoi aywyol: oxnpati{ouv eAeUBOepn emipaveira:
* d¢uowol
® TEXVIKEC KOTOLOKEVEC

= Natural flows: rivers, 5 Human-made systems:
creeks, floods, etc. fresh-water aquaducts,

Irrigation, sewers,

drainage ditches, efc.




Moviun pon

[l To oxeblaopo Twv VOPAUAIKWY EPYWV TIC TIEPLOCOTEPEC GOPEC YIVETAL N UMOBEON TNC UOVLUNG PONC
LOAOVOTL oTnv TipdEn n por| dev elvat povipn. Ma 1o oXedlaopo Twv USPAUALKWY £pywv N povipn (otatikn)
Katdotaon otnv onola edpdletal n emiAuon elvat ouvnBwc n duopeveatepn.

2T HOvLUn por LoXUEL:

@,

ot

Omou a omotadnmote peyeBoc e pornc.

MpakTKA n moapamdvw eflowon onpaivel 0tL o xpovoc dev epdaviletat movBeva we peTafAnTr). Oa mpemnel
vat Sleukpiviotel oTL otnv twpPwédn pon, Tou cuvBWC CUVAVTATL O TIPAYUATIKA TTPOPRANLOTA, QKON Kal 0TV
MPOOEYYIlETAL WC POVIUN pon OTNV TPAYHATIKOTNTA CURPBAlvVOUV IKPEC OUVIOUEC SLOKULLAVOELC Yo OAal Ta
LEYEDN TNC ponc eKATEPWBEY TNC LEONC TLUNAC.

TwAnvoedn¢ pon: 0 koprog afovag T¢ poNe elval GPUAVTIKE HEYRAVTEPOC ATIO TV EYKAPOLA
Sratom). E@appoyic: Kistotol avolktol Kat AvolkTol aywmyol



AlactacloAoynon Epywv: (demand driven)
Avopeveotepn neplmtwon, 1.X. VOPEVOELC OTO ECWTEPLKO

vOpaywyeio dltaotacloloyw LE Baon Tn HEYLOTN wplola
nopoxn, mMpodavwe OUWCE N apoxn O&v elval LOVLUN

J | |
Evopfn Hpiyeovo Téhog
——

do gt

m3/n

Katavdwon

18 19 20 21 22 23 24
Xpo6vog

Ixfua 2.9. KatavdAwon pLag nepLoxng Tng mdéAng tov Dortmund
Katd Tn OSLdpkeLa TOU TEALKOU ay@va TOU NaykOOMLOU KUNEAOU
nodoopaipov petaEv ItaAiac lepuaviac tnv 11.7.1982 [10].



XTPQTH KAI TYPBQAHXE POH

DoToypoPia TOV AEWPIPNATOV TS
0L0Y£TEVGTC a0 AEMTO GKPOPUGLO

peraviie péca  6e yvaawve
KUAMVOPIKO GOAINVA.

H otpoty pony (laminar flow)
YOPUKTNPICETAL OTTO TO YEYOVOS OTI
TO  pEAOVL  EpQOVILETOL OOV
TEVTONEVO VI|lLCL.

Me v avénen g maPoyNS Kau
™mv gp@avion apiBpov Reynolds
nave amo 2000, epeaviCeTan
aotd0£10 KoL PETATTOON TG PO
e TVPPon

Ztnv tupBwdn
pon Umopet va

UTTAPEEL LOVLUN
poN???

¥ (Xvog porig pueAaviou

( vaoq po:‘]q uehavmu J_ ' tupBwﬁnq pon

ﬁ...-""[-—-.-"""

-1-: "<._ fe ! f-.




A

/H/\\mwwmrbulent

. 4’”\)”'\)" e Transitional

O Ae

Laminar

B Figure 8.4 Time dependence of fluid velocity at a point.

2Tn TupBwdN por UTIAPXEL LOVLUN TN EVOC PEYEBOUC KATA LECO OPO,
UTTAPXEL olyoupa SLakUpavVon TwV TLLWV TNE TaxUTNTOC o OTLYLN OF
oTwyun. H Bswpnon povipng ponc yia tupPwdn pon odnyel otn
ouvakoAouBn Bewpnon taocewv TUPPRNC.

H tupBn €xeL tn SuvaToTNTA T OWVAUELENS, LETAPEPEL OAEC TLC LOLOTNTEC
KOLL TLG KOTOLVELLEL TTLO OpOLOpopda

H tUoBn sival éva dawvousvo cuveyolc LEGOU



Opowopopdn pon

u = U (constant)

v=0 T e =

w=0

(@

FIGURE 4-3 Flow patterns for nonu
flow.

Mn ouowopopdn por

Ouolopopdn pony: otav n petaBoAn tTng taxvTNXAC idla og omoladrmote enlexBeioa
SdtevBuvon, s

oU
= =0

Os
JTOUG aywyou¢ (emadn Ue otep
ToxvTNTA Yo idleg SLaTopEG
(Streeter et al., 2010)

 TolYwHaTa) Umopel va emektabel Bewpwvtag povo av n HeEon
pOMEVEL N OLa .




AAAQL...peTaBOANC TNC TOYUTNTAC KOO
Uy oc Kot povodiactatn opotopopdn pon

* Me Baon T OPLAKEC CUVBNAKEC N TOXUTNTO OTOL TOLYWHOTO TWV
aAywywv givat HNOEv, EMOUEVWCE TO TIPODIA TaYUTATWY AAAALEL
ka®" Uoc akoun Kat TNV opoouopdn pon

Lines of
constant
| velocity

V.

@/

Centerline
velocity
prcmles

(D

——
i
u

u

iz
(@)

%

i

L

77777

__.——--’/

i
)

FIGURE 4-4 Laminar and turbulent flow in a pipe. (¢) Laminar flow, (h) Turbulent

flow.

* amAomnoinon, Bewpovpevo podiA TaxUTATWY (LN TIPAYUOTLKO)




Mpaypatiko npodgiA TaxuTATWV
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TO MAGHMATIKO OMOIQ2MA THX POHX - OPIAKEX XYNOHKEX

X
A 3

ODI (IKéC, ﬁu\s[-]ﬁ KEC OTEPEA EMLPAVELT KIVOUMEVT ME TaXUTNTA U;(f,,t}

X2

KATAvoMn Twv TaxuTrTwy ToU pEUTTOU

akivntn oTEPEQ EMUPAvELa

To pevoTO TPOGPVETUL TTAVTA GTIS GTEPEES EMLPAVELES NUE TIS OTOLES
épyeton o€ eman. H tayvtnte tov pevetov mov PBpicketol oe ema@i
IHE MO GTEPEA EMPAVELD E€IVOL 161 HE TNV TOYOVINTO TINS OGTEPEDS
EMPAVELDS, UVECOPTNTA OITO TO TOGO AELU 1] TPUYELL EIVUL 1] GTEPEA
EMQAvVELD.

2 ovOnKn ™ pun oiteOnonc (non-slip condition)

Mpaypatiko ntpodil taxutnTag: ZTo oTEPED O0pLo akoAouBeital n taxvTnTa TOU

GTEPEOU oplov.
. . AyyeAibng, 2015



Moviun Opolopopodn pon, avolktoi aywyoi: Opotopopedn pon otav to VYPog Pong
TLOLPOLLEVEL 0TAOEPO IOV €ival Tautoonuo HeE th Oswpnon otaBepng taxvtnrag —> P’
vopo¢ tou Neutwva - dabpolopa duvapewv pndev, Loopporia TG opLlOVILAG
OUVLOTWOOC TOU BApoug He tn Suvaun avtiotaon otn por Aoyw TPPRAC

Edooov 1o Uog pong mMapapEVEL TO
1810 (kavovikod Babog pong) Kat yLa
UOPOOTATLKA KATAVOWN TNG Tieonc,

oL SUVAELG TtieEoNG OTOV OYKO
eAéyxou aAAnAoefoudetepwvovtal

Ixnipa 4.1 Oyxog eAéyyou Sid mv amddeiliv mg efioiasws The
CHOIHGRPOU pOijC

Movipn Opotopopdn pon, kKAewotoi aywyoi: Alatripnon Tng OpUAC 0 KUKALKO aywyo
UTTO Ttieon UE HOVLIUN pon, otaBepn Slatoun - otaBepn Ttayxvutnta (dpa ywo otabepn
Statoun €xw opowdpopdn pon), B’ vopoc tou Névtwva —> aBpolopa Suvapewv
undev, wooppormia petall tTwv OSUVAUEWV TILECEWCG Kol Bdapouc pe tn Suvaun
avtiotaon Aoyw TPPNC (via oplloviio aywyo Loopportia ety SuvApEwY TPLBAC Kal
TILECEWC

ATIELPOOTOC OYKOC EAEYXOU, N
Tiieon otaBepr) o€ 6Ao to UYPog
™¢ Statopng, StadEpel katd

Tov afova tn¢ porg ano B<on
oe Béon




MetaBoAn dtatopnc Kot taxvutnta

* Awatnpnon tng padog

* Movodiaotatn povipn pon: Q=V-A

* KAelotol aywyol uTto mieon, otaBepn dtatoun
(ouvnBwc KukAKN A= otaB)—> otabepn tayvutnta
— (aAAaleLl omou umdpyouv SLapopEC CUVAPOYNC TLC

AapPavoupe Eppeoa UTTOY N UE TLC TOTIKEC ATIWAELEC)

* Avolktol aywyol: Z& un opolopopdn pon aAAalel to

v oc emopevwe Q =V-A(y) = aAAadel kat n taxvTnIa.

Movo otnv opowopopdn pon, vy, A = otabepa amno
dlatoun o€ dlatoun.




AKOMLN KOl AV N
pon givat
HUOVLLLN UTTAPXEL
OUVLOTOMEVN
duvaun movu

MPOKaAel
XWPLKA
Sladopormnoinon
™G pong

Elflilﬂipiv: i Tnxuthu Toy v..fgw E!aﬁ'g‘pn
Ba%"a; "I'E'pvv &Ta Ert:n
ans 3rnt¢rm 6€ Dlatomun =b
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Ertitayuvon

POH ITPOEPXOMENH AIIO XTAGEPH KINHXH ITAAKAY XE
ATITETPO XQPO (10 wpopinna tov Stokes)

Eicmon cuveysiog {‘111 + aly o ‘5U3J —0

&Ky &Ky Ky Ertctdyuvon:

Eéicmeeic Navier-Stokes

Otav €xw petaBaiiopevn
poI), UTLAPXEL
OUVLOTOUEVN SUvaun
Sdtadopn tou pndevog
OKOUN KAl av n pon €lvat
HOVLUN

Metabetikol Opol emitayxuvong

Torukn €mutayuvon



2TO TOPOKATW oXApa AapBAavel xwpa:
1. Opolopopdn pon

2. BabBuiaia petafoaAropevn pon

3. Toxéwc petaBaAlopevn pon

4. BoBuwaia petafariopevn pon
5. Ouotopopon pon
H pon elval poviun

UF GVF | RVF | GVF _ UF
T ——

ﬁ# .a ﬁ =™ v
il
: ]E r Opolopiopdn pon: otabepo Babog ponc

_-; .1- . I '-‘ 1 , .
o (apa kot TaxvTnTO)

S Bpadéwc petafaAopevn pon:
- - xopaktnpiletal ano apyn Hetafoln npodid
(«nui-opodpopdn pon»)
Tox€wg petafarropevo mpodiA tng
eAeVBepnC emidaveioc otn TOXEWS
HETOBOARUEVN poN




Kuplotepec dtadopEC avolktwy Kot KAELOTWV Aywywv

Katd tnv por) o€ KAELOTOUG aywyoug UTIO Tileon To peVUOTO KatalapBavel 6An tnv Slatoun evw o€
OVOLKTOUG alywyou¢ TO PEVOTO oxnuatilel eAeUBepn emipavela.

H ntieon og pia Statopn og KAELOTOUG aywyouc UTIO Tiieon Bewpelital otabepn, Evw O0TOUG
OVOLKTOUG aywyouc av SV umtdpxouV LOLaLTEPEC KAUTTUAWOELG akoAoUBel uUSPOOTATLKA KATAVOUN.
2TOUG KAeLoTOUC aywyoUl¢ eivat duvatn n pon Kol o€ avwdEPELEC aywywVv (apKeL N apxLkA Kat n
teAkn B€on va e€aodaiilovv emapkég P og tieong og kKABe onueio Tou SIKTUOU) EVW O€
OlVOLKTOUG alywyou¢ oL avwPEPELEC elval SUVATEC LOVO O€ ULKPA TUAHATA TNG poncg (T.X.
EKXELALOTEC).

— Katd t por og KAELOTOUG aywyoug UTIO TILECT), AYVOWVTAG TLG TOTIKEG ATIWAELEG EVEPYELAC KAL TLG
ouvakolouBeg deutepelouoeg PoEC, opoLopopdn pon (oTtabepr ToxUTNTA KATA KLAKOG TOU aywyou),
ETUTUYXAVETOL OXETLKA EUKOAQ: 0TaBOePN SLOPETPOG O £va KOG aywyou.

— H ouvBnkn opolopopdng pong o€ avoLKToUE aywyoug ival o Suoxepng, MPoUTIOOETEL ONUAVTLKO UNKOG
EVW LECOAAPOUV LETOPATIKEC TIEPLOXEG TAXEWC LETABAAAOUEVNC pONG KAl Bpadéwg peTtaBarAopevng pong
OTlWG OTO CXNHAL.

Y& KAELOTOUC aywyoUC UImopoUV OXETIKA EUKOAQ VA KATAVLKNBOUV GNUAVTIKEC AVWHEPELEC E TN
XPron OVTALWV

JTOUG KAELOTOUG aywyoug UTIO Tiieon cuvnBwE XpNOLUOTIOLELTOL LOVO KUKALKOG aYWYOG EVW OF
OVOLKTOUG aywyouc pia motlkiAla Statopwy.



BAZIKEZ E=I12Q2EIZ 2THN YAPAYAIKH



Baowkec e€lowoelc otnv uOPAUALKN

* 1) Zuvexelac (padac)

—2 € MOVLLLN POI To ABPOLOHO TWV TAPOXWY TTOU
ELOPEOUV OE EVOL OYKO EAEYXOU €lval LOO LE TO
aBpolopa TV MAPOXWV TTOU EKPEOUV:

Z Qin :Z Qout



E¢lowon ouveExelac oe KAELOTOUC aywyouC

* Ouolouop@n pon o€ KAELOTOUG aywyous

* [wa poviun povodlaotatn porn o€ KAELOTOUC aywyouc
UTTO Ttieon ME eva KAAOo aywyou)dev cupBaAiouy
aAAol aywyol) tote yla otaBepn dLapetpo Bewpeital
otaBepn tayxvtnta (opolopopdn pon), aveéaptnta
armo to avayAuvdo.

* Mpaypart:
O=A-V =010

2 > — V =ortal
A:ﬂD ,D=oral

J



[POUUEG pONG

* Htayvtnta eival epamtopevn

(dwroypadia nediou =
TOXUTATWV)

* 2T MOVLUN PON OL TPOXLEC
CUUTILITTOUV UE TLC YPOLUMEC
pong

* Amlormoinon ntaxuvvong:
(ouvaptnon tng dtevBuvong s
TWV YPOLLWY PONG KL TOU
kaBetou povadilaiou ~ 'Ifi : Ve

Lie

SLavUopaToC O€ QUTEC) i’ L



E¢lowon Bernoulli

KAtpaka £pywv MOATIKOU HNXAVIKOU: UEYAAEC Qo iy i
VPOLLULKEC aMTWAELEC TPLBNC

[0l LLKPEC OTTOOTAOELG , TIPOCEYYLOTIKA OE KATIOLEC
TMEPUTTWOELC UTTOPOUE VoL UTIOBECOU E UNOEVLIKEC
anwAeLeg evepyeloag (e€lowon Bernoulli)

JUUTEPACHOTA: TT.X. VLo 0pL{OVTLO AYWYO, N UELWON TNG
Slapetpou odnyet o avénon tng taxvtntac (€€. ZuvexeLlag)
KOLL KOLTQL OUVETTIELOL O€ pelwaon TNnc rtiteonc (€€. Bernoulli)
Artotopn avénon VPoUETPOU O KAELOTO aywyo oTaBepnC
Sdlatopnc odnyel o€ mTwon TNG neong



Nopoc Bernoulli, oAokAnpwon KATA UNKOC TwWV YPOLULUWY PONG

otL¢ e€lowoelg Euler (atpBn pon)
€poppoyn, KATO HAKOUG UiaG YPOUUNG PONG

. r dV,
ds (p + v2) = pV, ds

d o T X E
or _E{P_I_ TE] _-pdT(Z) (5'”])

When Eq. (5-10) is integrated with respect to s for incompressible flow,
we gel

VE
p+'yz+p-§i={? (5-11)
Equation (5-11) is Bernoulli's equation, which can also be written as
p Vi
- ,}; 23 1 ( ]

i :_H i
Here p/y, z, and V2/2g are called pressure head, elevation, and velocity
head, respectively.

AoTtpoPLAn pon —n elowon oxVeL og KABE onpelo Tou

rnieblov pong






ApxnA tnG dratiipnong tng evépyelag. To UYPOC TNE YPAUMAC EVEPYELAC OE piat BEon 1
(H1) eival oo pe to uPog evépyelag oe pia katavtn 0€on 2 (H,) pall pe tig anwAeled
otn Stadpoun 1-2 ﬁZh?irllﬁz .
Hi=H,+ 2h¢ 1
[
INUELWVETAL OTL O KAELOTOUC aywyoUg UMO Tieon yla HOviun porn to UYoc
evepyelac H, oe uovdés‘r’]Kouq otn B€on (1) anoteAeital:
e Amno tnv uPopeTpLkn otadun (z1)
: ; pP1
e Touyogmieong o

2
e To UYPOC KLVNTIKAC EVEPYELOC i

AnAadn:
2 T~
Hi=2z;, + S—; + ‘z/i—g ATIWAELEC EVEPYELOAC
2 ~
H2= Z, + & + ‘é—

Pg 29 _



ATtoleieg  Evépyelag
[oapun evépyerog 2

R
29
H
1
|
A
A
ZT
Y ¥

|

e,

—
2

‘{ — = —

[pappn evépyelag: MTwtlkr), akoAouBwvTag TNV Kivnon Tou VEPOU, EKTOC OV UTIAPXEL
avTtAila

MielopeTplkn ypopuun = vYocg nieong +uPoc BEong



H mtieon og kAelotoU ¢ aywyouc Umo Ttieon pmopel va BewpnBei otabepn yla pia
Statoun. AvtiBeta oToug avolktoug aywyouc n miieon o€ pia dtatoun dev eival
otaBepn aAld akoAouBel tnv udpootatiki kKatavoun kab  voc (e€alpeital o

KartUAoG TuBpEvag). Katd cuvemela to Uog mtieong kot to Upog B€ong Tavtilovral
amo tn otadun tng eAeVBOepnC emidpaveiag amod tov afova avadopag

Omnote o€ AVOLKTOUC aywyouUg LoXVEL:

2
=2+ )i (BdBog porig+ 2
, , ‘éz >-
Ho= 2, + b (Babog ponc)+ 2
_/

H1=H2+ th, 1—2

2x0Ato: lMpopavwe, to Badoc pong eival dueoa opato evw to UYocC mieong o€
aywyouc umo rtieon umopei va Uetpndei puovo ue tn Bondeia pavoueTpou.



NTILEG KALOELG Kall
TEXVIKOUG aywyoUg

Me Aiyo AaBog yia +
I
I
I
1
1
|
|
|
|
|

afovacz=0

>X. 2kapipnua tou Seiyvel tnv apxn SLatnpnonc tn¢ EVEPYELOC YLo EVO TUNUO TOU QVOLKTOU aywyou aywyou 1- 2.

Eldkn evépyelo= BAaBoC pong + KVNTLKN EVEPYELQ



Non-uniform gradually varied flow. S:zS, 2S5,

T B s st e S T s i
Dd“‘"“ (c] 2002 Wadswoith Group f Thomson Learming



Atomo!!!
Avaykn cupmepiAndPnc Twv anwAeLlwyv eVEPYELAC OE
MEYAAN UAKN

Av 6ev AABw umtoPn TG amMwAELEG EVEPYELAC LOXVEL:

* Ol OUVOAIKEC QTIWAELEC

P v.> p. ¥ 2 EVEPYELOC €lval logg pe TNV
ApA gtz =B+ B 47 oz, =2z, (drono) v opeTpikr Stadopd Twv
pg 28 pg 28 oTAOUEWV TWV EAEVBEPWV

AapBdvovtag urtodn TG anWAELEG EVEPYELAG LOXVEL: empavelwv (LeTagy twv duo
, ) detapevwv)
Pa Yo 2, =08 Yo, Zy+3h, < * To vepo EXEL VAN TIPOCHETPA

pg  2g pg 2g TLG QTIWAELEG YLl OAO TO KOG
z,—zz=Az=%h, TOU aywyou L




[pOLUUN EVEPYELAC OE EVA AYWYO
(Ywplc avtAia)

* [poppn EVEPYELOC: O YEWMUETPLKOC TOTTOC Tou UPoc BEonc, Tou
U ouc nieonc Kol Tou UPOoUC KLVNTLKAC EVEPYELOC

* [AVTOTE MTWTLKA arto th dlatpnon NG EVEPYELOC

* Aev oyVeL tavta to iblo yia tnv MN.I. (BAn. Ent. pabnua)

AV

h

Xy Evepyeioxi) o106poun] oo THY vwousTpixy Bsan e decausviic, oto H



MéEtpnon og puolkd vdatopepata
Meéeon nopoxn

Méon taxutnta

JUVTEAEOTNC KWVNTLKAG EVEPYELOLC

KN opotopopdn taxvutnTa 0TN
Sratoun (kuplwc Korta Aatoc)



Meon toxuTnTo YLOTL UTTAPXEL KN EVIOLOL
toxutnTa o€ OAn tn dtatoun

* OpLopOG e Baon TNV apoxn

— AT T

V: Méon tayvtnra eivon ) mapoyf mov dé€pyetar avé povdda empaveiag

’ 1
oaTo p'q; :Uud/i‘ OTOV & ompeky TadT T

=)

=




e moto faBoc ustpw ™y tayvtnta pong? ILy. oto uéco vyog?

‘E@appolovtag tov AoyaplOuikd VvOpo o6& QmMOGTAGH QMO TNV EMLPAVELA
HEYaAVTEPTN TOV 60% TOU VYPOUG, 1) HETPOVLEVT] ONUELXKT] TOXVTTA TIPOKUTITEL
QVTITTPOOWTIEVTIKOTEPT TNG MEGNC. ZUVETTWC, OTAV AQUPBRVETAL UOVO Ula UETPNON OF
kafBe kataxdpvpo, o uviiokoc fubiletar oc fabog (oo ue to 60% TOoUV OVVOALKOU. XThHV
mpaén, otav amavtwvtal ueyala fadn véatopéuatog, eival TpoTiunTeéo va Aaufavovtal
TEPLOOOTEPES TNG ULAC UETPHIOELS OE KaOe katakopu@o (ovvnBwc 8U0). Avtéc malpvovTal
0 AMOOTACELS Ao TNV emipavela oec ue 20% kat 80% tov BaBovg, avtiotoyya. H d¢
uéon Tayvtnta oe kabe katakopvpo (kat apa o kabs TUNnua), mpooeyyllsTal
IKQVOTIOINTIKX ATTO TOV UECO 0PO AUTWV TwV SU0 TIUWYV Kat SIVETaL amo tnv e§lowon:

: (1)

2NV mepintwon mov To LdBo¢ TOUu TOTAUOU E£lval apKeETa UEYydAo Kait othv (Ola

Karalcopwpo )/LVOVTCIL TPELC O'T]HSLQ’KSC ,LlETpT]O'ElC C(UTSC ET[LTEAOUVTQ’L o€ C(T[OO'TQ’O'ELC ano

~ 7 A~

™V emipavela (oeg ue 20%, 60% kat 80% tcx
v eélowon: (Muwuikov kat MraAtdacg, 2(

Métpnon
TaYUTN TG OTO

60% tou

BdBovg




2 UVOALKN Ttapoxn

*Je autd ta Tunuata m.x. ABA, BTEA kAm uetpiovvral, apytkd, ot SIXOTAOELS TOUG KAl
vmoAoyi{etal o eufado tovg A, , evw oto Uéco Twv TUnuUAtwv, m.x. AB/2 1 BI/2
UETPLETAL 1) TAYUTNTA pori¢ uE MUAloko (Xynua 1.1). H mapoxn tnc¢ Siatournc
vmoAoyiletal amo v eélowon:

*0mov  Kal To €Ufado kat n uéon TayvTNTA TOU TUNUATOC I KAl n 0 apltOuog twv
TUNUATWV.

A B r z

Métpnm] A : : : .
Tay0TNTHG 6TO S . . b
60% Tou O : . Métpnon
BéBoug E\ : (] TaxlTTag 0TO
o) / 20% won 80%
: . Tov BdBoug

Iua Xwptopds Statounic o€ EMUEPOTS TUNUATA KL UETPTON THS TaYUTHNTAS POTIC




Nwc ywpilw tn dtatoun?

a) Ta tunuata avta Oev mpeEmel va eival usyalvtepa amd to 1/15 1tn¢
Sdlatournc.

B) H mapoyn oec kaBe tunua mpemer va eival uikpotepo touv 10% 1n¢
OUVOALKTC TTAPOXTIG.

Y) H Stapopa otic TayvtnTes UeTaé §U0 OUVEYOUEVWY TUNUATWY OEV TIPETIEL
va elval ueyadvtepn amo 20%.

(Mupwvidng, 2023 kat Subramanga, 1994)



EVaAAQKTLKQ, |LE TLEPLOCOTEPO aKkpiBela

*EVaAAQKTIKA UITOPW VO LETPAOW TNV TaXUTNTA Kot ota idla Badn oxtL oto pe’ oo t¢n Statoung alAd kel mou xwpilovtal ot
Slerudaveleg

*H ouvoAwkr tapoxr Kot Ke TNV Tapadoxn OTL LEAETALE UTIOKPLOLUN pon uTtoAoyiletal e TV LEBoSo péong Statoung. H datoun
Bewpeital 6tL anoteAeital ano éva aplOuo Awpidwv mou opiletal amod dUo yeltovikeG kaBEtoug (Zxnua 3.1). H mapoxn g, Héow
™¢ Awpidacg 5-6 yla mapadelypa sivat:

*Omou eival n péon TaxuTnta otnv 5" kat 6" kABeto avtiotowa, €ivalto Babog porg otnv 5" kal 6" kABeTo avtiotolya KAt €ivaln
anooTaon Twv KBETwVY 5 Kal 6 amnod éva apxLlko onueio otnv oxOn.




METPHZEIZ MEAIOY 2E TMHMA NMOTAMOY KO2YNOOY




MetpnoeLlg katavtn dtatopig touv motapou KoouvOou

Mivokag MerpAoewy - Alaropng kardvn
m ﬂujﬂlpl_u;l P Toyimia || a4, BABog Pof Tl;';cL]lr]l-f

{misec)
013 | D443 5

Toun lMotapou - Kartav IRCIE

mArog morapou 21,90,

Awapéplon tTng

3 008 | 0613 i

fmj | (misec)
022 | 04
IRK

022 | 0
012

m Eu:'LE;u;IPo*q Taylnmyra

9
1

mp | (misac)
018 0.50
014

026 0,50

ETLPAVELAC KOl LETPROELS TAXUTATWV.




METPHZEIZ MOTAMOY - KATANTH (MAATOZ MNOTAMOY 21,90 uétpa)

Metpnoeic tayvutntoc vepou —uedodoc ueonc Statoung

Meon Toyutntaava | Eppadov Alato Mapoxn ava diato
Metpnoel | Marog Awxtopng (BaBog Pong N b HAG| Ttpoxn ol Duatopgc| AA (m?) |V (m/sec)| AA*® | BA*V?
Awtopn V (m/sec) DA (m2) (mA3/sec)
1 0.13 0.443
7 1.60 003 0.1205 0.0533815 A 0.1205 | 0.443 |(0.0104760.023648
3 0.08 0.613
1 3.00 005 0.1790 0.10973 B 0179 | 0613 [0.041232{0.067263
5 022 0.44
; 6.90 013 1.0675 0.46970 r 1.0675 | 044 {0.0909340.206668
7 0.22 0.62
3 310 0 0.5335 0.33077 A 05335 | 062 [0.127148{0.205077
9 0.18 0.59
4.20 0.6500 0.38350 E 0.65 0.59 [0.1334960.226265
10 0.14 -
1 0.26 0.50
310 0.5605 0.28025 z 0.5605 | 0.50 {0.070063 | 0.140125
Iuvolo 311 0.473349| 0.869046,

H ouvoALkr apoxn Kat e TV Ttapadoxn OTL LEAETAME UTTOKpLoLn por urtoAoyiletal pe tnv pEBodo
neong Statoun. H Statoun Bewpeital otL amoteAeital amno Eva aplOpo Awpidwv mou opiletat ano duo
YELTOVIKEG KABETOUC N mapoxn g, LEow NG Awpidag 5-6 yia mapadetypa ival:

ds .d
G5 = $22 e 0B %0 g, — by)

. -

Omou &elval n HEo | Babocg poric otnv 5"kat 6"

KAOeTo avtiotolya Kol €ival n amootaocn Twv KABETwy 5 Kal 6 amo €va apxLko onpeio otn 0xOn.



«oTPLPVO BEpar
2uvteAeotnc S10pOwaonc KvNTIKAC
EVEPYELAC, O
* Mn opolopopdn Katavoun tne taxvtntog kab’
VP oc, ouvtedeotnc wote aV?/2g va Sivel tn

LLECN KLVNTLKN evepyeLla yia tTn dtatoun. Mo

LLOVLUN PONC ME BAON TNV KIVNTLKNC EVEPYELA
ntou HLEPYETOL OTN HOoVAOO TOU XPOVOU':

aV?/2g va 6ivel Tn p€on Kwntikn ava povada Bapoug yia otoxelwdn enidpavela

Pon palac=pudA=p

ABpolopa -> oAoKANpwa



«oTpLPVOo BEpa»
2UVTEAEOTAC H10POWONC KIWVNTLKAC EVEPYELOC, O

* [ poviun ponc Ke Baon TNV KLVNTLKA EVEPYELA TTOU
SLEpyeTal otn povada Tou Xpovou yia OAn tn dtatoun:

*'Mn opolopopdn Katavourn tng taxvtntac kab’ vyoc,
ouvteAeotic wote aV?/2g va Slvel Tn LEON KWVNTLKNA
TMPOCEYYLOTIKA HE BAon TN MEON TayUTNTA:

* YuvbuOOoTLKA:

* TEXVIKA Epya, ouvnOnc epappoyec: a=1



[l TPOOCEYYOTIKES TIUES, Ol CUVTEAEOTEG EVEPYELAC KAL POTING UTTOPOUV
V& UTTOAOYLOTOUV Q0 TOUS akOAovBouc¢ TUTTOUG:

*  OTov 1959



2€ TLEPLITTWON OTIOU EXOUME onuavTikn diadoponoinon
KOTA TTAQTOC KOl LAl QLVTLITPOCWTEVTIKA (HEON TLUA) yia
TUAMO EMLPAVELOLC




Léiowon Evépyeiag

’u

H apxh Siathpnong tng evépyelasg, eQO0OV n KAtd Pnkog kihion, S, tov
nuBpéva tov aywyol eivar pikpn, ®oote va BewpnBel cos B = 1, obnyei
omnv eficoon:

zi+ i+ a1 (Vi/2g) = 2, + v, + a,(V3/2g) + AH (3.5)

6rnov: z; = T0 LPOUEIPO TOL MLBPEva KAl @ o ouVIEAeoTNS cLVOPOWONG
NG KIVNTIKNG €VEPYEIAS 0 onoiog opizetar wg:

J V3 dA fV3dA
A

VA )

Movo yla
opoLopopdn pon
Y=Y,

V=V,

Sp=5¢

2x. 3.3: H eliowon evépyeras o smAsyuévo 6yko avapopds.



2UvOeTn dLatoun

A I
2 , Aa

/.
e

V, Vs

o — Vﬁfll + V;xlg + [/?:’13
134




2uvteAdeotnc 6L0pBwWoNC KLVNTIKNC EVEPYELAC
Mplopotikot aywyotl, cuvnBwc povada

KavaAwa (Chow, 1959) Ty Tou @ o Twitoup
(via ponj Kwntikig evépyeLag) (via por} oppg)

AVG MAX MIN AVG MAX

Kavovikd kavaAia, oywyoi, UNEPXELALCTEG

Duoka pépata Kot Xeipappot

1.15
MotapLao KATW Ao ayo

1.20

KolAadeg motaplwyv, AN LHLUPLOUEVES

Y€ GUOLKEC KoL OLKOVOVLOTEC SLOTOMEG OL CUVTEAEOTEC QLUEAVOUV, OE TEXVLKOUC
AyWYoUC ULKPOTEPN TLUN. 2To padnua av dev divetal dtevkpivion a =1




2To0 HEC-RAS

Evaluation of the Mean Kinetic Energy Head
Within the 1D river reach segments, only a single water surface and therefore a single mean
energy are computed at each cross section. For a given water surface elevation, the mean
enargy is obtained by computing a flow weighted energy from the three subsections of a cross
section (left overbank, main channel, and right overbank). Figure 2-5 below shows how the
mean energy would be obtained for a cross section with a main channel and a right overbank
(no left overbank area).

I/lz al I/fz

WV, = mean velocity for subarea 1

V; = mean velocity for subarea 2

Figure 2-5 Example of How Mean Energy is Obfained

To compute the mean kinetic energy it is necessary to obtain the velocity head weighting
coefficient alpha. Alpha is calculated as follows:

Mean Kinetic Energy Head = Discharge-Weighted Velocity Head

ril J'r‘l

o ‘2J‘“ +h ‘3"‘

AR S (2-7)
2g o+,

]
2



Edapuoyn

Awortopun Tayvtnto mapoxn
A V VFA VA3*A
1 11,15 0,37 4,08 0,55
2 50,17 0,44 21,87 4,15
3 81,75 0,70 57,31 28,17
4 85,47 0,74 63,04 34,30
5 74,32 0,77 57,09 33,68
6 44,59 0,59 26,10 8,94
7 7,43 0,29 2,15|VMEAN 0,18
AoA 354,89 g 231,64 0,65| 109,97
IS AV, L
NG M
\\\ 4 |
ALY : IVA3*A/(VI
a 1,11
P \,’TA\






ms =mL+ mGs

Otav avadepopaote

gvvoouue doptio
Koltn¢ Ke ocupon
BATt ayyALkr) opoloyia

. XpwoavBou kat Toakipng, 201

a. via 1o goptio koitng pe agbpon mg,
B. via 1o Qoprtio Koitng os ai®PNon Mmgg, QTN WG
V. yia 1o ofikd @optio Koitng mey,
0. vyia 1o @oprtio andénavong m;,
£. Vyld TO QOPTio O ai®pnon msg,
Z. Vyia 10 oAIKO Qoprio myg.
=z
A =
gl == B . . <L /
- ) . Texvik YSpohoyia

Zx. 16.7: Aiaxwpiopds ouviIOTQODV OTEPEOTIAPOXIIS.



Edapuoyn

2€ OVOLKTO aywyo TipLv to Bupodpaypa to faBog pong eivatl 4m HETA TO

Bupodpaypa 0.50 m. O aywyog eivat opBoywvikn g dStatopng mAatous 2 m. Na
I'ayvonBoulv ot anwAeLeg svépyetag Petafl Twv U0 BECEWVY KoL N UPOUETPLKN

Sdtadopa.

2XOAL0: 2& AAAN evotnta Ba avadepBoU e yiao To USPAUALKO AU KATAVTN TNG

(2) yta tTn ouvnBOn mepimtwon TNG UTTOKPLOLNG KOl UTLEPKPLOLUNG PONC OTLG

Bcoelc (1) ko (2) avtiotowa.

i ~ \/
y,=4m  b=2m —
k N
y,=0.50 m
L ____L____— X




Auon
ATtO TN SlatApnon TNG eVEPYELAC BeEwpWVTOC AUEANTEEC ATTWAELEC EVEPYELAC LOYXVEL:

H,=H,

I~

= | herefore:
Vl2 Vz
.
Mo UKPA LAKN €XW KOl OLEANTEEC UPOETPLKEG
zl=22=0, Cﬁ=1

SlapopEC 0 QUTEC TLC TTEPLTTWOELC:
Ao tnv g€lowon tng ouvexelag oxvel: Q=V, by =V, by,

0’ 0’ S

y, + — + ngi @ ‘_VEJ Y17 )2
" [ 1 __ ]J—%%
2¢*%41050° 47

solving forQ=8.352m" /s



[eVIKO SLaypa Lol UTTOAOYLOLOU TNC YPOAMNG
EVEPYELAC OTOUC KAELOTOUC aywyouC

ZEKLVW aTTO TO avavtn onpeio

(rt.x. 6e€apevn)
AkoAouBwvtac tTnv Kivnon
TOU VEPOU adaLlpw TLG
QTIWAELEC EVEPYELOC =
VPN EVEPYELOG
Adalpwvtag oo Tn YPOoLUUN
EVEPYELOC TO LY OC KLVNTLKAG
evepyelag = vdog
TUECOUETPLKAG YPOAUMNG

ATtO TNV TILE(OUETPLKNG
ypapun adatpw to uog
Bcong - vy og tieong

To Uo¢ TC ypappnc evepyelac oe pia Beon divetat amod v etiowon:
2

F.Ei:Hl.z(hpl.+zl.)+V4

2g
h=i
Y
Evw 10 0Y10g TC MIELOUETPIKNAC VPN SiveTal amo Ty mapakdtw e€iowon:
[ =h, +z

JUVEMWE N VPO Evepyeiag amoteheital amd To ABpOotapal TG TEIOUETPLKAG YPOUNAC KA
ToU UouC KIVNTIKNG Evepyelac:

V2
[E =III' +—

2g



1,1, due to Iz

iy due to partially
closed valve

hy at
] outlet
i 3 27
e SR = 5 = ’
b e

FIGURE 10-15 Head losses in a pipe.



[pOLUUN EVEPYELAC OE EVA AYWYO
(Ywplc avtAia)

* [poppn EVEPYELOC: O YEWMUETPLKOC TOTTOC Tou UPoc BEonc, Tou
U ouc nieonc Kol Tou UPOoUC KLVNTLKAC EVEPYELOC

* MAvtote MTWTIKA oo TN SLaTPNOoN TNG EVEPYELOLG

* Aev oyVeL tavta to iblo yia tnv MN.I. (BAn. Ent. pabnua)

AV

A 4

Xy Evepyeioxi) o106poun] oo THY vwousTpixy Bsan e decausviic, oto H



Nayida

* Hypapun EVEPYELOC ELVaL TIAVTO TTTWTLKN

* Hdatnpnon tnc eVEPYELOC Elval N Baoikn
apxn Kol LoYUEL TTAVTOTE

* H me(OpETPLKN VPO TWV KAELOTWV AYWYWV
KoL N ELO0LKN EVEPYELA OTOUC OVOLKTOUC
AywYyoUC OLATNPELTE KATW aTtO ELOLKEC
npoUmnoBeoeLC.



ApYLKN onuElo
!
e Aetapevn N U(’Sa}%rtupvoq N dpayua n
Atpuvodegapevn fHy=z
* Mo YnAan Baﬁauevr'], ro PnAd n evepyeLa
KL AP QA OL TILECELG OE KAELOTOUG OlyWwyOou G

M apeAnteeg TpLBEG




Mott and
Untener, 2016
Ednpupoopévn
UNXQVIK]
PEVCTWY

E¢lowon evepyelag

, E "Orav éva uypd
1daviko pevoto (1)oe (2) eKpEEI OTOV
eAeUBepo aépa utrd
TNV emidpacn ng
0 Bapurnrag amé pia

5 -lD E-lD .D; 2 o1 Badouc h (arré
v U3 NV eAE0BEPN
?‘E i T _"P'r ey s o G b 5 EMIPAVEIG TOU)
! £ armrokTa "raxutnta

ekpong" ion ue
) . &Keivn 1mou Ba
v, =4f2gh (Bewpnua Torricelli) eAduBave eav
Emeqre eAcUBepa
aro idio uwog".

Idaviko pevoto (1)oe (3) (z,=z,)

vy = V2gh + 2g(-h) = 0 enahridevon


https://el.wikipedia.org/wiki/%CE%92%CE%B1%CF%81%CF%8D%CF%84%CE%B7%CF%84%CE%B1
https://el.wikipedia.org/wiki/%CE%A4%CE%B1%CF%87%CF%8D%CF%84%CE%B7%CF%84%CE%B1

TpLBEG

S\~ _ pappn evépyelag
L3 H i



ZwvTpLBavt




3 ) Apxn Slatnpnong TG opungG:
Av UTtApPXEL £VOG LOVO CWANVOG LE opolopopdn Hovipn pon n eélowon tThg opurc

ypadetal:
Z F. =pQ (VXSKpoflq _ szwom )

Z Fy =pQ (V;KPOﬁG _ V;IGOﬂG )

Ou duvapelg pmopei va eivar duvapelc mou Opouv OTIC
EMLPAVELEG TOU OYKOU £AEYXOU, OTIWG N CUVLOTOHEVN TWV TILECEWV OF
kaBe dtatopnn Ko N TR (emipavelakeg SUVAUELS) | LATLKEC SUVAUELG
(Bapog).

Oa avaAuBel
OTOUC KAELOTOUC
aywyouc




Eotw F=(FX,Fy) n dyvwotn dUvaun mou aokeital otov ocwAnva (amodé tn otiplen tou

owAnva) onwg £xeL onuelwBel oto oxNua 2.4.

Epapuolovtac tnv &fiowon opung onueliwvovrtas oauvBaipeta TIC SUVAUELS
avTibpaong Katd x kol y Kal emAEyovtac avdaipeta éva ouotnuo aéovwv LoYUEL:

ZFX =p,A, —E =0-pQV, (xx")
ZFy =p.A, _Fy = pQ(_Vz)_O (yy")

‘Oykog €Aeyxou | Fy

v
TN

<« F,

p1A; > > Vi

V,

161 Statoun
Bernoulli,

Oa avaAuBel
OTOUC KAELOTOUC
oywyou¢

pLOUOG aovwV Kot ouvakodovFa
TIKNG QOpdg

oo, pl=p2

3X. 2.4 AlaTripnon TG OppiAS o€ KUKALKO aywyd pe ywvio 90° ‘
Emougvwg: ‘

E =p A, +pQV,
Fy =p,A, +pQV,

Zuvenwe n duvaun avrtiotaong da npénst va ELCOPPOMEL OXL
uovo ti¢ duvapueig mou opeidovral otnv nicon aAAa kat tnv pertaBoin

e ANITAC



MeBodoAoyikr apatripnon
Awatipnon evépyelag HetaEL duo Beoswv Aapavovtac umoPn OPWC TLG
ATIWAELEC EVEPYELAC, OKOAOUBWVTAC TN VPO PONC TPOXLA YLOL LOVLLN pON)

Alatipnon opurG: OYKOC EAEYXOU




ﬁ'cpw’cr; Kou ‘Cup@ubgﬁs pov:r |

2tpwtn Kot TupBwodnc pon

KAEISTOI ATrerol

SUBLEUN

Regnolds

. 4

X pwia 11 0Toc

vi ?/ . Beinmg

}
4

VEPO

E
>~
=

(a)

L Al e
£T8 0 5 g e -,.:"..' ( ﬁ )

_J




A‘ol?f‘ég Eejnous - Pe = 50Vc;féls dgpav&fas

Suvé[.u:ts lf;';Soug

Re: uﬁ

v

t '
U ! Zaxvinta oy yypov

g xapirznpte'z:mque%as e YiaGzaseis H*;FovS,

Kpttnplo otpwtouc n tupBwdouc pong
Opiletal pe SLOLKUUAVOELC...




OpLopoc: we =4 R (ocupPato pe Darcy —Weisbach)=(D yia mAfpw¢ YEUATO aywyO KUKALKO)
KpLtriplo oTpwtig pONng

Ot udpavAikot uTtoAoyLopol
yivovtal pe Baon tig
EOWTEPLKEC HLALOTAOELC




Oplopoc: we I=4 R (oupBato pe Darcy —Weisbach)=(D yla mARpw¢ YEUATO aywyO KUKALKO)
Kpttriplo otpwtrig pon¢

Re = V4R <2000

v

Opopoc: we /= R (oupBato pe Darcy —Weisbach)
Kpttriplo otpwtng pong

Re=2"R < 500 (Elgeretal.,2014),(600y1a dAlovs cvyyp)
v
rR=2
P

Oplopoc: we /I= R (oupBato pe Darcy —Weisbach)
Kpttrplo tupBwdoug porc pong

VR 2tnv npadén (rmAnv

Re = >750, EPY0OTNPLOV) OL POEG

v

elvol tupPwodeLg




Apl‘bré; F!‘ouglg =Fy = vaa'l'}-'éls as!ocweias
‘ sUVc;,JEH Gafézntas

Fr = \/%f Cpe'o.u:és c{of&'s Fr = _;Z_)

g ENlzaxuven eaf&')'e:nzas

MoTapia (Apepn) pon

{ewo_szfgis Craxeia) Fz*'z ; avaproyuws Twy ‘Blro:)v <oy Fr

KUpla o€

| QVOLKTOUG
Ya Fr £ RoTapia Cunoxfislrn 'oof;) aywyoug
CKivaen [las {.AIKF\"'S %mzaqués Feu npos za Kplowun pon:

avévzh)

Yla Fr> XElpappdng (VNepkpicipn) (Jor; I

| i EVEPYELA
CKlvngn rl]as HIF’M; %mzq'oqxé,g r_o'vo nfas Ta
Katévvn)

fla Fr=1 K‘Ol‘elllh {wr'»

- 6uYnIwg czVorané‘quc,n Fa\‘:v
(e¢ Hmfo\'; HRKove avolkzeys aywyovs FKaca
Mposeyyien opeiopopqe pom)
- GVV\';%u)S tuf)@u\')Sw Fav'a
- Kcu:al n,posé'b'bf)en 6'6a3£.,or’: (wr'v

Coetd%v'v; fov'v :F&!.Aatﬁ)



Afﬁ)'uég Eejhoﬂig = Re = SUVa}JEzs aspav&:as
| SUqu.:ats lfwgovg

Ee: u.l
v
: ' - MeBobdoAoyika
u g
gaxventa coy Ub’f)ov epappoyn KupLa
g )(aFaK‘CnFthlKo petyrfbas /ua Slag;qgg_l‘ fm""" 0€ KAELOTOUS
Guva dws ’4660 Gadoe or ¢ OLYWwyoug
A F Juvnlwg
Le 2t tupPwédn pon,
b Mpoodloplopog
A . UMm' Siato’u; f

b : Plates u“ﬂ*’w amcfc:vems
Vo FlvnrAazlﬁés CUVELAEGTHG GUVEKT|KSTNTAS zfubgovs

Sz wrn

T‘_’L@“’_Sng f g Avaast TWYV mr;wv Tov ﬁe.

Y. Ma Re. 600 = 6"61000‘&% Pov;



	2. Βασικές έννοιες
	Πεδίο εφαρμογής Υδραυλικής: Σωληνοειδείς ροές
	Slide 3
	Βασικές έννοιες
	Slide 5
	Slide 6
	Διαφορές υγρού με στερεά, υγρά
	Υπόθεση του συνεχούς μέσου
	Slide 9
	Υπόθεση του συνεχούς μέσου (2)
	Υπόθεση του συνεχούς μέσου (2) (2)
	Ιδιότητες ρευστών
	Slide 13
	Πίεση
	Πίεση: επιφανειακά -θλιπτικά
	Αρχή του PASCAL
	Νόμος τουPascal
	Πίεση σε υγρό ακίνητο αλλά και σε με ελεύθερη επιφάνεια (πολλές
	Slide 19
	Υδροστατική κατανομή της πίεσης
	Slide 21
	Αρχή Pascal: η πίεση σε οποιαδήποτε σημείο ρευστού σε ηρεμία εί
	Iξώδες
	Slide 24
	Πίεση σε κινούμενο υγρό, κλειστοί αγωγοί
	Πίεση σχετική στο σωλήνα
	Πίεση σχετική στο σωλήνα (2)
	ασκησιολογικά
	(Ογκομετρική παροχή)
	Παροχή (ογκομετρική, σωληνοειδής ροή)/φυσική ερμηνεια
	Μέση ταχύτητα γιατί υπάρχει μη ενιαία ταχύτητα σε όλη τη διατομ
	Συνέχεια (διατήρηση της μάζας)
	Slide 33
	Anoiktoi - kλειστοι αγωγοι eιδη ροησ
	Μεταφορά νερού με αγωγούς
	Ανοικτοί αγωγοί
	Slide 37
	Slide 38
	Slide 39
	Πολυπλοκότητες σε ποτάμια υδραυλική
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Μόνιμη ροή
	Διαστασιολόγηση έργων: (demand driven) Δυσμενέστερη περίπτωση,
	Slide 52
	Slide 53
	Ομοιόμορφη ροή
	Αλλά…μεταβολής της ταχύτητας καθ΄ ύψος και μονοδιάστατη ομοιόμ
	Slide 56
	Slide 57
	Slide 58
	Μεταβολή διατομής και ταχύτητα
	Slide 60
	Επιτάχυνση
	Slide 62
	Κυριότερες διαφορές ανοικτών και κλειστών Αγωγών
	Βασικεσ εξισωσεισ στην υδραυλικη
	Βασικές εξισώσεις στην υδραυλική
	Εξίσωση συνέχειας σε κλειστούς αγωγούς
	Γραμμές ροής
	Εξίσωση Βernoulli
	Νόμος Bernoulli, ολοκλήρωση κατά μήκος των γραμμών ροής στις εξ
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Άτοπο!!! Ανάγκη συμπερίληψης των απωλειών ενέργειας σε μεγάλη μ
	Γραμμή ενέργειας σε ένα αγωγό (χωρίς αντλία)
	μη ομοιόμορφη ταχύτητα στη διατομή (κυρίως κατά πλάτος)
	Μέση ταχύτητα γιατί υπάρχει μη ενιαία ταχύτητα σε όλη τη διατομ (2)
	Σε ποιο βάθος μετρώ την ταχύτητα ροής? Π.χ. στο μέσο ύψος?
	Συνολική παροχή
	Πως χωρίζω τη διατομή?
	Εναλλακτικά, με περισσότερο ακρίβεια
	ΜΕΤΡΗΣΕΙΣ ΠΕΔΙΟΥ ΣΕ ΤΜΗΜΑ ΠΟΤΑΜΟΥ ΚΟΣΥΝΘΟΥ
	Μετρήσεις κατάντη διατομής του ποταμού Κοσύνθου
	ΜΕΤΡΗΣΕΙΣ ΠΟΤΑΜΟΥ - KATANTH (ΠΛΑΤΟΣ ΠΟΤΑΜΟΥ 21,90 μέτρα)
	«στριφνό θέμα» Συντελεστής διόρθωσης κινητικής ενέργειας, α
	«στριφνό θέμα» Συντελεστής διόρθωσης κινητικής ενέργειας, α (2)
	Slide 89
	Σε περίπτωση όπου έχουμε σημαντική διαφοροποίηση κατά πλάτος κα
	Slide 91
	Σύνθετη διατομή
	Συντελεστής διόρθωσης κινητικής ενέργειας Πρισματικοί αγωγοί, σ
	Στο HEC-RAS
	Εφαρμογή
	Slide 96
	Ποτάμι: φερτές ύλες
	Slide 98
	Slide 99
	Γενικό διάγραμμα υπολογισμού της γραμμής ενέργειας στους κλειστ
	Slide 101
	Γραμμή ενέργειας σε ένα αγωγό (χωρίς αντλία) (2)
	Παγίδα
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116

