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I1owog sipon ... :

Doctor of Philosophy (Ph.D.)
(Tupo HeprBorroviikng Xnukne Mnyovikng, Metantoyiokn Ioilvteyvikn Xyoan
[Tovemotnuiov Saitama. lommviog)

Master of Engineering (MLE.)
(opolmS PE TUPATAVD)

IItvyio Pvowki)g
(Dvowo Tuua Xyokn Ostikdv Emomuov, Apietotéieto Ilavemotyuo

(EGGUAOVIKNG)

Metantonokog Tithog Xmovowv ot Awoiknon Emyeaipnoeoov (MBA)
(Exvikn 'Eveoon Atotknone Emyeipncemv-EEAE)
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Ilov 00 pe EavaovvavtioeTe ...

e Xvotnuoata Biounyavikov Atepyaciov (6°
ecapnvo)

o IlepiPariovticry Mnyovikn (8° eEdunvo)

o ATA®UOTIKN EPYUGiO
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Thv 00 kavere poll pov 3T
(Teprypoen padnpatog)

EICAYOYIKES EVVOLEG

GTOTIKN TOV PELOTOV (TieoT, HETPTOT TEGTG, PEVGTA GE 1IGOPPOTIA, PEVGTA GE ENMTAYVVOT|, TEPIGTPOPT
PEVGTOV, AVMOT))

KIVILOTIKT KoL SUVOUIKT TV pELSTOV (1edio pong, pubpoi pong patag Kot 0ykov, £ion pofic, apyEs
drtnpnong naloc, opungs, Lokpookomikny eElowon evépyelog, eSlomaelg Bernoulli, kT

PON OGVUTIEGTOV PELGTMOV GE KAEIGTOVS Oy YoLS (GTp®TN, TVPPDOONG POT], TPMOTEVOVGES KOl OEVTEPEVOVGES
OTTOAELEG EVEPYELNG, YPOLUT EVEPYELONG KOL DOPOVAIKT] YPOLUY, CUPOVICUOG KOl GLVIVAGHOL Ay®mY®DV)

poT € avoLyTovS aymyovs (Yemuetpia kavaAldv, elowon Chezy, Manning, apiotn vopavAkn dtatoun,
EVEPYELDL PONG, VOPAVLAIKO GALLAL)

LETPNGELS GTN UNYOVIKT PELGTOV (LETPNTEG TAXVTNTAG, TECNC, TAPOYNS, 1EDOOVG)
LETOPOPA PELGTMV (AEPI®V, VYPDOV) LE AVIAES (YOPOKINPLOTIKA AVIALDV, GUVOEGELS)

Mn-Nevtavela pevotd (XopaKTnPIoTIKA Kot Kot yopiec un-Nevtavelimv peuet®v, AvIAncn)
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T Oa kavete pall pov eoes

(oKomOg nodNUOTOC) oo

EIGAYMYN TOV QOLITNTOV GTIC EVVOLEC

NG PONG PELGTMOV,

TOL 1EDO0VC,

™G migong,

™G AveoNg,

TOV OTOAELOV EVEPYELNG KATA TN POT KO TNG EPAPUOYNS TNG,

TV UN-NEVTOVELMV PEVGTOV KOl YOPUKTNPLOTIKAOV 1010TNTOV ToVS (Biéotpomia,
TAOGTIKOTNTO, KTA)

eCotkeimon Ue:

TIC LETPNOELS (AUESES KOl EUUETES) TOV OI0TNTOV TOV PEVCTOV,
T1 POT] ACVUTIECTOV PEVGTMV GE KAEIGTOVC AY®DYOLS UE OIOKAUODGELC,
/K01 GLVOLAGULOVE YYDV KO
T1 POT) GE OVOIKTOVC QY®@YOLS Y10 TNV EEAGPAALGT) EMAPKOVS
TOPOYETEVTIKOTNTOG,
OlTKOVOUIOG KOTOGKELTG,

TEPPOALOVTIKOV VTOAOYIGUMDV.
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Tv avapsv(m)etor va EEpeTe ... :

210 téA0¢ Tov uodnuotoc o1 poitntés Bo eival o Béon va.:

e Emilvovv mpofPAnuata oyeTikd LE:

TNV TECT] PEVOTOV, TIG OLVAUELS TOV AOKOVVTOL GE COUATU LEGA OE
PELOTO KOl GE KOTAGKEVEG GE EMOUPT| LLE PEVGTA, T POT) PEVGTAOV GE
KAEIGTOVC ay®YOVC, KOl TI POT] PEVGTMOV GE OVOIKTOVS Oy YOG,

e Avayvopilovv

Baocikd YopakTNPIoTIKA TG PONS PELOTOV (IEMOES, TTieo™, TayvTNTO,
TopoyN, KTA.), T0 €100¢ TNG PONG, KTA.

e FEopapuolovv

AOGELS OO oA TPOPANLLOTO LE Y®YOVC (TTOPOYETELTIKOTNTA, TOYVLTINTA,
OLLOKOPTIIGUO EVEPYELAC)

AlMNe-MnA Mnxavikj PeuoTtwv 6



Ao 0oynon PoLTNTOV

['pamtn e€€taon pe avorktd BiAio

AMNO-MMA

Mnxavikj PeuoTtwv
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AMNO-MMA

MinXaikn TwY pEVOTWY,
Kwbwkog BiAiou otov EUS0€0: 94645124
Ekboon: 5n £k6./2020

Zuyypadeic: AuAwvitng A., Aulwvitng 2.
ISBN: 978-618-5309-95-4

AwaB€tnc (EkdotNC): Tootpag ABavactog

Mnxaviki Peugtwy yta Mnxovikoug

Kw&ikag BiBAiou otov Evdoéo: 77106811
Ekboon: 12/2018

zuyypageic: Elger, Williams, Crowe, Roberson
ISBN: 978-960-418-764-5

AwaBgtng (Ekd0tNC): TQLoAa

Edbapuoouevn Mnxavikn Peuotwy
Kwdika¢ BiBAiou otov Evdofo: 50655953
Ekboan: 7" ekdoon

Zuyypadeic: Mott R.L., Untener J.A.

ISBN: 978-960-418-517-7

AwaBetng (Ekd0TNG): TTLOAX



A/A

Ogpotikn Evotnra Awdreing

Ewayoyka (Lovadeg Kot 0106TACELS, PEVOTA Kol 1010TNTES, 1EMOEG, EMUPAVELNKT] TAGT,
TaoM ATUOV, CUUTIEGTOTNTO, OTOLYEIN OEPLOSVVALIKNG)

2 1otk TOV pevotov I (oplopodg mieong, petafoin g mieons, HETPNON OTATIKNG
mieons, LAVOUETPA, ATHLOCOOLPIKY] TTiEoT, fapdueTpa),

3 Xratikn] TOV peueT®V I (VOpocTATIKEG SVVANEIS G EMITESN KO KAUTOAN EMUPAVELD GE
PEVOTO, AVMGT, PEVGTA GE EMTAYVVCT KO TEPIGTPOPY])

5 Kwnpotukn pevotov I (nedio pong, pébodor meprypaeng Lagrance ko Euler, pvBuoi
pong padag kat dykov, €101 pong)

6 Kwnpatikn pevotov Il (eSiowoeig Bernoulli ko Euler, apyr dwatipnong g pndaloc,
apyn Sl TPNGNG TG OPHNG, EQAPUOYEQ)

7 Kwnpatukn pevotov I (Oedpnpa petagopdc Reynolds, yevikn kot e101kég eElomaelg
NG EVEPYELNS, £PYO OMWAEUDV, EPUPLOYES)

8 Po1j 6¢ kAeloTOVG 0y@yovg I (pon og 0p1lovTIo Kot KEKAIUEVO KUKAIKO ay®yo, pom|
peTaSd TAPAAANA®V TAOKOV, ATOAEEG EVEPYELNG KATA TN pon, dudypappo Moody,
EPUPHOYEG HLE OY®YOUG)

9 Po1 6¢ KAeloTOVG 0y@yovg 1T (kiplec Kot 0EVTEPEVOVOEG ATMAEIEG, VOPUVAIKT YPOLUN,
CLP®VIGHOG, TKTLO Ay®YDV KOl ETAOYT] OVTALOG)

10 | Po1n o€ avorytodg aymyovg (yeouetpia kavolmv, EEilomoeig Chezy, Manning, apiot
VOPOVAIKT| SLUTOWT, EVEPYELD PONG, VOPAVAIKO GALLO, POT) GE CTEVMGT] 0Ly®mYOV)

11 | MeTpioeis ot PEVGTOUNYOVIKT (LETPNOELS TEONS, TAYVTNTOS, TAPOYNG, EDSOVG,
VREPYEIMOTEG)

12 | Metagopa pevotav — avtiieg (emrioyn avtiag, dvtinon vypov, £ion aviimy,
QLYOKEVTPIKEG AVTAIEG, CVUVOEST OVTAL®DV, PAIVOLEVO CTITNAAIWGNC)

13 | Mn Ngvtovero peuota (Kotnyopieg [ VELTOVEI®V PEVGTAOV, AVTANCT] U1 VELTOVELDV

PELGTMOV)

AlMNe-MnA Mnxavikj PeuoTtwv
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Epotocig - Anopieg ??

e 'Evapén otic 15.15

e Oy cuykekpluéva otoAAsipatol

e Oy ovuykexpuévn ANén

e Oyl ot pacopia

e Oy ot avtrypoen (ECETACELS)

e Noi GTIC O10KOTEC (EPMTNGELS)

e Noai otn cvupetoyn (oto naddnua)

e Amopiec — Epotoeic ?

AlMNe-MnA Mnxavikj PeuoTtwv
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Mo opaia wetopia ...

To mapakdTom KeipLevo apopa Lo
EPMOTNGOT TOL TEONKE o€ Lo CETAON
DVGIKNG GTO TAVETIGTHULO TNG
Komevyaync:

"IeprypayTte TOS HTOPOVUE VA
LETPTGOVUE TO VYOGS EVOS
0VPUVOSVOTI AP CLULOTOLOVTUS £V
BapopeTpo.

ANO-MMNA Mnxavikj PeuoTtwv




Evog govtntic amavinoe :

"Aévete €vo Lakpy GTdyko 6TO AAo TOV Bapopetpov, T0te KatePalete 0
Bapouetpo amd my wpawa oto £dapoc. To umcog TOV VIJLOLTOC GLV TO UNKOG TOV
Bapouérpov Ba eivar ico e To Vyog Tov kTipiov."”

Amﬁ n np(or()rmm omdvmcn, EKave EEM (ppsvd)v ToV €EETOOTY £TGL OGTE O POLTNTNG
KOTNKE apECOS. O POINTNG TPOGEPVYE GTIS UPYEG TOV TAVETIGTNLLIOV
Swuapwpoua\/og OTL M ATAVINGT] TOL NTOV AVAUEIPoAd GOGTN, KoL TO nowsmcsm Lo
OpIoE £EVaY OVECUPTNTO ECETAOTI VO SlepeVVNGEL TNV vrtdbeon. O drantntiig avTog
EKPLVE OTL 1 TTAVINGT NTAY TPAYHATL COGTY, OAAG OV EDEL(VE KALLA aSLoGHEI®T
yvoon ¢ euotkne. I'a va dtadevkavOel teleimg to Bua amopaciotnke va
KOAEGOVV TO GTOVOAGTH KOL VO, TOL APooVV £EL AETTA LEGO, GTOL OTTOL AVTOC EMPETE
Vo, dMGEL UL TPOPOPTKT QITAVTNON OV VA Oy Ve La EEOTKEIMOT LE TN PLOIKN
oKEY.

[ mévte Aentd avtdg Tapéueve olmAOS, Pubicuévoc oe okéyels. O eetaotnC Tov
BOce 011 0 ¥pOVOC TEAEIMVE, KOl O GTTOVOAOTNG AmdvTnGE OTL NON €lxe 6TO LLAAD
TOV OPKETEC GLVAPELC AMAVTNGELS AAAA OEV UTTOPOVGE VO ATOPAGIGEL TO10L VO
YPNOLOTOMCEL. XTNV TPOTPOTNT) VA BLacTEl, 0 GTOVOACTIC ATAVINGE MG EENG:

AlMNe-MnA Mnxavikj PeuoTtwv 12



OTAVINGE ...

" Kat' apynv umopeic va avePdoelg 1o BapdUeTpo otV KOPLET TOL 0VPOVOELOTT, Vo
TO QPNGELS VO TEGEL GTO OPOLO KOl VO LETPTCELS TO YPOVO OV KAVEL VO PTAGEL GTO
£6apoc. To Hyoc Tov kTipiov pumopel Tote vo Ppedet amd Tov Tomo h = gt2/2. AAAd
aApovo oto Bapoduerpo.”

"H av vdpyel nMoeavelo umopeic va LETPNoELS T0 VYOS Tov BapOUETPOL, VO TO
oTNGELS 0pO10 6TO £D0POC KO VO, LETPNGELS TO UNKOG TNC OKLAG TOL. No LETPTGELS
VOTEPA TO UNKOG TNG OKLAS TOL OVPAVOEVLGTY, Kot TEAOG LE amA] aplOunTikn
avoAroyio va BpElS To mpayuotikd VYog Tov ovpovoLHotn."

"AAMG av BELELS VO KAVELS U0 TPOYUOTIKG ETIGTIULOVIKT] 00VAELY, Oo LTtopovGeg va
OEGELC £VO, LIKPOD UNKOLS VIO 6TO BapOUETPO Kol VA, TO PAAELS GE TOAAVTIWOGT) GOV
EKKPEUEC, TPAOTO GTO £00(POC KL LUETE GTNV TOPATSA TOL ovpavolvotn. To vyoc Ha
UTOPOVGE TN GLVEYELD VO Ppebel LeTp®OVTOG KOl GLYKPIVOVTOS TIC VO TEPTOOOVS Ol
OTO1EC €lval avVTIETPOPMS OVALOYES TMV TETPAYOVIKAOV PLLAOV TOV EMTAYVVGEMV TNG
Bapvtnrog, oto £00p0g Kot 6To VYo Tov ovpavotvuotn. H emtdyvvon g Bapidtntog
e€optdTal Le T GEWPE TNC amd TO VYOS OTTO TNV ETLPAVELD TNG YNNG KOl GUVETMG
yvopilovtac v enttdyvven e Papdtnrog otnv Tapdtca Bpickovie o Vyog."

AlMNe-MnA Mnxavikj PeuoTtwv 13



OTAVINGE ...

4,

"H av 0 ovpavo&dotng dwabétet o e€mtepikn okdia Kivovvoo Ba ftav
EVKOAOTEPO VO avePES TN oKAA0 Kat VoL PAAELG OL000YIKE GTIHLAOLO!
8navakauﬁavovrag T0 UNKOoG 1oL Papduetpov. Metd va tpochécelg O,
aLTA TO, UK.

" AV amA®C Baptocow Kot NOEAEC vaL PN GILOTONCELS TO Bapouarpo LLE
0pB06080 TpOTO, HTOPOVGES VL HETPNGELS TNV ATLOGOULPIKT) TEST) GTNV
TOPATOO KOL OTO £6000G KO va LETATPEYELG TNV Ol0popd TV milibars cg
avtioToym swpopd oe pétpa."”

"AALG EMELON OC POTNTEC CLVEY MG TAPOTPLVOLOUCTE VO AOCKOVUE TNV
avVeSAPTNGiO TOV HVOAOY Kat VoL EQapUOCOVLE ETIOTNUOVIKES HEDOOOVG,
avougipora o kKoADTEPOG TPOTOG Ha TV, VOL YTUTNGOVUE TNV TOPTA TOV
Bupwpo? kot va Tov TodpE: “Av Ba cov Gpece va £xELS Eva wpaio
KOvovp10 Bapoperpo Ba Gov yapicm avTd oV LoV TTES TO VYOS TOV

ovpavoEvoTn’.

AlMNe-MnA Mnxavikj PeuoTtwv 14



O onovouct)g avtog fftav o Niels
Bohr o povog Aavog mov KEPOLGE TO
Bpapeto Nobel g Pvowkiic.

AlMNe-MnA ivinxaviki PeuoTtwv 15
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AMNO-MMA

Oépa

Meprypoen - Exeéiynon

Movadeg

2V TANPOG AVETTLYUEVT POT} PEVGTOD HEGH GE KAEIGTO aymyd 1) SL0TUNTIKY TAGT] TOL
TOLYMUATOC:
o) avéavetat otabepd KaTd UNKog TG Pong
B) ehattdveton otabepd KaTd HHKOG TG PONG
V) LEOUELDVETAUL OVALOYQ LLE TO EI00G TNG PONG KO TO VALIKO TOV TOYOUATOV TOV 0y®YOoL
8) mapapéverl otabepn

H Bértiom vépoviiky Statopn Yo OpHoldpopen por| o€ aywyo Tpameloeldovg Stotoung He TAATOG
moduéva b ko fabog pong h, epeaviCeton 6tav :
a) h=0,86b, B) h=b, v) h=b/2, 8) h=2b

Ymoloyiote T GYETIKT TiEGT TOVL
aépa ot de&apevn

1,=40cm, 1,=100cm, 15=80cm : v
"{Hzo:98 10 N/'m? —
Sei=0,8
Yie=133000 N/m® oil

2=9,81 m/s? —

_@

Mercury

To petarlixd avtikeipevo 2 [ ® 25mm ]
Kkpépetot amd £va koppdtt ELAOVL / l
(oxetkd €116 Bapog 0,3) mov v 7 f

emmhéet o€ vepd (y=9800 N/m?). = ¥ 10 mm

To &bLo éxet dootdoelg 50x50x10
mm Kot T0 HETOAAKO OVTUKEILEVO
£yel dyko 6660 mm?. ©) 1,0. 15°C

L/
IIpocdiopicte ™ palo tov 4
UETOAMKOD OVTIKEHEVOL. /

(2=9,81 m/s?)

Nepod péet oe aywyo opboywvikng datopng pe taydtnta 20 m/s. To Babog ponig eivar 50 cm.
Hoapepparretar Eva eumddto otov TOpEVa Kot TpOoKaAEITOL VIPULAIKO AALLAL.

a) IToro givan to véo Babog ponig, B) mdom eivar 1 TaydTNTO PONiG LETA TO GALLA, Y) TTOLO ELVaL TO
Vyog anmAetdv. (g=9,81 m/s?)

Mnxavik PeuoTwv
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E@appoysg peuotopnyavikng ot

(Agpo)vaomnykn

ANO-MMNA Mnxavikj PeuoTtwv 18



EQappoysc pevstopnyavikng

Bro-unyoavikn / latpikn

Doppler sound
(cholesterol plaque)

Carotid Artery

Jugular Vein
Cephalic Vein
Pulmonary Arteries
Axillary Artery and Vein and Veins
Superior Vena Cava

Ascending Aorta

Pulmonary Trunk

Celiac Artery

Coronary angiogram
(atherosclerotic
plaque)

Renal Artery Coronary Arteries

and Vein —£ .
i Common lliac
Superior 14/ Artery and Vein
Mesenteric Artery 775

Internal lliac

Portal Vein Artery and Vein

Radial Artery &
and Vein

Ulnar Artery
and Vein

External lliac
Artery and Vein

Great
Saphenous
Vein
Femoral Artery
and Vein

Popliteal Artery

Inferior
Vena Cava

Abdominal
Aorta

and Vein
Ult(f:::;ﬁd :":;399 ———— Anterior Tibial
rys Artery
Wi Posterior Tibial
Pe | Artery Artery
Tibial Vein

Mnxavikj PeuoTtwv 19



E@appoyég peootounyovikig oo

Mopayoyn evépyarag

AMNO-MMA 20



E@upuoy£s pevotounyovikng oo

I'ewAioyio

AMNO-MMA 21



E@appoyég peootounyovikig oo

Y OpOavAlKN TOTUU®OV-Y OPUVAIKES KOTUOGKEVES

AMNO-MMA




E@upuoy£s pevotounyovikng

Metempoioyia

AMNO-MMA

Mnxavik PeuoTwv
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E(papuoyég PEVCTOUNYOVIKNG

New York City's
Water Supply System
Avarye
/ 4 OTSEGO
i COUNTY / .. ALBANY RENSSELAER
CHENANGO { s COUNTY COUNTY
COUNTY Creores =
Catskill/Delaware”’
Watersheds 4 13
___ K
4 il g
f g
*’M =
P Reewevoic | !
Deposital
DUTCHESS
COUNTY =
£
g
8
" SULLIVAN
Y county Croton
Watershed

i
® e/
oﬁf
*
l PENNSYLVANIA
"6"“\
P 3
D=ZP
St
[ Catskill / Delaware Watershed Area

[ ] Croton Watershed Area
I Rivers and Reservoirs
e Cattskill Aqueduct and Tunnels
Croton Aqueduct
=== Delaware Aqueduct and Tunnels
County Borders
State Borders

e WWW.NYC.EOV /00D

AMNO-MMA

Mnxavik PeuoTwv
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Aerodynamics of Golf o

Smooth Dimpled

-
- -
i
-
-
_—
- - -
- -

Effect of spin Wind tunnel test

{

.
A -

- -
- -

AlMNe-MnA Mnxavikj PeuoTtwv 26




Aerodynamics of Golf -

e Dimples reduce drag due to the low pressure
wake 1n front of the golf ball.

T T T T T T T 1

Spin Rate = 3,000 rpm

LS =

3 04 s % B B g S S S RS EE BN EE RS EE S AEEEE SRS EEE e e —
QO

o

o e ¢ c c e B e e e s edoccccdoecscmedoccsssdoecsnsssdoss feclcccccsslaccscs alasass —-—
S 03

=

o

S 02 fpreeierreetee e T

p——
.
.
.
.

-
.
.
.
.
.

-
.
.
g
.

-
.
.
.
1
.

v
.
g

O
o

ANO-MMA 50 70 S0 110 130 150 170 180 210 230 250 27
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AYOVIGTIKT] QUTOKLIVIION H

Lift and Downforce From Over Body Flow

Lift Dogafo:cef f f T T T T
t 1

Spoiler Rear spoiler creates a high pressure area
that "pushes” down on rear of car

AMNO-MMA 28




H pevotounyavikn givar opopen

ANO-MMNA Mnxavikj PeuoTtwv 29



H pevotounyavikn ivat (Kot) téyvn | ¢

The great wave
Ukiyo-e by Hokusai

Starry night by van Gogh

AlMNe-MnA Mnxavikj PeuoTtwv 30



M£0ooo0r entAvong Tpopfinuatmv
Peuotounyovikng

o Avaivtiky Pevotounyaviky - Analytical Fluid Dynamics (AFD)
MoaOnuatikn avaivon pe akpiPeic n/kotl Kot eKTiunon AVGELC

(To padnua pog)

o Ymoloyiotiky Pevorounyaviky - Computational Fluid Dynamics (CFD)

Ap1Ountikn Avon e€lomoemv oV TEPLYPAPOLY Eva TPOPANUA

o Ilcipauarixy Pevorounyoviky - Experimental Fluid Dynamics (EFD)

[Tapatnpnon kot ardKTn o™ dE00UEVHOV

AlMNe-MnA Mnxavikj PeuoTtwv

31



Avaivtikn Pevetopnyavikn o

[16c0 ypnyopa Ttaclogvel £va, tsunami og OdAacoa pe peydio Baon
EcCioawoeic Navier-Stokes yio aovumicotn pon
ouU 1 2
I popirec kouotikee eC100eEIS Yo GTPIPN, UN TEPITTPEPOUEVH POT]
v2(f) =0.U=Vo
2 =0onz=-h

D
@ I [ole) L
ate T _g/)z onz =0

Llpoaéyyion ya l/h >> 1

c = /ftanhkh = ¢ = \/gh
[Na g = 32.2 ft/s? ka1t h=10000 ft, c=567 ft/s = 387 miles/hr

AMNO-MMA Mnxavik PeuoTwv 32



-10°

15" -

2004 Sumatra Earthquake 010 min

Ynroloyiotikn Pevostounyavikn

Animation by Vasily V. Titov, Tsunami
Inundation Mapping Efforts, NOAA/PMEL

vvvvvvvvv YT T

80" g0°

vvvvvvvv

Y

vvvvvvvvv

® Y& oY£0M UE TIC AVOAVTIKEG

nebdoove mov Tapdyovv
TKOVOTONTIKES ADGELC Yo
ATTAEC YEDUETPIEC KL
GUUTEPIPOPEC (TT.Y. KOUATO,
oe pNYa vepa), N
VTTOAOYIGTIKY|
PELVCTOUNYOVIKT] TTAPEYEL
epyoieia yio TV emilvon
TPOPANUATOV [N YPOUHIIKNG
(QLGIKTNG KOl TOAVTAOK)
GUUTEPLPOPA

33



IHewpoapatikny Pevotounyovik 34

e Oregon State University
Epyactpro Kvpatikng

el i 0 _’n-. "‘n-a

MM-‘-\-:)‘..&“ R s o S AT h

e et ._. ~ e Eykatactdocelg yio,
' TEPOUATO KATUOKOGC
(Model-scale)

e Kvouatiopoi Tsunami

o Meydiol KopaTiGpol

- e H Awctortikn avaivon oto

4 : GYEOLUCLO TTEPAUATOV
KAMLOKOC TOV

i CVOTOPIGTOVV T PLOIK)

TOV TPOYUOTIKDOV

TEPOAUATOV

TWV 34



DART Mooriqngystrerm

. . . -
'\ — ‘{-‘ ﬂl' WA

AMNO-MMA

GOES
Satellite
GOES Antenna
(2 each)
M GPS Antenna
ea
Optional Sensors 23 £="_ RF Antenna
- Wind i
- Barometric Preesure§ =
- Seasurface Temp & | M 1 ®
Conductivity | -
- Alr Temperature/ ¥ pascE=y|
Relative Humidity )i |11 Master Control Unit
RS " [~ 2.5 m Disk Buoy
_&IWQmmm t
w . -
1.8m
Transducers _l_
(2 each)
Signal flag 1" Chain (3.5 m)
Acouslic Swivel
) L oyt 1" Nylon ®
AL - 4§ ~_ GlassBall F
Flotation 7/8" Nylon
~ 6000 m
1/2* Polyester d
~ 75m
3/4" Nylon o
Transducer
. & _ Acoustic Release
cPU A 12 \
. - Bottom Pressure Recorder, 2T Chain (Sm) =
Sensor . Anchor 6850 Ibs,

Mnxavikj PeuoTtwv

[Tewpdpoto mediov N
TEPALLATO, TTAT)POVC
KAMpouKog

ATOKTINGON 0E00UEVMV
Y10 TPOELOOTOINGN
QalvOUEV®V tsunami

DART: Deep-ocean
Assessment and
Reporting of Tsunamis
AlcOntmpec: Xoinvog
Bourdon yio pétpnon
VOPOCTATIKNG TiEONG
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Fluid Mechanics Overview

oFluid eMechanics

A/\*u

eAir, He, Ar, N,, etc.

eCompressibility eDensity eViscosity

eVapor Pressure

|

eGas ids eStatics eDynamics
i.e. Flows
> E=0 3 >0
eWater, Oils eStability
Alcohols, etc. ePressure *Buoyancy eCompressible/
elncompressible
oSurface eLaminar/
Tension eTurbulent

eSteady/Unsteady

eViscous/Inviscid




AL0OTAGELS KL LOVAOES :

OcueAlmon neyEon:
e Mnkoc, L
e MdCa, M
e Xpovog, T

TY. U :%

= % =L'M°T™'(1,0,-1)

Xpnon SI, moAhoamAdcia / vToroAlaTAdCIO
(K.M,G, T / m,u,n,p)

AMNO-MMA Mnxavik PeuoTwv 37



0000
o000
e00
, , o0
XVOTNUOTO HOVIOMYV .
CGS FPS SI Bpettavikod ApEPIKAVIKO
Mnkog cm ft m ft ft
Xpovog S S S S S
Mala g Ib kg slug*® Ib,
Avvopun Abvn* poundal* Newton(N)* Ib-Bapovg 1b¢
Evépyewn erg, Joule, ft poundal Joule(J) Btu Btu
cal (ft)(1b) n (HP) (h)
(ft)(Iby)
Oeppokpoocio K, °C R, °F K, °C R, °F °R, °F

* Movaoo mov mpoxdrtel amo Ti¢ PooikéS povaoes. OAES 01 LUOVBOES EVEPYELOS TPOKDTTOVY OO
116 pooixés uovaoes (Himmelblau, 1986)

AlMNe-MnA Mnxavikj PeuoTtwv 38



(Y X )
o000
Y XX
00
o0
r r | 4 | 4 r .
Movaoeg Tov cvoTRETOS SI TOV £Y0VV ELOIKES OVOUAGLES
Avdotoon Ovopaocia Xoupoiro AvTioToyia
Xuyvotnto hertz Hz 1Hz =15"
Advaun newton N I N =1 kgm/s®
Ilieon pascal Pa 1Pa  =1N/m’
‘Epyo, Ogpuotmmra, joule J 1] =1Nm
Ioybg watt W IW =11J/s
HAextpukd poptio coulomb C 1C =1A.s
HAextpikd duvapikod volt \Y 1V =1J/C
HAextpikn) yopnrikodTnTo farad F 1 F =1C/V
HAextpikn avtiotaon ohm Q 1 Q =1V/A
HAextpuc ayoyiuommra siemens S 1S =1Q"

AMNO-MMA

Mnxavik PeuoTwv
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o00
o0
ALLES HOVAOES TOV GVGTNUATOS ST TOV 0LV £Y0VV EL0IKES -
OVONLOGLES
AvdoToon Movadeg Youpfoia
Emoeavew, TETPUYOVIKE LETPOL m’
Oyxog KuPkd pétpa m’
Toayvnto, LETPO VAL OEVTEPOAETTTO m/s
Emtdyvvon HETPOL AV SEVTEPOLETTO m/s’”
E1d1k6¢ 0yKog KUBKE péETpa ava YIAMOYPOLLLLO m’/kg
[Tukvotnta, 101K Pépog YIMOY PO oV KUPIKO LETPO kg/m’
OepuUtkn Ay@YILOTNTO Watt ava pétpo xat fabuo Kelvin W/mK
YUVTEAEGTNC UETAPOPAS Watt ava tetpayoviko pHETPO Kat W/m K
Oepponrog BaBuo Kelvin
Ewd1kn evépyeia Joule avd yimoypaupo J/kg
Ewd1kn Bepuotmta Joule avd ymoypaupo kot Badud J/kgK
Kelvin

AMNO-MMA

Mnxavik PeuoTwv
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AVTIGTOLY161] TNS KOVOVIKTS OTROGQULPUS

Movaoo, AvtieToiyion
aTHoOcQaLpo (atm) 1.000

mooa vepov (ft H,O) 33.91

Ibf avé tetpayovikn ivioa (psia) 14.696

ivtoeg vopapyvpov (in Hg) 29.92
X1A1061a4 vopapyvpov (mm Hg) 760.0
Newton avé tetpayovikd pétpo (N/m’) 1.013x 10°

AlMNe-MnA Mnxavikj PeuoTtwv 41



AL0OTAGELS KL LOVAOES :

1. Na Bpebovv ot dtacTtdoelg TS opuUnG:

[J]=[mu]= {M H =I'M'T™ =(1,1,-1)

2. H o0voun avtiotaong mov aoKEITOlL GE COUN LECH GE PELOTO TOL PEEL Elvat:

|

Noa vToA0Y16TOUV 01 LOVAdES Kot Ot dtactdcelg g Cy

L3
2
e/ ]=| = || :M}: L =M% = 000)
pu-A m u A L
—u A L
Vo Wi

AlMNe-MnA Mnxavikj PeuoTtwv 42



TUTTOI YIO HETATPOTTEG MOVADO WYV

AMNO-MMA

Name, Symbol, Dimensions

Length

Speed

Mass

Density

Force

Pressure, shear
stress

Volume

Volume flow
rate (discharge)

Mass flow rate

Energy and
work

Power

Angular speed
Viscosity

Kinematic
viscosity

Temperature

L L
Vv LIT
m M
o M/L?
F ML/T?
P M/LT?
v L’
Q LT
m MIT

E W MILYT?

BEW = MLYT?
® T!
MJ/LT
v LT
T Q)

0000
( X X N
Conversion Formula . o0
o0
1m = 3.281 ft = 1.094 yd = 39.37 in = km/1000 = 10° wm ()

1ft = 0.3048 m = 12 in = mile/5280 = km/3281
1 mm = m/1000 = in/25.4 = 39.37 mil = 1000 pm = 107A

1 m/s = 3.600 km/hr = 3.281 ft/s = 2.237 mph = 1.944 knots
1 ft/s = 0.3048 m/s = 0.6818 mph = 1.097 km/hr = 0.5925 knots

1kg = 2.205 Ibm = 1000 g = slug/14.59 = (metric ton or tonne or Mg)/1000
11bm = Ibf-s/(32.17 ft) = kg/2.205 = slug/32.17 = 453.6 g
= 16 oz = 7000 grains = short ton/2000 = metric ton (tonne)/2205

1000 kg/m® = 62.43 Ibm/ft’> = 1.940 slug/ft> = 8.345 Ibm/gal (US)

11bf = 4.448 N = 32.17 Ibm-ft/s*

1N = kg'm/s? = 0.2248 Ibf = 10° dyne

1 Pa = N/m* = kg/m-s* = 10~ bar = 1.450 X 107 Ibf/in? = inch H,0/249.1
= 0.007501 torr = 10.00 dyne/cm?

1atm = 101.3 kPa = 2116 psf = 1.013 bar = 14.70 Ibf/in* = 33.90 ft of water

= 29.92 in of mercury = 10.33 m of water = 760 mm of mercury = 760 torr
1 psi = atm/14.70 = 6.895 kPa = 27.68 in H,0 = 51.71 torr

1 m® = 35.31 ft* = 1000 L = 264.2 U.S. gal

1t = 0.02832 m’ = 28.32 L = 7.481 U.S. gal = acre-ft/43,560

1 US. gal = 231 in® = barrel (petroleum)/42 = 4 U.S. quarts = 8 U.S. pints
= 3.785L = 0.003785 m’

1 m?/s = 35.31 ft*/s = 2119 cfm = 264.2 gal (US)/s = 15850 gal (US)/m
1cfs = 1 ft*/s = 28.32 L/s = 7.481 gal (US)/s = 448.8 gal (US)/m

1kg/s = 2.205 Ibm/s = 0.06852 slug/s
1] = kg'm%s* = N-m = W-s = volt-coulomb = 0.7376 ft-1bf
=9.478 X 107* Btu = 0.2388 cal = 0.0002388 Cal = 107 erg = kWh/3.600 X 10°

1W =]J/s = N'm/s = kg'm®/s’ = 1.341 X 10~ hp
= 0.7376 ft-1bf/s = 1.0 volt-ampere = 0.2388 cal/s = 9.478 X 10~* Btu/s
1 hp = 0.7457 kW = 550 ft-Ibf/s = 33,000 ft-Ibf/min = 2544 Btu/h

1.0 rad/s = 9.549 rpm = 0.1591 rev/s
1Pa‘s = kg/m+s = N-s/m” = 10 poise = 0.02089 Ibf-s/ft’ = 0.6720 lbm/ft-s
1 m%/s = 10.76 ft*/s = 10° cSt

K = °C + 273.15 = °R/1.8

°C = (°F-32)/1.8 43
°R = °F + 459.67 = 1.8K

°F = 1.8°C + 32



ETLPAVEL

Pevota kot IowotnTeg

e Tdon (epeAKVLOTIKY], CUUTIECTIKT)], OLOITUNTIKY)) 7= lim
AA—SA AA

. AF
e [licon P= ALl_I};A AA

Pgvot10: 00610 TOV TOPUUOPPAOVETUL GVVEYMS VTO TNV EXLOPAGT] OLATUNTIKIS TAONG.
Y. VYPA (Kafopropévo 0yKo, petafinto oyqua), aépra (U Koe0opiopuévo 0YKo Kol
GYNNQ)

IMPOXOXH: kG0g pevoTO 6€ LGOPPOTLH. OEV OEYETAL OLUTUNTIKY TAON.

AlMNe-MnA Mnxavikj PeuoTtwv 44



Pevota kot IowotnTeg

M creveyic
TE Lo

FuvEYNc

STEQLYEY] DEVOTOU

Mo evOlaQpEPEL N LOKPOGKOTIKT] GLUTEPIPOPE Kol Ol 1| LIKPOCKOTIKT 0VAALGT).

Emouévag, 0o ta Bempovue cuveyr], OnNAadn OLOOUOPPA KATAVEUNLEVO GE OAN TNV

£KTOGN TOVG.

o IowotnTeg Am
e [Tvkvotnta: pala ava povada oykov O = Nl/imW A_V
%
o 1 VvV
e Edwog dykog (mi/kg) v=—=—
p m
e E1dwo Bapoc (N/m?) YV = pg
4 /4 m
® X)ETIKN TUKVOTNTO, §=—"=> P =50 H,0
My o

AlMNe-MnA Mnxavikj PeuoTtwv
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2OYKPLoT XTEPEQOV, YYPOV, AgplmV

Attribute

Typical Visualization

Description

Mobility of
Molecules

Typical Density

Molecular Spacing

Effect of Shear
Stress

Effect of Normal
Stress

Viscosity

Compressibility

Solid

Solids hold their shape; no
need for a container

Molecules have low mobility
because they are bound in a
structure by strong
intermolecular forces

Often high; e.g., the density of
steel is 7700 kg/m’

Small—molecules are close
together

Produces deformation

Produces deformation that may
associate with volume change;
can cause failure

NA

Difficult to compress;
bulk modulus of steel is
160 X 10° Pa

Liquid

Liquids take the shape of the
container and will stay in an
open container

Molecules move around freely
even though there are strong
intermolecular forces between
the molecules

Medium; e.g., the density of
water is 1000 kg/m’

Small—molecules are held close
together by intermolecular
forces

Produces flow

Produces deformation associated
with volume change

High; decreases as temperature
increases

Difficult to compress; bulk
modulus of liquid water is
2.2 X 10° Pa

000
0000
o000
Gas ®066
o0
o
» OEQ
|
2 - 9
Nz )
Gases expand to fill a closed

container

Molecules move around freely
with little interaction except
during collisions; this is why
gases expand to fill their
container

Small; e.g., the density of air at
sea level is 1.2 kg/m’

Large—on average, molecules
are far apart

Produces flow

Produces deformation associated
with volume change

Low; increases as temperature
increases

Easy to compress; bulk modulus
of a gas at room conditions is 46
about 1.0 X 10° Pa



Hapaderypa 1.3

H murvorra mueeg ovoiag eivar 2800 kg/m®. Na poeBovv: ) H ayetixn g murvo-
e, ) 0 ELDLROS GyrOC ZOL YY) TO ELDLRO THE PApog oTIg Dleg ouvihjxec,

Avon
o) Ano v egiomon (1.7) €govue:
o _ 2800 _

= 2.8
op,0 1000
b} Axd v eEioman (1.5) mpoxtmtel:
1 1
et 357x 104 m3
V== 2800 357% 10" m-/kg

1) Tehog amo mv eElomon (1.6) €yovpe:
y = 0g = 2800 x 9,8 = 27440 N/n’

ANO-MMNA Mnxavikj PeuoTtwv

47



Hooaderypa 1.4

Ty empavere.A=0,01 m? pevotol aoxeital opotdpoogpa dtvaun F=200 N, mou

ayMuaTiCel yovice 607 pe v zdBet oty emgdvewe A, No vmoioyoboly 1 mieon

AOL 1) SLOTUTLAT TAOT) TOU AOAOUVTOL OT0 DEVOTO.

Avion

H dtvaun aoreltol opoonooqa oto Vot HET T OTEREN S emupavelas A. Ou

OUVILOTOOES TS dUVOLUNg eV
F_=Fsin60°=200x 1/2 = 100 N

Fn=Fcos60°= zmx%= 100V3 N

"Erou ) migomn wow 1 duatpytian taon divovool o

p=19993 _ 15000 y3 N, £= 100 _ 10000 N
0,01 m> 0.01 m2

AF’

S

7= lim
AA—SA A A

ANO-MMNA Mnxavikj PeuoTtwv
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ISmoeg, p

e M<étpo g ecMTEPIKNG TPIPNC TOV pELGTOV, HEYEDOC OVTIOTAGNS TOL PEVGTOD KAT®

and cvvOnkeg ddTunong.

e [loom evépyeta yaveton Katd T por) pELGTOD GE AYMYOVC, GTOULO KO KAVAALQL.

AY

»
X

() cwpatiown 2

du(y) Nopog Nevtovo yio o iEddeg
dy  (novadeg N-s/m*>=Pa-s)

AlMNe-MnA Mnxavikj PeuoTtwv

Avico, d10oTNUATO 6 {GOVE
YPOVOLG AOY® ECOTEPIKNG
TPIPNG, OMA. 1EDOEC

Newtonian

non=-Mewtonian

dufdy



Newtonian - Non-Newtonian :°

P 1 Toothpaste
Bingham plastic ¢ Latex
Paint
o
é Shear thinning —=
oo
s
7
[ Corn
Starch
Shear thickening

, . du
Rate of shearing strain, dy

ANO-MMNA Mnxavikj PeuoTtwv 50



viscosity viscosity

I 4 [Pa-s] [cP]

Ig(!)ﬁgg, l’l‘ liquid nitrogen @ 77K 1.58x 10" 0.158
acetone* 3.06x 10 0.306
methanol* 544 %10 " 0.544
benzene* 6.04 x 10 * 0.604
blood 3todx10 P 1,377
water 8.94x 10" 0.894
ethanol* 1.074 x 10 1.074
mercury* 1.526 x 10" 1.526
nitrobenzene* 1.863 x 10" 1.863
propanol* 1.945 x 10 1.945
Ethylene glycol 1.61x 10" 16.1
sulfuric acid* 242%10° 24.2
olive oil 081 81
glycerol 1.5 1500
castor oil* 985 985
corn syrup* 1.3806 1380.6
HFO-380 2.022 2022
pitch 2.3 % 10° 2.3 % 10"

AMNe-MMNA Mnxavik PeuoTwv


http://en.wikipedia.org/wiki/Liquid_nitrogen
http://en.wikipedia.org/wiki/Acetone
http://en.wikipedia.org/wiki/Methanol
http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Mercury_(element)
http://en.wikipedia.org/wiki/Nitrobenzene
http://en.wikipedia.org/wiki/Propan-1-ol
http://en.wikipedia.org/wiki/Ethylene_glycol
http://en.wikipedia.org/wiki/Sulfuric_acid
http://en.wikipedia.org/wiki/Olive_oil
http://en.wikipedia.org/wiki/Glycerol
http://en.wikipedia.org/wiki/Castor_bean
http://en.wikipedia.org/wiki/Corn_syrup
http://en.wikipedia.org/wiki/Fuel_oil
http://en.wikipedia.org/wiki/Pitch_(resin)

0000
A o000
ICoooneTpa °cs
[ X ]
o
[ Meter ] | T fl]i
S >
{ Drive motor J ~. il |
i bl | Fluid
| »‘ il AT sample
] | B Flui Ll
uid
e / sample | Falling
e ball
Ay — <— | Stationary
e cup

(a) Sketch of system components
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IE00£S 6T VYPA KO 6TA UEPLA :

To 1Emoec opeiretar:

® OTIC OLVALELS cLVOYNC (1oYVPES oTaL VYPA, acOeveic oTa aépia)

e 070 pLOUO HETAPOPEC LOPLOKNG OPUNC OO EVOL GTPMOLL TOV PEVGTOD GTO
GALO (m.y.: Ta Paryovia, akivnto/ KtvoOUEVO)

A

Me v avénon g Oeppokpaciog: B

® cAATTMON OLVAUE®Y GLVOYNG —> sAdTTOOoN 1EMoovs (YI'PA)
e VOENGOT UETAPOPAS LOPLOKTC OpUNS —> avénomn Emoovs (AEPIA)

Kuwnupatiko moeg 1 = H (Lovdadeg: m?/s)
yo,

AlMNe-MnA Mnxavikj PeuoTtwv 53



AiarunTikr| T@on,T

ISmoseg,

AMNO-MMA

AAAI (60 °F)

NEPO (60 °F)

NEPO (100 °F)

AEPAS (60 °F)

AuvopLkd TEMSEC uN - s/m?

PLUBPOG SLXTUNTLKAG TpoOTNG, au

ay

Mnxavik PeuoTwv

NEPO

AEpPOC

1x10%

Ydpoyovo

-20

0

20 40 60 80 100 120
Ogpuokpaoia, °c
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MpoBAnua 2.35 0ces

o000
Situation: 000
Sliding plate viscometer is used to measure fluid viscosity. 0
A =50 x 100mm, Ay = 1 mm. e
u=10m/s, F = 3N. oz 100 mm .
P 7
Find: I -
Viscosity of the fluid. | / 50 mM /% -
Assumptions: Tmm .l / .
Linear velocity distribution. f MPOBAHMA 2.35
1. Calculate shear force
_ Force
T T Area
;o 3N
~ 50mm X 100 mm
T = 600N/ m?
2. Find viscosity
T
)
dy
B 600 N/ m? o 1m
# = T0m/s)/[Imm] ~ 1000 mm

ANG-MMNA — .
C] /.1,:6X10 2% 55




) _ 0000
Hapaderypa 1.7 o000
00
H »atavopn tagyunijrov o va 0p1LovTio omirjva dtapétpoou 2 cm mov SLeppE Tl o0
o

amd vepd eivan u(r)=1 - 2 m/s, dmov r 1 axrrive and Tov A0V TOU G|V %L
petEelralr o8 em. Now vmwoioytoBel v duatun i) Taon o) otov dZova ToU GmAVE,
Py og amdotaon 0,25 cm amd Tov dE0OVE TOV OWANVE 2L ) OTC TOLYOULATH TOU
CWA VL.

Avan

Qg yvinoro, T = udﬂ_ TNV TEQ IO IS EYOUNE:
dy

. ‘2
¥ I

To apwmuxo mpdonuo tomoBemBnze emerdn wo o du elval apyntizd. O amo-
OTAOELS LETOOUVTUL (0 TOV (E0VE TOU OWANVA TOOS TNV OTEQEN EMUPAVELL, KL
Oyl 0T TNV ETLPAVELT TTOOS TOV AZ0VA OIS £YIVE OTNY EEI0MON 0QLOUOT TOU LEO)-
dovg. To Emdeg Tov vepot eivan 1,005 x 107 N s/m?. "Erou €éyovpe:

o) Ty = 1.005 % 107 x4 x 0 = 0 Pa.
B) 10,5 = 1.005 x 107 x4 x 0,25 = 1,005 x 10~ Pa.
V) T, = L005x 109 x4 x 1 = 4,02 x 10~ Pa.

ANO-MMNA Mnxavikj PeuoTtwv 56



lHopaderypao 1.8

O ®0g HeTUED V0 TAQAAMNAMY TAWKMV PEYHAOV ULOVE TOV UTEYOVV Umo-
otaom A, elvan yepdrog amrd Newtonian pevoto 1Emdovg w. H o whdxa nuve (ra
ne oraBeon waytvmre V, evad n devteon maoaugvel axivi. Na vrohoywobel n
AUTUVOL] TAYUTHTOV UETUED TV TTAULOV.

Avon

Oempovpe Eva OTOLYELHON GYHO TOV PEVOTOU, Iovg dx zaw povg y. H duarunr-
#1) TAOT TOV AORETOUL ATl TO VITE QXEIUEVO QEVOTO TOV OTOLYELNIOVS OY 1OV ElvaL
T(y), #OL N dLoTuTLLr) TAOT TOU AVTLOTELETUL OTNV %IVIOT) TOV OTOLYELNAOVS GY#OV
oo 1o axivnro Tolympua T, . Exetd 10 0gvoto dev emrtayUveTal, 1 OUVIOTAIEW
duvaun etval pndEv »aL ouvemme oL dVO Tdoels mpemel va elval (oeg. "Etol €yov-
ne, T =(y).

aa duyy) e " 1
AMMG, 1(y) = n—2 . Zvvends | du=| —dy
dy Jo lo 1
| V="1h ! =W,
H h

Av Tt 601 ™C TOONYOULEVNS OAORANOWONS Yivouy and () €mg u, #at 0 €mg y
AVTIOTOLY (L ZAL YONOLULOTTOLCOVIE TNV TRONYOULEVT) €E(0WON, Bt €)0VLLE:

u=—y,.
h}

H e&lowon avm) pag defyvel otL M tayimra eival YOoUpuLL] ouvaotaon mg
adoraonc. To €(dog avtd ™ 001¢ neTteEl Tmv dU0 mharmy eival yvmotd mS Qo)
Couette.
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Moébpro B (otnv enpavelo 1ov peLGTOV)

Em@aveiokn taon

Avvapuelg EAENC and to Aoimd poplol Tov 1o TEPPAALOVY

Moébpro A (610 £60TEPIKO TOL PELGTOV) 2F, =0
ASng

&

2F

EASTIS

=0

Empavelokn tdon = anattodUEVO £pYO Yo Vo, QEPEL VEQ LOPLoL Ao TO

ECMTEPIKO TOL PELGTOV AVA LoV
OMUIOVPYOLUEVIC VEAS ETLPAVELOG
= Abvaun x petotodmion / Lovada, ETQAVELNG

= Advapn / povaoso pikovg
2 G e
z\m & e AW FAx F
Aplscania | O = - -
| ]L% AA - A
o — r T T

avikr) PeuoTtwv

Moowo B

YI'PO

Mdow A
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Em@aveiokn taon oo

Hopadetypota

* tomoBEtnom Peldvac Tavem GE NPEUN ETLPAVELL VEPOD

*  TEPTATNUO EVTOUOV GE VEPO

*  oTayOveEC vEPOL / vYPAV : cQaPKES (Min. epPaddV EEMTEPIKNG EMPAVELNC) ] mIn £PYO Yol Vo YiVeEL.
€101 6€ ovvOnkeg EAdeync PapdnTog m.Y. 01 GTAYOVES VYPOV EIVOL COAIPIKEC EMELOT) OEV EMOPOVV
eEMTEPIKES OLVAUELS ( PapOTNTA) KO 01 EGOTEPTIKEC EAKTIKEC AAANAOEEOVOETEPMDVOVTOL.

Em@oavewokn tdon vypav oe eragn pe agpo 20 °C
Yypo o (N/m)
AXxoon 22%10-3
Bev({dho 29*10-3
Nepo 73%1073
Ydpapyvpog 514*103
AovTtikd Aadt 35%10-3 (ex) (B)

AlMNe-MnA Mnxavikj PeuoTtwv 59



AMNO-MMA

TABLE 1.4 Surface tension of water

Temperature Surface Tension | Temperature Surface Tension

(E) (mlb/ft) (°C) (mN/m)
32 5.18 0 795.6
40 513 5 749
50 5.09 10 74.2
60 503 20 72.8
70 497 30 712
80 491 40 69.6
90 4.86 50 67.9

100 4.79 60 66.2

120 4.67 70 64.5

140 453 80 B2 7

160 4.40 90 60.8

180 4.26 100 58.9

200 412

212 4.04

Source: Adapted with permission from data from CRC Handbook of
Chemistry and Physics, CRC Press LLC, Boca Raton, FL. (Reference 10)

Notes: Values taken at atmospheric pressure

1.01b = 1000 mlb; 1.0 N = 1000 mN

60



TABLE 1.5 Surface tension of some common liquids

Surface Tension at Stated Temperature

10°C 50°F 25°C 7 i o 50°C 122°F 757C 167°F 100°C 212k
Liquid (mN/m)  (mlb/ft) | (mN/m) (mlb/ft) (mN/m) (mlb/ft) (mN/m) (mlb/ft) (mN/m) Ib/ft)
Water 74.2 5.08 720 4.93 67.9 4.65 63.6 4.36 58.9 4.04
Methanol 23.2 1.59 221 151 20.1 1.38
Ethanol 282 1.59 22.0 1.51 19.9 1.36
Ethylene glycol 48.0 329 45.8 3.14 43.5 298 41.3 2.83
Acetone 24.57 1.68 22.72 1.56 19.65 155
Benzene 28.2 .93 25.0 .71 21.8 1.49
Mercury 488 334 485 332 480 329 475 32.5 470 322

Source: Adapted with permission from data from CRC Handbook of Chemistry and Physics, CRC Press LLC, Boca Raton, FL. (Reference 10)
Notes: Values taken at atmospheric pressure 1.0 Ib = 1000 mlb; 1.0 N = 1000 mN

AMNO-MMA
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Surface Tension: Liquid Drop
The pressure inside a drop of fluid can be calculated using a free-body diagram:

Real Fluid Drops Mathematical Model

R is the radius of the droplet, o is the surface tension, Ap is the pressure
difference between the inside and outside pressure.

The force developed around the edge_due to surface tension along the line:
F Applied to Circumference
surface

This force is balanced by the pressure difference Ap:

Applied to Area
Fpressure — @\/



MNpéBANpa 2.63

Situation:
A water bug is balanced on the surface of a water pond.
n = 6 legs, £ = 5 mm/leg.
Find:
Maximum mass of bug to avoid sinking.
Properties:
Surface tension of water, from Table A4, o = 0.073 N/m.

3 mm 3 mm

> e o~

AMNO-MMA

SOLUTION

Force equilibrium

Upward force due to surface tension = Weight of Bug
Fr = mg
To find the force of surface tension (Fr), consider the cross section of one leg of the
bug;:

Cross section

/\‘/ of bug leg

Surface tension
force on one
0 side of leg

FF
Assume 6 is small
Then cos 6 =1; Fcos 6=F

Surface tension force

Fr = (2/leg)(6 legs)ot

= 120¥¢
12(0.073 N/m)(0.005 m)
0.00438 N
Apply equilibrium
Fr—mg = 0

Fr  0.00438N

m = —= —-
g 9.81m?/s

= 0.4465 x 103 kg
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2
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Tpryocion pawvopeva
Capillary Effect

Meniscus
A |4 :

h> Meniscus

1 N T
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Liquid

AMNO-MMA

I A
I |
%4

e Capillary effect is the rise or fall of a
small-diameter tube.

liquid in a

e The curved free surface in the tube 1s call the

meniscus.

e Water meniscus curves up because water is a

wetting fluid.

e Mercury meniscus curves down because

mercury is a nonwetting fluid.

e Force balance can describe magnitude of

capillary rise.

“Wettedn Non'Wetted
a
Adhesion —B
| | A = 5 ST
}
Goheslon... I T Adhesion !
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P PR 2 COheSiOn \5*
—> 2R l=—
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Tdon artywyv yia To vePO 0eco
o000
o0
o
100
5) Liquid
LY g
S 10 | (above line)
2 Liquid/vapor equilibrium
'F , Wv (along line)
;c_:i Vapor
S (below line)
0.1

0O 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

Water at 20°C flows through a venturi nozzle and boils. Explain why. Also,
give the value of pressure in the nozzle.

The water is boiling because the pressure has dropped to the vapor pressure.
Table 2.1 indicates that p, can be looked up in Table A.5. Thus, the vapor pressure at 20°C
(Table A.5) is p, = 2.34 kPa absolute. This value can be validated by using Fig. 2.23.
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Boiling and Cavitation sec:

Bpoaopog kol ZnnAainon :

Cavitation occurs when :
absolute pressure < vapor pressure (pv)
(amorvtn micon-e€mT.) < (TAON UTULOV-E6MT.)

so that the water 1s allowed to "boil".

water temperature

- 50 9C For H,O of 50°C the Vapor Pressure is 12.3kPa

The operating pressure of the pump is 6 kPa < VP,
boiling and then cavitation will occur.

For H,O of 20°C the Vapor Pressure is 2.3kPa

The operating pressure of the pump is 6 kPa > VP, thus
cavitation will not occur.

ANO-MMNA Mnxavikj PeuoTtwv 69



» (Y X
IHopdoeryna 1.12 0000
: P . . ) ) L 000
Na vrohoyloBel 1 ehaylot) eEwTteQLA| TEOY, WOTE Vo OyNUaTIioBel omhaimon | @ @

ratd ) eTapopd vepov 207 C pe avriio.

Avon

H tdon aruwv tov vepou otovg 20°C Poltoreton and tov mivaro 3.1 tov Ioapap-
muaroc 3 wg 2,25 kPa. "Erouy mleon Ba mpgmel va elvau peyaiiteon twv 2,25 kPa,
MOTE VO amogevyBel 1 dnuoveyio omniaimonc.

Ofno XentepPpiov 2007 (2 povaoec)

Nepd péet og coanva and 1o onueio 1 og vyouetpo 329 m 6to onueio 2 pe vyouetpo 736 m Kai
uetd oto onueio 3 oe vyouetpo 437 m.

Aperlavtag 1ig Tpég, moon mieon amouteiton oto onueio 1 €161 M®GTE va unv €yovue cmnAoinon
GTO oNuEio 2;

(Atveton n mieon atpuwv tov vepov otovg 20°C Ppo=2341Pa, n Bepuoxpacio 20°C ko M
mokvoTnTa Tov vepov 1000 kg/m?)

AlMNe-MnA Mnxavikj PeuoTtwv 70



2OUTESTOTNTA — METPO OLOYKOGEMS | »

Yvypd mpoaxtikd acvoumiesto ALY G€ amdToUeS Kot LeydAeg petafoAEg mieonc n
GUUTIEGTOTNTA EIVAL GNUAVTIKN

, N
2 VUTIEGTOTNTO

ElactikdtnTo dyKov

/ MetafoAn mieong

dP

=
T T~

MetafoAn dykov

METpo 010YKOGEMG )

Movdaoec ? Ilieong ! (d % = 0014.0TATO)

K 1o =2068MN/

AMNO-MMA

Mnxavikj PeuoTtwv 71



XoumeototTNTo — METPO OLOYKMOGEMS S

N
Mopdderypa 1: Epappoyn 7x10° Aflz oe lm’ H,O (nepimov 7atm)

5
e - dV—VdP:—dV:1X7XIO6= 1 3
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2-1
__arP _ 00 MN
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Hopaderyna 1.13

Na Poebel n ehaouxomue Oyrov vYEOU OV 1) TUAVOTITA TOU CUEAVEL HOTA
0,04%, otav ) wteon avEdvel xatd 50.000 Pa.

Avon

mdo

. - m e , ' W=
IvwolCovue OtL: V= —=> 1€ TUQUYWYION ToorUTTEL dV = —

QE

Amé ) oyéon avni xaw my eElowon (1.15) 5 - P _ _V(B_P _ _v(a_ﬁ))= @(a_ﬁ?)
vl ] e

%

p=0 _odp _dp_ 50000 _ 55,106pa
mde do  do  0,04x107
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000
, , , 0000
ZUvoyn TWV ISIOTATWY TWV PEUCTWV eeco
o000
o0
o
Units | Temperature | Pressure Effects
Property (Sl) Effects (common trends) Notes
Density (p): Ratio of kg plas T if the ptasptifagasis « Air. Find p in Table F4 or Table A.3.
mass to volume at a m> gas is free to compressed o Other Gases. Find p in Table A.2.
point expand o Caution! Tables for gases are for p = 1 atm. For other
- pressures, find p using the ideal gas law.
Q Sy
© pl ?S TT for A 1.1qu1<‘1 1s usgally « Water. Find p in Table E5 or Table A.5.
g liquids Tdeahzed with p « Note. For water, pt as T'1 for temperatures from 0 to
(<) independent of about 4°C. Maximum density of water is at
e: pressure T ~ 4°C.
-g’ o Other Liquids. Find p in Table A 4.
9 Specific Weight (vy): N vl as T'1 if fluid Gas:yftasptifa « Use same tables as for density.
= Ratio of weight to m> is free to expand gas is compressed « pand <y can be related using y = pg.
.g volume at a point Liquid: aliquid is usually | « Caution! Tables for gases are for p = 1 atm. For other
© idealized with -y inde- pressures, find -y using the ideal gas law and y = pg.
(/)]
g pendent of pressure o Typically, v is not used for gases.
3 Specific Gravity none | SGlasT? A liquid is usually « Find SG data in Table A 4.
(S or SG): Ratio of idealized with SG « SG is used for liquids, not commonly used for gases.
(density of a liquid) independent of « Density of water (at 4°C) is listed in Table E6.
to (density of water pressure o SG = ¥lYu,0,42c = PlPu,0,+°c-

at 4°C)
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, , , 0000
2Uvoyn TWV ISIOTATWY TWV PEUCTWV oo o
o000
o0
o
Units | Temperature | Pressure Effects
Property (Sl) Effects (common trends) Notes
Viscosity (p): A N-s | ntasTtfora A gas is usually « Air: Find . in Table F4, Table A.3, Fig. A.2.
property that m’ gas idealized with p. o Other gases: Find properties in Table A.2, Fig. A.2.
characterizes independent of « Hint: Viscosity is also known as dynamic
resistance to shear pressure viscosity and absolute viscosity.
% stress and fluid friction o Caution! Avoid confusing viscosity and
8 | kinematic viscosity; these are different properties.
g wlasT1 fora A liquid is usually o Water: Find w in Table E5, Table A.5, Fig. A.2.
o) liquid idealized with p. o Other Liquids. Find . in Table A .4, Fig. A.2.
; independent of pressure
% Kint.emati.c m’ vTas T1 for v1 as p1 fora gas o Air: Find w in Table E4, Table A.3, Fig. A.3.
] Viscosity (v): A s a gas o Other gases: Find properties in Table A.2, Fig. A.3.
« property that o Caution! Avoid confusing viscosity and kinematic
8 characterizes the mass viscosity; these are different properties.
T and viscous properties o Caution! Gas tables are for p = 1 atm. For other
g_ of a fluid pressures, look up p = (7)), then find p using the
g ideal gas law, and calculate v using v = p/p.
vlasT1 fora A liquid is usually o Water: Find v in Table E5, Table A.5, Fig. A.3.
liquid idealized with v o Other liquids: Find v in Table A 4, Fig. A.3.
independent of
pressure
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ZUvoyn TWV ISIOTATWY TWV PEUCTWV eeco
o000
o0
o
Units | Temperature | Pressure Effects
Property (SI) Effects (common trends) Notes
| Surface Tension N J ' olasTtfora A liquid is usually P Water: Find o in Fig. 2.18.

» (0): A property that m’ m’ liquid idealized with & o Other liquids: Find o in Table A 4.

2 characterizes ﬂ.le . independent of « Surface tension is a property of liquids (not gases).

.q:, tendency of a liquid pressure « Surface tension is greatly reduced by contaminates or

Q surface to behave as a impurities.

E stretched membrane | | |

g Vapor Pressure p,: Pa p,1as T? for Not applicable  Water: Find p, in Table A-5.

< The pressure at which aliquid

8 aliquid will boil

o , ,

= Bulk Modulus of Pa Not presented Not presented here « Ideal gas (isothermal process): E, = p = pressure.

2 Elasticity E,: A prop- here o Ideal gas (adiabatic process): E, = kp; k = c,/c,.

|  crty that characterizes « Water: E, ~ 2.2 X 10° Pa.

the compressibility of
a fluid
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# Name

1  Pressure force

2  Shear force
(viscous force)

3 | Buoyant force

4  Surface tension
force

5 | Drag force

6  Lift force

7 | Thrust force

AMNO-MMA

Description and Tips

The force caused by a pressure distribution. Use gage
pressure for most problems.

The force caused by a shear stress distribution. This
force requires the fluid to be flowing.

The force on a submerged or partially submerged
body that is caused by the hydrostatic pressure
distribution.

The force caused by surface tension. The common
formulais F = oL.

When fluid flows over a body, the drag force is the
component of the total force that is parallel to the
fluid velocity.

When fluid flows over a body;, the lift force is the
component of the total force that is perpendicular
to the fluid velocity.

The force associated with propulsion; that is, the force
caused by a propeller, jet engine, rocket engine, etc.

Mnxavik PeuoTwv

Associated With

Pressure stress
Shear stress

Pressure stress

Forces between molecules

Both the pressure stress and the shear stress

Both the pressure stress and the shear stress
(typically, the effect of shear stress is negligible
as compared to the pressure stress)

Both the pressure stress and the shear stress
(typically, the effect of shear stress is negligible as
compared to the pressure stress)
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Nopou ovatiipnong

Ioyvovv 01 yv®weTol vOuot :

o Apyn dwrfipnong me pdtog (Oxt yroo E=mc?)

® Apyn OlaTHPNONG TG OPHNG

e Apyn oTNPNonG TG EVEPYELAS (1] OAIKT) EVEPYELD EVOC
KAEIGTOV GLGTNUATOC Ol T PELTAL GTAOEPT))
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