Mnxaviouoi eCATTAWONG
PUTTWV

Baoiko epwTtnua:

[Tou Ba 1Tacsl o puTtrog, TTWG Ba
OUMTTEPIPEPDOEI;



[Mou Ba 1Tdel 0 PUTTOG, TTWG B
CUNTTEPIPEPDEI;

* Ti €idouc atTavTnon JTTOPEI va gival
IKAVOTTOINTIKA;

o TI TTPETTEI VA CEPW YIA VA ATTAVTACW AUTAV
TNV EPWTNON;



AVTIKEIMEVO CNUEPIVAG TTAPOUCIAONG

 MeTagopda d1aAupéEvou pUTTOU = O
ETTIONMOC OPOC YIa TNV €ATTAWON/Kivnon
TOU pUTTOU

* TpEIC unNXaviouoIl TTOU EUTTAEKOVTAI OTNV
£CATTAWON TOU PUTTOU OTO (UTTOYEIO) VEPO:
o1axuUon, HETAYWYynR, dl1aoTTOoPA.

« ECoikeiwon e ypapNUaATa ECIOWOEWV

METAPOPAGC
— TTo10 N €€apTNUEVN METABANTA;



AIAXY2H!

e e

~7:30 diappon puTrou, ~9:05 idla ouykEvTpwon
QVOUOIOUOPPN KATAVOUN pUTTOU TTAVTOU
pUTTavVOoNG — OIQPOPETIKN

OUYKEVTPWOT pUTTOU



Aildyuon

* MopIiakKo @aIvOUEVO
— O@eileTal oTNV TUXAIO Kivnon TwV JOpPiwV Tou
PUTTOU JECQA OTO OIGAUO
 MovTtéAo o€ uia didoTaon: TUXaiog
mmepitrato¢ (random walk)
— VIO KABe XpoVvIKO Bripa At, Eva uopIo PTToPEI
va KIvnNOei 0eCIa 1 aploTEPA KATA AX
— yia va doupe TI Kavouv 500 popia

— http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-
transport-processes-in-the-environment-fall-2008/lecture-notes/1-anim/



http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-transport-processes-in-the-environment-fall-2008/lecture-notes/1-anim/

Random Walk, 500

owuaTiola

Random walk of 500 particles : Ax =1, At =1
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1, At=1

Random walk of 500 particles : Ax

t=2
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Random walk of 500 particles : Ax

t=1
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Random walk of 500 particles : Ax =1, At =1

1, At=1
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Random walk of 500 particles : Ax
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Ti1 €idapue (oOuveExEla)

Random walk of 500 particles : Ax =1, At =1
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0 ouvAapTnon TG
TETPAYWVIKAG
pifac Tou Xpovou

Nepf, Heidi. 1.061 Transport Processes in the Environment, Fall 2008. (MIT OpenCourseWare,
http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-transport-processes-in-the-
environment-fall-2008)



Mnxaviouog diaxuong

« Kivnon KAaBe popiou: Tuxaia

* ADPOIOTIKO ATTOTEAEC A YIA TTOAAG POpPIA:
KIivnon atmo WNAEC OUYKEVTPWOEIC OE XAMNAEC
OUYKEVTPWOEIC

ATroTeAEouATA OIAXUONG

« ECammAwon Tn¢ padac Tou putTou
» Apaiwon (MEiwonN UWNAWY CUYKEVTPWOEWV)
— MeEiwan dl1aPOopPwWYV CUYKEVTPWANG



Alaxuon o€ Eva TToTRPI vEPO (1/4)

7:27 kaBapod vepod 7:29 diappon puTTou

10



Alaxuon o€ Eva TToTRPI VEPO (2/4)

7:29 7:30

11



Alaxuon o€ Eva TToTRPI vEPO (3/4)

7:35 7:45

12



Alaxuon o€ Eva TToTRPI VEPO (4/4)

8:37 o 9:06

Aidxuon (oTov aépa) otnv KaBnuepivr) dwr: To dpwua Tou dITTAavou, N HUpwdId
TOU @aynTouU TTou TTAEl OTA AGAAQ dwATIa atrd TNV Koudiva

13



[Moia n @UON TG OUCIOC OE AEPIO R
UdATIKO OIGAUNQ;

* [1poocoxn! N QuUOIKN KATAOoTAON OTEPED-UYPO-
QEPIO €ival Jia avaduopevn I010TNTA TTOU OEIXVEl
TNV OXEON AVAUECQA O OMOEION HOpIa KAl OXI
1010TNTA TOU KABE uopiou.

: ‘&'_:s-
{ / e &
7 ” N .:-.:-‘ i3 .

Neoka@é: TaiplaoTo
MOVTEAO yia diGAupa

EANNVIKOC KAPEC: ATUXEG
MOVTEAO yia diIGAUpa
14



METAT QI'H!

OTTWG MOG TTAEI TO VEPO TTOU KIVEITAI, YPRyopd...

https://commons.wikimedia.org/wiki/File:Rafting_26.JPG
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METAIMQIH! (ouveExeia)

https:https://commons.wikimedia.org/wiki/File:Rogue_ WSR_%2818947144518%29.jpg
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MeTaywyn

* Mnxaviko @aIivOUEVO
— H Kivnon Tou pUTTOU PE TNV JEON TAXUTNTO TOU
VEPOU
« AvaAoyid yia TNV JETAYWYN: HIA JTTAAC
TTOU TTEPTEI OTO TTOTAMI KAl TTOPOOCEPVETAI




To ATTOTEAEC O TNG METAYWYNG

* O puTToC KIvEiTAlI 0TV KATELBUVON TNC
KIvnong TOU UTTOYEIOU VEPOU

» Agv £XOUUE Apaiwan, 0 PUTTOC KIVEITAI WG
«TTAKETO», WC «OTEPEO TWHPA», AV N TAXUTNTA
EXEI TTAVTOU TNV 101 TIUN Kal TNV idla gopd
— oav va £xw PAaAel Ta yopla Tou pUTTOU TTAVW O€

uia oxedia

* [1poooxn! Teipapa YOVO UE PETAYWYI OTNV

TPACN OEV UTTOPEI VA ViVEl



AIAZTIOPA!

AvalntnoTe €Ikoveg yia rubber duck derby

19



[MTOAAG TTOTTAKIO §£K|vouv Madi...

https://commons.wikimedia.org/wiki/Category:Rubber_duck_races#/media/File:The_start of The Manchester Duck Race 2
014_at_Spinningfields, Manchester_in_aid_of_children%?27s_charity_Brainwave.jpg
20



... OAAQ TI YiVETOI OTOV OPONO;

http://mwww.greenvilledailyphoto.com/wp-content/uploads/2010/05/20100502_ducks_4 900x600.jpg

21



AlaoTTopd

 Mnxaviko @aIVOUEVO
— [poKeITal yia HETAYWYN O€ MIKPOKAIJOKA, TTOU
TTAPOAKOAOUBEI TIC DIAPOPEC TNGC TAXUTNTAC TOU
VEPOU aTTO onuEio o€ anueio (TTAnRPNS 6poc:
unxavikn dlaoTropq)

* AvaAoyia

— [ToAAG cwpaTidla TTEQPTOUV TNV I0IA OTIYUN O€
EVA TTOTAI




To ATTOTEAECHA TNC OIOCTTOPAG

Evw 1O KEVTPO BApOC TNC nAdag Tou pUTTOU KIVEITAI
UE TNV JEON TAXUTNTA TOU VEPOU, KATTOIO POPIa
KIVOUVTQI TTIO apyd, GAAQ TTIO ypriyopa

Ooo 1repvacl o xpovog, ol dIAPOoPEC HEYAAWVOUV
(OTTWC Kal oTn d1Adxuon)

1010 pada og peyaAUTEPN EKTAON — apaiwaon (OTTwG
Kal aTn diaxuaon)

AOYW TNG OMOIOTNTAC TWV ATTOTEAETUATWY TNG
dlaxuoNng Kal TNS dIa0TTOPAG, OTIG ECICWOEIC
LETAPOPAC TTEPIYPAPOVTAI UE EVAV KOIVO OPO



Epwtnon katavonong No 1

11:36 diappon pUTToU 11:36+ opoiopopPn
OUYKEVTPWON “o€ Xpovo dt”!

2 Ti 10 O€C TO KOUTOAQKI... S

[Mpoooxn! 2nuavTikr} dia@opd avapeoa oTnV Kivnon Tou vePOoU TTou
AVOKATEUOUHE JE KOUTOAGKI OTO TTOTHPI KOI OTNV Kivnor Tou UTTOYEIoU

VEPOU TO OTTOI0 OUVNBWC KIVEITAI TTOAU apyd Kal | por Tou €ival oTPpwTH. y



ATTOTEAEOHATA TPIWV MNXAVICHWY HAdi:
oTIvuIaia EKAuon palag otnv nyn (1/2)

Topview.U=1cmfs, D=2 cmzfs, t=1s
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Concentrations at A, Band C
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ATTOTEAECHOATA TPIWV MNXAVIOUMWYV MOCi:
oTiypiaia EKAuon padag otnv Tnyn (2/2)

http://ocw.mit.edu/courses/civil-and-environmental-engineering /1-061-
transport-processes-in-the-environment-fall-2008/lecture-notes/5-anim/

Topview:U=1cmfs, D=2 cmzls, t=250s C (ppt)
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http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-transport-processes-in-the-environment-fall-2008/lecture-notes/5-anim/

ATTOTEAECHOATA TPIWV MNXAVIOUMWYV MOCi:
TNYN oTa0EPNG CUYKEVTPWONG (1/2)

Topview:lJ=1cm/fs, D=2 cmzfs, t=1s C (ppt)
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ATTOTEAECOUATA TPIWV NNXAVICHWY HACi:
TNYN OTA0EPNG CUYKEVTPWONG (2/2)

* http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-
transport-processes-in-the-environment-fall-2008/lecture-notes/6-anim/

oT10Bepn oTa0EPOC

TaxuTnTa t=280s OUVTEAEOTAC
dlaxuongc-
dl1aoTToPAC

0 50 100 150 200 250 300 350
% {cm)

Concentrations at A, Band C
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14 T T T T
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http://ocw.mit.edu/courses/civil-and-environmental-engineering/1-061-transport-processes-in-the-environment-fall-2008/lecture-notes/6-anim/

Epwtnon katavonong No 2

* Nonriko Treipapa: TTwe Ba ATAV N €IKOVA TOU PBIVTEDO TNG
£CATTAWONG TOU PUTTOU OTNV TTPONYOUMEVN DIQ@PAVEIQ AV
Oev gixaue dlaxuon-O0la0TToPd; ZUUTTANPWOTE TO
YPA@PNUA CUYKEVTPWONG-XPOVOU YIa KABE Eva atro 1a
onueia A, B kai C.

2 UYKEVTPWON

Xpovog



Mol Oa ETTIAEYOTE VA TTEPIYPAWETE WG
TNV TTI0 CNUAVTIKN d1apopa oTo A;

Topview:U=1cm/s, D=2 cmzls, t=250s  cpy Topview:U=1cm/s, D=2 cmzls, t=250s c@py
100 15 100 3
¥ (cm) d ¥ (em) =
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oTIydIaia €KAuon TNy oTabepng
ualag otnv TTNYN OUYKEVTPWONG
(TTaPAdEIyUa;) (TTapadeiyua;)



2XETIKN CUMBOAN @AIVONEVWY, TThYR
oTa0epnNG oCUuyKEVTPpWONG (1/4)

http://hydrolab.illinois.edu/gw applets/

cekivw He TIC default TipEC, BAETTW TI yiveTal OTOV XPOVO O€
OUYKEKPIYEVN ATTOOTACN ATTO TNV TTNYN

Select Model and Boundary Conditions:

Dispersion Coefficient

DDDDDD

Boundary and Initial Conditions

Type of solution to be generated:

Fixed time at

Auto scaling

Fill Curves

CCCCCCCCCCCCCCCCC


http://hydrolab.illinois.edu/gw_applets/

2XETIKN CUMBOAN @AIVONEVWY, TThYR
oTa0EPNG CUYKEVTPWONG (2/4)

MEIWVW TOV OUVTEAEOTH) OIAxUoNG-OlaoTTopac kaTtd 10 popEq...

| hydrolab.illinois.edu/ gw_applets/gui/GULhtmI

Select Model and Boundary Conditions:

Continuous Inputin a Semi-Infinite Domain — ‘First-Type' Boundary Condition -
1

Dispersion Coefficient 0.05000
[] Retardation Factor 1.00

TO0.75
Pore water velocity 1.0000
Boundary and Initial Conditions
C(0ty [1.0000 tos
C{x,0) |0.0000
Type of solution to be generated:
® Fixed position at 10.0 T0.25
) Fixed time at 10.0
Mumber of points to compute 150

1 1

) Auto scaling [] show Data ?.'5 1'5 22:5 3;]
@ Manual scaling Multiple Curves Time
xortmax [30.0000 [] Fill Curves

xortmin: |0.0000

| Compute: | Clear Curves

Tutorial Time:

http://hydrolab.illinois.edu/qw applets/



http://hydrolab.illinois.edu/gw_applets/

2XETIKN CUMBOAN @AIVONEVWY, TThYR
oTa0EpNG CUYKEVTPWONG (3/4)

...MEIWVW TOV OUVTEAEDTN dlAaxXuonG-01a0TToPAC AAAEC 10 popEq...

| hydrelab.illinois.edu/gw_applets//gui/GULhtrml

Select Model and Boundary Conditions:

Continuous Input in a Semi-Infinite Domain — "First-Type” Boundary Condition

-1
Dispersion Coefficient 0.005000
Retardation Factor 1.00
i T0.75
Pore water velocity 1.0000
Boundary and Initial Conditions
C{0t) |1.0000 T0.5
C{x,0) |0.0000
Type of solution to be generated:
# Fixed position at 10.0 T0.25
Fixed time at 10.0
Mumber of points to compute 150
} t } }
Auto scaling Show Data 7.5 15 225 30
& Manual scaling ¥| Multiple Curves Time
xortmax [30.0000 Fill Curves
xortmin: |0.0000
Compute Clear Curves
Tutorial Time:

http://hydrolab.illinois.edu/qw applets/



http://hydrolab.illinois.edu/gw_applets/

2XETIKN CUMBOAN @AIVONEVWY, TThYR
oTa0EPNG CUYKEVTPWONG (4/4)

...MEIWVW TOV OUVTEAEDTN dlaxuong-01aoTTopAa¢g akopa 100 popéc...

| hydrolab.illinois.edu/gw_applets//gui/GULhtml

Select Model and Boundary Conditions:

Continuous Input in a Semi-Infinite Domain — First-Type' Boundary Condition -
T1
Dispersion Coefiicient 0.00005000)
["] Retardation Factor 1.00
T0.75
Pore water velocity 1.0000
Boundary and Initial Conditions
C(0,t) [1.0000 T05
C(x,0) |0.0000
Type of solution to be generated:
(@ Fixed position at 10.0 T0.25
) Fixed time at 10.0
MNumber of points to compute 150
1 1 1
_ Auto scaling [] Show Data 7_'5 1'5 22:5 3i]
@ Manual scaling Multiple Curves Time
xortmax [30.0000 [] Fill Curves

xortmin: |0.0000

| Compute | Clear Curves

Tutorial Time:

http://hydrolab.illinois.edu/qw applets/



http://hydrolab.illinois.edu/gw_applets/

T1 KOTAPEPA ME TNV KITPIVN KAUTTUAN;

http://hydrolab.illinois.edu/qw applets/

Select Model and Boundary Conditions:

Continuous Input in a Semi-Infinite Domain - ‘First-Type’ Boundary Condition -
T1
Dispersion Coefficient 0.00005000
[] Retardation Factor 1.00
T0.75
Pore water velocity 1.0000
Boundary and Initial Conditions
C(ot) [1.0000 T05
C(x,0) [0.0000
Type of solution to be generated:
(@) Fixed position at 10.0 T0.25
() Fixed time at 10.0
Mumber of points to compute 150
L L L
) Auto scaling [] show Data ?_:5 1:_5 22:5 3;]
® Manual scaling Multiple Curves Time
xortmax |30.0000 ] Fill Curves

xortmin: (0.0000

‘ Compute | Clear Curves |

Tutorial Time:

Na Kavw €va apiBunTIKO TTEipaPa HETAPOPAC UE OXEDOV
LMOVOAOIKO NNXAVIOUO METAPOPAC TN METAYWYN!

35


http://hydrolab.illinois.edu/gw_applets/

Etridpacn xpovou otnVv €C¢EAICN TOU
PAIVOUEVOU

KAUTTUAEG OUYKEVTPWONG O€ DIAPOPETIKEC ATTOOTACEIC ATTO TNV TTNYI

T
Dispersion Coefficient 0.75000 | 10m
[ ] Retardation Factor 1.00 !\
Pare water velocity 1.0000 T4 L
Boundary and Intial Conditions 50 m
c(ot) [1.0000 _-T_5
C(x,0) [0.0000 &
N~

Type of solution to be generated: 100m
® Fixed position at 250.0 .25
*) Fixed time at 10.0 - 250m
Mumber of points to compute 150 _ﬂ

g i i }
_) Auto scaling [] Show Data 75 150 225 300
® Manual scaling [+ Multiple Curves Time
¥ or t max '_300.-3000 [_]Fill Curves

xortmin: |0.0000

Compute Clear Curves |

Tutorial Time:

36



2UHUTTEPACHOTA VIO TNV ETTIOpAO
TNG PONG OTNV METAPOPA PUTTWV

* To METWTTO TOU PUTTOU (TTNYN OTOBEPNC
OUYKEVTPWONG) I TO KEVTPO PAPOC TNG padag Tou
puTToU (OTIyMIgia EKAuon padac & Tnyn
TTETTEPACMEVNC DIAPKEIAC) Oa KivnBei ue TN yEon
TAYXUTNTA Kivnong TOU VEPOU = PETAYWYN

* H peTaywyn OiVEl UIa IKAVOTTOINTIKN TTPOCEYYION TNG
LUETAPOPAC:

— Otav n ouuPBoArn TnG diIaxuong-0Ia0TTIOPAC ival PIKPN

— OTAV TO PAIVOMEVO TNG METAPOPAG TTOU EVOIAPEPEI APOopPA
UIKPEC ATTOOTACEIC - MIKPOUC XPOVOUG



[MNy&c oxnUATWV

2NMEIWON: TO BN TTPWTOYEVEG UAIKO QUTAG TNG TTapouciaong | £Xel avapTnOei oto d1adikTuo pe
adeia Creative Commons, 1 eival 51a0é01o oTo S1adiKTUO (TrX TTPAKTIKK TWV HIMA yia peAéTeg
KATT SNUOCIWY OPYAVIOHWYV) KAl MTTOPEI va XPNoIMOTToIN0Ei hE KATAAANAN ava@opd
(attribution), R cuvodeUeTal ATTd Ad<IA ATTO TOV EKOOTN.
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