PEYZTA

» MTTOPOUV VA pEOUV

> TTaipvouVv TO OXNMO TOU OOXEIOU TTOU TA TTEPIEXEI

» Agv HITOPOUV VA AVTIOTOBOUV O€ ETTIPAVEIOKEG OUVAUEIG

(E@ATTTOMEVEG OTNV ETTIPAVEIA) => OEV AVATITUCOCOUV OIATMNTIKES

TACEIG

» AOCKOUV duvapuelg o€ d1EUBUvVON KABETN OTN ETTIPAVEIQ
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Y&pOoOoTATLKOC TAVUOTG TACEWV
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€y = E 0y — V(02 + 0y))|
- .
€z = E 0, — V(0 + ay)

MetafoAn oykou:
€,0= -3(1-2v)p/E =>

k=E/[3(1-2v)] — M£tpo 810YKWwOoNC
(bulk modulus of elasticity)



lNukvornra p Mison p

F

Am _ M p =
BaBuwtd péyebog (Kgr/ms3) Movada pétpnong 1 Pa =1 N/m?
1 atmosphere (atm) = 1.01x10° Pa (n
QTMOOQAIPIKNA TTIECN OTNV OTABUN TNG
0aAacoa) 1 0,1MPa
Material or Object Density (kg/m?) Material or Object Density (kg/m?)
Interstellar space 10-20 Iron 79 % 10°
Best laboratory vacuum 10°7 Mercury (the metal, not the planet) 13.6 X 10°
Air:  20°C and 1 atm pressure 1.21 Earth: average 55 % 10°
20°C and 50 atm 60.5 core 9.5 % 10°
Styrofoam 1 %102 crust 2.8 % 10°
Ice 0.917 X 10° Sun: average 1.4 x 10°
Water: 20°Cand 1 atm 0.998 x 10° core 1.6 X 10°
20°C and 50 atm 1.000 X 10° White dwarf star (core) 10"
Seawater: 20°Cand 1 atm 1.024 x 10° Uranium nucleus 3 % 10V
Whole blood 1.060 x ID} Neutron star (CUrE) ]G]S

To vepO eAayiota LETABAAEL TRV MUKVOTNTA TOU UTO Ttieon (tnv petafaiet Aoyw °C) =
OLOUMTLEDTO
Ta aépLa elval CUMTILECTA...



Psuorto o< npepia H wieon (udpooTaTikn ieon) o€ éva onuEio Tou uypou o€
neeMia (oTATIKA 1I00pPOTTIa) £§apTATAI HOVO AT TO BAGBOG

Fupper(F1)=A*p1

I:Iower( F2)=A*p2

M-—
I2OPPOIIA

Awaypouuo Eiev0épov couarog

0 upper h A_
1 9
TR
BN D e The three forces
balance.
—_ Sample
= g

—

F

=F +m; g

F|ower I:Iower — Tupper

A(pz'p1) =p8 A (hz'h1) > P,=pP;+PE8 (hz'h1)
dp=p,gdh = p-p,= p,gh = p(h)=p,+ p,gh



Ydpootatikn nieon
(pevoto o€ npepia):
p(h)=p,+p,-g-h

ISOPPOMMIA Fum,e“p1

I:Iateral |Ap

I:Iowerl p2



Mapadelypa: e0PpEC AYVWOTNG TTUKVOTNTAG
2wAARvag oTa0epg OIATOUNG

o] | T
I
Po
%_

A

pintright= po+ pwge

Pint "= Pot+ Pod(€+d)

Pint S =Pint"9M D p+ Pog(€+d) = p,+ p,9¢

| > pomp, l(esd)]




Merpnon aruooc@aipikng micong: Bapousrpo Yopapyupou

.
' O ZwARnRvag yepilel pe udpdpyupo Kai
avatrodoyupilel pEoa o€ dDoXEio ME

/) 2= ()
//// udpdapyupo.

—— p(y) = p, + POy

lLevel 2

ZTnV oTABuN 1 eSwTEPIKA: p,E3=p,

2TNV oTAOUN 1 ECWTEPIKA:
p,5°“™=0 (kevo) +pgh

N
/' -\.‘ p1£§= p1£0'(A)T 9 po= pgh

Por

Level 1 g \ Y Puspapyspou=13-6X10°Kgr/m?
I I I (MeTaBaAAeTal pE TN BEPUOKPATI)

(a)




H Apxn rou Pascal (1652uX)

Mia petaBoAn Trieong o€ EyKA&10TO UYPO HETARBIBAETOI AUTOUCIA OTO UYPO
KOl OTO TOIXWHMOTO TOU doxEiou

Lead shot

r Piston

] Pext

P = Pt P8O

Eav ntpoocBéow emunAéov nieon dp,.,,

P’=(Pextt dPexe)+P8H

dp = p’-p=dp,,, N HeTaBoAn Tng Mtieong eival ave§aptntn Tov VYPoug Kat gival idla oe

OAa TOL CNUELD TOU UYpPOU



YOpauAikn mmpéooa Edappoyr otov YSpauAkod ypulo ya avipwon peydAou Bapoug

EmRAAw o1o apiotepd EuoAo (el06dou) TTieon:
Output &_-' dp:Fi/Ai
To 0€€I0 EuPoAo (e€000u) dExeTal idIa TTiEON
Input |7 A, (Apxn Pascal) atmré 1o uypo (TTpog Ta TTavw)
l =>dp=F/JA,

F=F.AJ/A, nF_JF,=AJA,

AvA>A, =>F,>F,

MeTtakivw 10 apioTepd EéuoAo (e100dou) kata d; oTroTe 1O deCIO EUBoAo
(e€O600U) avEpyeTal kata d,.

O OyKOG TOU uypouU TTOU PETATOTTICETAI Eival:

V=Ad=Ad, =>d=d. AJA, eav A >A, d <d

‘Epyo €§6d60ou: W=F _d_=F,A_/A, d, A/A_ => W=F.d, (Epyo e106d0uU= £pyo
£¢660v)



Yypo o¢ npspia H mricon o€ éva onueio Tou uypoU o€ npepia (OTATIKA
IcoppoTria) egapTaTal uévo atrd To Babog

p(h) =p,+ p,gh

ISOPPOMIA F

upper|pl Fupper(F1)=A*P,

Flower(F2)=A*p2

-------- 1
P W =F
lateral | Ap pGT'V.g: pU'g.v
pOT= pU

P2
W>F, => p,.>p,

Awaypapua Eievfépov couarog

4

I:Iowerl p2

F, =F F EKTOTLOMOL UYPOU

lower ~ " upper
=A (p,-p,) =A - p, - 8 *(hy-hy) = p, - @ > F,=m.g

W=mg



T IR
Flower - Fupper =

=A (p-P1) =A (P, + P, " 8°h-p,)=p, 8 V' =>F,=mg

W=m-g=p . V-g
W=Fb => pot'v'g=pu'g'vl 9pcrt/pu=V’/V 9pcu<pu

H Apxn tou Apxtundn: éva cwpa tov entnAEEL ) eival MARPwC BuBLopEvo, SExeTal
SUvaun aAvwong oo To Vypo HE KAaTeLOUVON TPOC TA TTAVW KOl LETPOU LOOU LE TO
BAapog Tou UypOoU TTOU EKTOTIL(EL TO CWHLAL.

2€ CWHA IOV givoll MARPWC BUBLOUEVO 1 EMUTAEEL:

Suvaun avwong = BAPOC CWHLATOC




Hapdaosrypa

' . : 3 (b) If the block is held fully submerged and then released,
In Fig. 14-11, a block of density p = 800 kg/m” floats face \hat is the magnitude of its acceleration?
down in a fluid of density p; = 1200 kg/m*. The block has

height H = 6.0 cm.

(a) By what depth /4 is the block submerged? Fb o Fg — mad,
Floating means
that the buoyant pr WHg — pLWHg = pLWHH
force matches the
gravitational force. ;
(P ) _(IZUngfm ) ,
[ —(P — 1 g] 300 kg/m’ 1] (9.8 m/s%)
?{_ [
i = 4.9 m/s>. (Answer)

Fy = meg = pVrg = prLWhg.
F, = mg = pVg = p,LWHg.
piLWhg — pL WHg = 0.

p 800 kg/m?
h==2p 6.0
[ P ]: 1200 ke/m? 00 ™)

= 4.0 cm.




MPocdLopLoOC AYVWOTOU OYKOU CWHLOTOG

Zuylopa péoa o€ doxeio: n H AUvapn Avwonc (= BAPOG TOU EKTOMLOUEVOU VEPOU) Kot
avUuywon tov vepou Ah => ApPa KoL 0 OYKOG TOU CWHATOC HItopoUV va HETpnOolv pe
OYKOGC TOU QVTLKELLEVOU (UYLOMO TOU EKTOTILOMEVOU UYpPOU (YVWOTHG IMUKVOATNTOC)

Avvapn avwong F, (b=buoyancy) H Abvaun avwong

- Bépoc otov agpa - Bapoc péoa b= Wew. = M8 = Puypoy™ VG =>V = We o (Puypos *8)

OTO VEPO =>

Fp = AW=pgV (=pg Asoycion™ D)

H Apxn tou Apxtundn: Eéva cwpa tov emumA£€st 1) eivol MARPWCE BuBLopEvo, dExeTal
duvapun advwong ion HE To BAPOC TOU EKTOTMLGUEVOU UYpOU.



- Aoxeio nuutAnpec. Me tnv BuOLon tou

ocwpatoc avéndnke n otadun katd Ah

- Bapoc cwpatoc otov agpa = mg (6edouévo) Ah
- Bapocg uypou =W =

otov agpa: To okowi => 0Ao 1o Bapoc T = mg
BuOiopévo ocwpa: To okowi => T=mg- F,

H k&tw {uyapwa: R=W + F_

=> F, =R-W= pgV => V=(R-W)/pg

Xpnowuotnta: eEUPECH OYKOU UALKOU, TTOU MPLV EXEL
Juylotei, WOoTE va MPOKUYEL TO patvouevo Bapoc
£,=P,9 =(m/V,)*g




Aldypappa
eAeLOEPOU CWHOTOC
TIOU ETLITAEEL

mg‘ (6pdon)

Aldypappa
eAeVOEPOU CWHATOG
urtikep (n othpLen
Tou elval n uyapld):

4 mg

W-W

l L
R = (W-W,) + mg IR=?
Oupwg ano wopporia: F,=mg



H Apxn tou Apxtundn: éva cwpa tov entnAEeL ) eivol MARPwC BuBLopEvo, SExeTaL
dUvapun avwong ion HE To BAPOC TOU EKTOTILOMEVOU LYPOU.




Case Study KUKAIKRG Kivnong:
H mrepitrtwon tou Falkirk Wheel

https://www.scottishcanals.co.uk/falkirk-wheel/about-the-wheel/how-it-works/







Case Study KUKAIKRG Kivnong:

H mrepitrtwon tou Falkirk Wheel
https://www.youtube.com/watch?v=9y9Kn5qOc-E&feature=youtu.be

To Bapog tn¢g yovooAag pe
- Bearings TV poptnyida
< Axle Rim avtiotaduiletat anod to
: sl i Bd&poc tou vepou otnv AAAN

R / yovéoAa. Eva nepinmAoko

ocluoTNUA avUPWVEL )
XOUNAWVEL TIC YOVOOAEC.
KaBe yovboAa, eite pe
doptnyidec ite amAa
VEUATN UE VEPO, LUYilEL
niepimou 300 tévouc.

Mikpn anaitnon yw
evépyela (balance &
equilibrium)!

Apxn Tou Apxtundn: éva
avtikeipevo (edw to okadog)
HeTaTomilel TOOO VEPO 000
To Bapoc tou, £toL ot SUo
yovOoAec eival mavta €loou
LOOPPOTINUEVEC.



Yypa kai Kivhon

1.

ota0epn R oTPpWTA pon (Steady or laminar flow): n TaxuTnTa TOU UYPOU OE€
otrolodNTroTe oTa0EPS onueio dev aAAAlel PE TOV XPOVO

acupTtrieoTn pon (Incompressible flow): 61TTwg Kal yia Ta pEUOTA O€ NPEMIaA, TO
I00VIKO PEVOTO Eival AOUMTTIEOTO, ONA. N TTUKVOTNTA TOV gival oTaOEPN

Ponl xwpig 1IEwdeg (Nonviscous flow): To 1IEwdEg eival HETPO TNG AvTioTAONG
TOU PEUCTOU OTNV pon (o€ avTioTolXia JE TNV TPIRN HETASU KIVOUNEVWV
OTEPEWV =D HETATPOTTN KIVNTIKAG EVEPYEIOG O BepUIKA evépyela). OTav éva
CWHMA KIVEITAI OE PEUCTO XWPIG IEWOEG Oev déXETAI OTTICOEAKOUC O SUVANN
(xaupid avriotaon) = Kivnon pe otafgpn TaxuTnTaA.



E{iowon ouvéxeiag (Equation of Continuity) @

| 2|
| L |
|
|

>
dx

i~ Ma otaBepn pon:
S S Tayutnta: v=dx/dt
'OvKoq: V:A-dx =A‘V'dt

|
I
: (a) Time ¢
|

TO PEVOTO lval 810G E QUTOV oV
e€EpxeTaL ano tov Ldaviko cwAnva
| (6on O0ykog unaivet, 000G Kat

. 0 Bvaivel)

L Eicobo¢: V=A, -dx=A, v, -dt

——— ... the volume flow ‘E€060¢: V=A,-dx=A,-v,-dt

: | per second here.
(6) Time ¢+ At (V/dt=A-v)

A, v, = A, v, auéaveral n TaxuTnTa orav YEIWVETAl n diaroun

- L -

|
I
|
|
| O puBUOC LLE TOV OTTOLO ELOEPXETOLL
|
I
|
|

PuBuoc ponc oykou (rmapoxn): A,

R,=dV/dt=A-v (ctabepad)

PEUMATIKEG YPOAUMEG: N
TaxVTNTa edpAnTETAL OE KAOE
onueio, n mMUKvwon dSnAwvel
avénon LETPOU TaxUTNTOC

PuBuOG pong padac:
R,,=dm/dt=p-A-v (ctaBepa)



Eiowon Bernoulli (Apxn Aiarnpnon¢ tn¢ Evépyesiac ora psuora)
| L - MesraBoAn K.E. (AKE) =épyo mou gkreAsirar (W)

Fluid flows at a steady rate through a length L of a tube, from the
input end at the left to the output end at the right. From time tin (a)
> to time t+Dt in (b), the amount of fluid shown in purple enters the
input end and the equal amount shown in green emerges from the
output end.

¥ [nputI

b
u1\1|

|

|

|

|

I
| | Mo TO oToXELWSEC PEVOTO TOU ELOEPXETAL (XWPLC LEWOEC):
| (a) | dx,=v,dt
| | Agxetal Suvapun F,=p,A; = napayet Epyo W, =dx,'p,A;
I I 14 14 14 14 14 14 14
| | vy To pevuoTo kata tnv €€0060 tou dexetal amo ta defLa Tou
| — Suvapun F,=p,A, = napayetl €pyo W,= - dx,'p,A,
I
|
I
|
I
|
I

by — Epyo Aoyw Baputntog katd tnv avoPpwon:

- Wg = -dm-g-(y,-y,)

Output AKE=W,+W,+ W,

¥ 0Oo0¢ OyKoC eLlo€p)ETaL, TOOOC EEEPYETAL (ALOUUTT. PEVOTO)

= t+ At

2 1 2

1 _
;dm-v; —dm-vi=—-dm-g- (¥y2 —y1) +dx1p1A1 — dx,;p,A; dm=pdV

dV=dxA;
1
p1 + 3pvi + pgyi = ps + 3pv3 + pev,.

p + %pv2 + pgyv = a constant (Bernoulli’s equation).



In the old West, a desperado fires a bullet into an open water
tank (Fig. 14-20), creating a hole a distance h below the water
surface. What is the speed v of the water exiting the tank?

Fig. 14-20

Fig. 14-20 Water pours
through a hole in a water
tank, at a distance h below
the water surface. The
pressure at the water
surface and at the hole is
atmospheric pressure p,,.



Example-2: Bernoulli’s Principle

In the old West, a desperado fires a bullet into an open water
tank (Fig. 14-20), creating a hole a distance s below the water
surface. What is the speed v of the water exiting the tank?

Fig. 14-20

Water pnurs

Flg 1 4-20
through a hole in a water
tank, at a distance A below
the water surface. The
pressure at the water
surface and at the hole is
atmospheric pressure p,.

Ry =av = Ay,

a
and thus Vo = —— V.

A

Because a <€ A, we see that vy < v.To apply Bernoulli’s equa-
tion, we take the level of the hole as our reference level for
measuring elevations (and thus gravitational potential en-
ergy). Noting that the pressure at the top of the tank and at
the bullet hole is the atmospheric pressure p, (because both
places are exposed to the atmosphere), we write Eq. 14-28 as

Po + 3pv§ + pgh = py + 3pv* + pg(0). (14-39)

(Here the top of the tank is represented by the left side of
the equation and the hole by the right side. The zero on the
right indicates that the hole is at our reference level.)
Before we solve Eq. 14-39 for v, we can use our result that
vo < v to simplify it: We assume that v}, and thus the term
spvi in Eq. 14-39, is negligible relative to the other terms,
and we drop it. Solving the remaining equation for v then
yields

v = V2gh.

This is the same speed that an object would have when
falling a height /1 from rest.

(Answer)



Aoknon 6 -7 yLoL TO OTILTL: GXETLKWG
HE TNV VOPOOTATIKA TiEON

Zto SimAa oxnua, to vepo
Bpioketal og BaOog H=35m niow
arno éva ¢paypa mAAToug
W=314m. Bpeite tnv cuVoAKN
Suvapn (HEtpo ko katevOuvon)
AOyw vSpPOOTATIKAG TiEONC TTOV
6€xetal to ppaypa, oo 1o
onueio epappoyne tng Ko T
ponn dnuloupyel otnv Baon tou
bpayuarog.

E¢nyeiote ylati mAataivoupe tnv
dlatoun tou ppaypatog npog tnv
Oepeliwon.

2to 6imAa oxnua (defapevy vepou, yepatn), o Aemtog cwAnvag EXeL
Statopun A kat vdog L, evw o papdic owAnvag dtapetpo D kat
UYog H. Nota eiva n udpootartikn Suvapn otov ato; Mowa eivaw n

p=p g

Mﬂﬂﬂﬂﬂmmw

Baputiki dUvapn tov vepoU; TL oXEon £XOUV QUTEG WG ITPOG TO
HEYEDOC; ZUYKPIVETE MPOOCEXTIKA TOUG OpOUG Kat anodavOeite.
MNowa givat n dtakvpaveon thg MAEUPLKNAG Suvapng otnv cUVdEon Kol
otov nato; (Aappavoupe edw tnv o NAeUPLKA enipavela)

Quundeite oTL 0L USPOOTATIKEC TTLECELC
QOKOUVTOL KAUETA OE ETLPAVELEC, OEITE TNV
enouevn Bondntikn dtapavela... =>



