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000
Reynolds Transport Theorem o000
r ry 4 r ry ‘ . . .
o000
Hopdaocrypo (avrictpo@n pon Katavtl Qupioag) e
o
I_ﬁ_____ ______________ 1},,,..----'C{}n’[r{:ul surface
= Sluice gate —
I TEEEAE Ly, = —0.91441 3.0ft/s — 0.9144 m /s
I T\ Vp=3 15— | 10.0ft/s — 3.048 m/s
| ' e | 1.2ft — 0.3658 m
I AL 1.8ft — 0.5486 m
| | * TAATOG 20.0ft — 6.096 m
> dBclnsed system d
(2}\,\ i T=E/bpdv+fbpv-¢m
V. =10 ft/s . — — ,
= 481 L i Euleri
Apym dworpnong me nalog (v otabepn mokvotnta Va = 3.0481 agrangian e
KOLL Y10 T Lovaoda ypovov drathpnon pnalog = Flowy, = / f (Ve )dA
Stampnon porig) o

Metafoin g nalog otov 0yko EAEYYOL UNOEVIKN

AMNO-MMA ) o )
KaBapn ekpon omd v emipaveio

10% x 3.048i-1 x (0.3658 x 6.096)

6.797 x 107 kg/s

/] p(vy-n)dA
Ub

10% x (—0.9144i)-i
—3.058 x 10° kg/s

Flow ),

% (0.5486 x 6.096)

(6.797 — 3.058) x 10% = 3.739 x 10° kg/s




Evépyela

Il

Flow

Power
lines
Generator
h /
Vs
/
/

Turbine

H evépyela etvor n 1010t T00 EVOC GLOTNULOTOS TTOV
YOPOKTNPILEL TO TOGO £PYOV TTOL UTOPEL TO GVGTNULA VOl
TopAYEL 6TO TEPIPAALOV TOV

AMNO-MMA Mnxavikf Peuotwv
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Return
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Joule recognized that the energy of a closed system can be changed in only two ways:

» Work. The energy of the system can be changed by work interactions at the boundary.

» Heat transfer. The energy of the system can change by heat transfer across the boundary.
Heat transfer can be defined as the transfer of thermal energy from hot to cold by mecha-
nisms of conduction, convection, and radiation.

——————— Energy into the system

: = | (by work or by heat transfer)
| I

Amount of energy\4

= !
in the system | i: B _\_.K_ Energy out of the system
(by work or by heat transfer)

1°¢ Nouoc Oepuodvvouitkne

AE = Q - w

increase in amount of energy amount of energy dE i ]
energy stored ¢ = { that entered system p; — that left system d_ =Q—- W
in the system by heat transfer due to work t

AMNO-MMA Mnxavikf Peuotwv 5



MaoKpPOGKOTIKT] ECIGMOT TNG EVEPYELNG | o2°

2
u /\
e = oz +U
) g

‘Otav €va pevotd pgeL amo €va onuelo 1 o €va onuelo 2, TOTte 1) EVEQYELL
UETATOETETOL OO (oL NOOPN 08 GAAm. ‘Ommc NON €yel avageBel, o nopgn
EVEQYELOC TTOV UOC EVOLUPEQEL, EVUL RUL 1) ECOTEOLRT] EVEQYELN. Q2C ECWTEQLRY
EVEQYELOL EVOC QEVOTOV, OQILOVUE TN OUVOMHKY| EVEQYELOL TOV £YOUV OL OOULHLEC
novaodeg oe dedongvec ouvBnxec. OL dOUKEC NOVAOEC NTOPEL var €(VaL NOOLL, 1)
ATOWLC AOL 1) EVEQYELX TOVS O(EILETUL OF OYETUHES RIVIOELS (LETUPOO, TTEQLOTQO-
@1}, O0OVNON)), EVOOUOQLUHA (PUIVOUEVA (TUONVIRAL, NAEUTOOVLAGL) AL OLOLUOQLOKES
arinhemdodoeic. H ecmteounn) evépyera dev elval petonoto neyetog, ahhd ovte
woL evolapeoel va uetontel. Exelvo mov evolagpépel not pmoel va uetonoel eival
ot uetaporec me. "Etor opiletol pua »atdotac) avagoods N EOMTEQLHY] EVEQ-
veELa UNOEY, OE OYE£0N UE TNV OmolCL, VITOAOYILETOL 1] ECWTEQLAY] EVEQYELL O OTOL-
admoTe AAA HOTAOTAUO).

AMNO-MMA Mnxavikf Peuotwv 6



‘Epyo — 3 kotnyopieg sese

o Afoviko 'Epyo (Ws, shaft work): 1o £pyo mov mapdyetat and 1o peLGTO (1] TPOCPEPETUL GTO PEVCTO)
tov OE, dtapéocov tuniuatoc ¢ EE and v onoia dev cupuPaivel por pevotod amd tov OF

o W, (+) : mapayet £pyo 610 mEPPEALOV, T.Y. GTPOPILOC KIvOoOUEVOS OO PEVCTO

o W, (-) : katavardvel £pyo oo 10 TEPIPAALOV KOL TO TPOCPEPEL GTO PEVGTO (T.). AVTALQ)

e ’'Epyo Pong 1 Evépyewa Ilicong (Wm, flow work): eivat 1o £€pyo mov amoteiton yio va 1e0€i o pevoTo
o€ Kivnon yopic va petaPindei o 6ykog tov
dW =F-dl=p-dA-dl =

dw dl
— T = p—dA = pudAd =
a PaTr

=>W_ = Ipﬁ-dz
EE

e ’'Epvyo owatunonc (W, shear work): eivat to €pyo mov amoureiton yio vo vrepvikn0oHv ot d1aTUNTIKES
TOGELS — LETATPEMETOL GE LOPPY] EVEPYELNLG TOV OEV EIVOL LKAVT VO TOPAYEL X PTOLUO EPYO

W=Ww+W_+W,

AMNOG-MMA



000
e0o
I 4 I 4 | 4 ‘ .
ApyM owaTNpnons TS ... EVEPYELUS o
dm _ ¥ j pdV + j p udA Apyn Awtipnong tne Madeg
pp = 4 _ 9 f up dV + f upiidA AP Awtiipnong g Oppris
PvOuodc avénanc PvOuodc avénanc PvBudg ovvoliknig
¢ dtotntag N | = | thedotntag N | + gxkpone tng N
TOU OUOTNUATOC ueoa otov OE Siwa tn¢ EE
dN 9 _ N: 1016t Ta
—=—| npdV+ | npudA ) ) ) )
dt Jt OF EE n: Tipq ™S N avad povada paloc
dE 9 e: Evépyewa/ povada palog
— == epdV+j ep udA ) ) )
dt 9t Jog EE Apyi Awtipnong g Evépyeog

AMO-MMA Mnxavikf Peuotwv 8



r r 14
I'evikn £Ciocmo TGS EVEPYELOG sel:
AE = Q - w : .
increase in amount of energy amount of energy d_E _ ('2 . W
Cm - U} U} |
W =W +W_+W.
dQy _dw _ db = doy dW_1 epdV+f ep udA
dt dt dt ~dt dt Ot)y EE
dQy dWs dW; |9 _
= — — =|— epdV+j ep udA A
dt dt dt Ot Jop E
) p. _ -
= JopepdV + Jop(e+ ;) pildA
PvOube poic PuBubdc mapaywyhc Pv’9uc')c PvHuég’KaHapﬁ(; ei’cpoﬁq
OeppotnTag | épyov and Tov TUIOWPEVANG EVEpYELRS aTTO
amo o TepLBAarlov dyko eAéyyov Evepyelag TOV OYKO EAEY YOV

OTOV OYKO EAEY YOU

AMO-MMNA

oto meptfaillov

OTOV OYKO EAEY yOU

Mnxavikf Peuotwv
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r r 4 r 0000
o000
E;gmdﬁ/g p;;)pgzag C;L;]g cElomonNg EVEPYELUG oot
H H 9 f f . | X
——=—3 ———=—| epdV+| epudA o
dt  dt _dt _ dt dt o)L
I _ _
:dQH_dWS_dWTzﬁ epdV+f epﬂdA+j pudA
dt dt dt s OE EE > _EE ,
= Jopep dV+fEE(e+;)pﬂdA /
Yn60eon eM¢pviun pon Kot OLOLOHOpeN d_Q =0 i epdV =0
e Wr=0 (£pyo o1dtunomnq) dt Ot Jog .
e/Eicodoc u,, A,: 'E€odoc u,, A, dW . u?
_ = Ws e=—+gz+U _
dt 2
. u3 P, us P\
Q—Ws =puzAy |\ +9z, + Uy +— | —prus Ay | ——+ gz, + Uy + —
2 %) 2 P1 -
Enedn (1) EvOodrio / povédo pélog: h=U+ pvz*:x p —
(2) prusAy = puyA; = pQ =m p:mTzl h=U+; _
: . ué —u? Six Tov Au?
Q—Ws=rh[(h2—h1)+ > +g(zz—zl)]=>< pvO oY ):q—WS=Ah+T+gAz
pofg u&fas/ | A

ANO-MMA

[Toco G.épuc')rn‘mg / povédo palog
[Tocd mapayopevov Epyov / povado palog



"Epyo anmAiei@v

‘Epyo Anoiewov : | H punyovikn evépyelo mov HETATPETETOL GE UM EKUETAAAEVGIUN LOPPT| EVEPYELNG,

To WL yapaxtnpilel un aviloTpenTEC SlEPYOGIES
[660epun pon: WL —> Ogpuomra
WL — U (ecmt. evépyela)

OnA. Beppotnra,  omota: (1) eite amdyeton amd 10 GLGTNULO

(2) eite av&hvel TNV E0OTEPLKT EVEPYELD TOV GVGTIULOTOC

B B ‘Epyo avtiotpentng
dW = pdV dlepyoaciog .
m — —» dW =pd (—)
Fram=1p= v p

‘Epyo Mn - avtiotpentg olepyaciog

dW = pd (%) —dw,

Eivot petopévo katd to épyo anmiewwv dWL

AMNO-MMA Mnxavikf Peuotwv
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’E pYO () ¥ (0)»81(!’)\’ (Yo o pn avtietpenty oepyasio — 1°° vopog)

dq—dW = dU = dq = dU +dW =dq=dU +[pd(1/,) —dw, ]

p p \\N 1 1
= h— dU=dh—d(=)=dU = dh —pd ——d
S a) o =i

= dq = (dh—pd(1/,) =1/, dp) +pd(1/,) — aw, =

%

P y
= dq = dh — 1/p dp dy (oAoxAipwon)|q = Ah — ?p - W,

—

pEVCTO aoVUTiEGTO: p = otad. Aul
/ q-ws=4h+—-+g4z
Ap Au?
Au? Ap
#T‘Fﬂﬂi'i'F‘f‘WL tws=0= AWpOVTOG PUE TO g
M [(Ap\ ) w ’ ’
ﬂ@ iz +®_’<_L Ws o Awfcmcag MnKoug
2g) . v/ \g /| @ o1 6potl g e€icmong
R
, : Yyog N\ W
Ywyog ' TTisonc Yyog hy = ?

Toydtntas Melopetpicd Anoleidv
Yyoc

12



2VVTEAEGTNG OL0POMONS KIVTIKIG EVEPYELOS

® XTINV MEPITTMGT] OVOLOLOUOPPNG PONG Y PTG LUOTOIOVLE TO GUVIEAEGTN
O10pOB®OTNC KIVNTIKNG EVEPYELNS O TOL opileTan :

1., 1 1

_ _ 1
a—mb’ =a— pOAD  =a— Au3:j—pu3dA:>
2 2 2 )7

1 ¢(vY
o a= Zj = dA  Olhoxnphvovtag To TPOYiA TayLTATOV
A

e Eninovo, omote Yo evkoAia, TPOGEYYIoN
o TvpPwong pon: a= (1,01 —1,10)

® XTPWTI POT GE KLAWVOPIKO aywyod: o = 2
AMO-MMA Mnxavikf Peuotwv 13



Duoikf epunveia TnNG e§icwong evépyelag | seee
eoo
Au? A o0
L paz+ B P TS g o
29 Y 9 49
p Vi p V;
(—1+u1—1 +zl) + h, = (—2+m2—2+zz) + he + hy
Y 28 Y 28
pI‘ESSI:II'E head pump presm:lre head urbine head
velocity head | + = | velocityhead | + +
+ head + head loss
elevation head /, elevation head /,
W .
PUPpS 1 (_» Wturbinﬂs-
T .
l cvy/ Efow

A <
Ehead loss

L r L F
L b

Energy into _ Energy out of CV
CVbyflow = by flow, turbines,
ANO-MMA and pumps and head loss 14




2Uvown TNnG £€iocwoNG EVEPYEIOG

Description

The energy equation has

only one form.

Major assumptions:

Steady state; no energy
accumulation in CV.
The CV has one inlet
and one outlet.
Constant density flow.
All thermal energy
terms (except for head
loss) can be neglected.
Streamlines are
straight and parallel at
each section.
Temperature is
constant across each
section.

AMNOG-MMA

(

(5

Equation

=2

V
ﬂ+ﬂ1_l+zl
Y 2g
2

Vv
&+ﬂ2_2+22
28

)t -

)+h,+hL

Eq. (7.29)

Mnxavikf Peuotwv

000
0000
[ X X X
[ XX
| X
o
Terms
p 72 energy/weight transported
(— + a 2% +Z) = into or out of cv = total head
Y

by fluid flow

ply = pressure head at cs (m)
2
o E = velocity head at cs (m)

(e = kinetic energy (KE) correction factor at cs)

(a0 = 1.0 for turbulent flow)

(a0 = 1.0 for nozzles)

(o = 2.0 for full-developed laminar flow in round pipe)
z = elevation head at ¢s (m)

h, = head added by a pump (m)
h, = head removed by a turbine (m)
h; = head loss (m)
(to predict head loss, apply Eq. (10.45))

15



y 4 r y o000
ATTO000N AVTAIOG KOI OVEMOYEVVATPIOG eoeo
1000 J/ 750 1/ 450 J/ e
Electric § | Electric i 5 |Moving o0
grid motor fluid o
Moving | 1000J/s | Wwind | 360 J/s |Electrical | 324 J/S |Electric
air turbine generator grid

In this example, the efficiency of the electric motor is

Nmotor = (750 J/s)/(1000 J/s) = 0.75 = 75%
Similarly, the efficiency of the pump is

Mpump = (450 J/5)/(750 J/s) = 0.60 = 60%
and the combined efficiency is

TMcombined = (450 ]/S)/(IOOO I/S) =045 = 45%

The efficiency of the wind turbine is
MNwind turbine = (360 J/s)/(1000 J/s) = 0.36 = 36%
The efficiency of the electric generator is
Nelectric generator = (324 J/8)/(360 J/s) = 0.90 = 90%
The combined efficiency is

MNeombined = (324 ]/s)/(1000 J/s) = 0.324 = 32.4%

Description Equation

Pump P pump = Tlpumpp shaft
(7.33a)

Turbine

P shaft — Tlturbine P, turbine

(7.33b)
AMNO-MMNA

Terms

P

ump = power that the pump supplies

to the fluid (W)  [Pyymp, = rirgh, = yQh,]
Npump = €efficiency of pump ()
Pg.q = power that is supplied to the pump shaft (W)

Pyubine = power that the fluid supplies
to a turbine (W) [Prurbine = mght = ’Yth]
MNurbine = €efficiency of turbine ()
Py« = power that is supplied by the turbine shaft (W)

16



[Mogaderypa 3.21

Neo06 avrietol and mnydadl e my ponbera avriiog wou dwpipdletol oe deSone-
vi}. H vyouetou) dragopd touv vepot eivalz=96 m. H avtila Aertovoyel e xivn-
moa Loyvoc P=3800 W zau ovvteleorn) anddoong n=40 %. H ooy ™mc avtiiog
elvar 1,89 m¥/h. H 6gopongaoio tov vepou oto myyddt eivar 8,=15°C xau pe m)
BonBera pudg avriotaong Bepualvetar og Bepuoxrpaoia 8,=20°C gravovrag om
deEanevn). Na vroroyioBel 1o ®»aB0p0 mood BeQUOTTUC TOU TEOOPEQEL 1) CVTi-
otaon o€ yoovo t=1h. ‘Okec oL cwlvmoele £xovy Ty O dtarow]. H murvonya
tov vepou elvar 0=1000 kg/m? wou n e1dxy Beoudmyra eivan c,= 4200 J/keg K.

AMNO-MMA Mnyxavikr PeuoTtwyv
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[Magaderypa 3.21

Nepo avriefral amd myyddl pe my pondera aviiiog »ow dwaPipdaletan o deEape-
vi. H vyopetornn) dagopd tov vepou eivalz=96 m. H avtila Aettovoyel e ®ivn-
moa Loyvog P=3800 W ral ovvteleon) anddoong n=40 %. H mapoyr) me aviiiag
elvar 1,89 m¥h. H Bepuoxoaoio tov vepol oto myyddt eival 6,=15"C oL pe m
PonBera pudg avriotaong Beopalvetar og Bepuoxrpaota 8,=20"C gravovrag ot

deZapevn. Na vroroyiofel to ®ob0p0 mood BeQUOTTUC TOU TEOOPEQEL 1) CIVTI-
otaon o€ yoovo = 1h. ‘Okec oL cwinvaoelg £xouy Ty O dwarouy). H munvomta

Avon

Ta cowe Tov ovonjuatog oto omoio Ba egapuooet 1 eElomon dationone m™c

tov vepov elvar 0=1000 kg/m? o 1 e1dur] Bepudmra eivan cp=4200 J/kg K. @ A2
: wy = Ah + 2

evépyelag opllovral pe ) SLOREROUEVT YOOI TOV TUOUTAEUOMC ZyquaToc. ¢

PN TV VTOAOYIOUWY YONOUWOTOLEITOL L0 O AEITOVOYICC, OTOTE O OYHOC TOU

TeQLAAUPavovTOL 0TO VTOAOYILOUEVO OO0 Bepuotytac. Ze 1 hnpdla tov ave
UEVOU VEQOU £lvail

m = oV = 1000 kg/m? x 1,89 m* = 1890 kg.

To moo6 Bepudmrag vroroyiCetal e ) fofbera g eElomaong (3.125), agou
OA0L oL 6poL ¢ eElomang molarmhaoiacBoly pe v ualo tov vypov. Kdabe 6poc
vrtohoyiletal ymoLoTd m¢ eENe:

o. YToloyiouoc tne uetafolnc e ovvauxic eveépyetac

mgz = 1890kg x 10 m/s* X 96 m = 1814 kJ.

— + gk
: A
________ i

i

I

I

i

| h

i

I

g1

|

I

I




A2
2

g—ws=Ah + + gz

Yroloyiouog e nerafolrjc tne xivnrixnc evépyeias

O tayvonreg ®ow ong Ovo BEoelg elvar UNOEY o OVVETME 1) LETAPOM] HiviyTL-

NG eVEQYELUC Elval UNOEY. W, (+) : mopéiyet evépyeia

070 TePPArov, Y.
oTpOPLAOG KIVOOLEVOG

W = Pm = 3800 W x 3600 s X 0.4 = 5472 kJ. oo pEReTo

W, () : avtAio Tov
KOTOVOADVEL £PYO OO
T0 MePLPAALOV KoL TO
TPOGPEPEL GTO PEVGTO

Yroloyiouog tov mpooqeoouevov £oyov

Yroloyiouoc nerapolic evBaimiac

AH = me, (T,-T,) = 1890 kg x 4200 J/kg - KX 5 K = 396!

Enougvme, 1 Bepuomta wouv mpoogEQOuY Ol GVTL

O = 1814 + 39690 + 0 =5472 = 36032 kJ.

HOELS ElVaL

AMNO-MMA Mnyxavikr PeuoTtwyv 19



IMagaderyna 3.22

H gheBeon emgdvela tov vepov o mia avoryt| OeEanevy evoloxetal o MPpog
z,=100 m. Ze tpog z,=0,5 m ard Tov mubuEva ™ deEapeVic vITaEyEL 0QWLGVTLOC
aymyoc amoons vepou dapeétpov d=20 cm. Edv ou amwieleg evEQyelag AOYm
TOIpWV HEoa otov aywyo elvarh, =2,0 m, va vroroylobel o puBude exporig nalag
veEOU amrd 10 d#o Tov aymyol. H murvdtra tov vepou eivar 0=1000 kg/m? %o
N aTpoogaloLxy] wileon) eival p_ =100 kN/m?.

AMNO-MMA Mnyxavikr PeuoTtwyv
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Iopaderyna 3.22

000
- - - - r € # » s ‘ . . .
H sheuﬁegn eMLPAVELDL TOV YEQOU O Mia avoryt) deEauevy) evplonetal og Mpog 0000
=100 m. e vpog z,=0,5 m ard Tov mubuEva ™ deEapevic vy EL 0QWLOVTLOS 00
ayYOg amoonc vepou duapgtoor d=20 cm. Edv o amwheleg eveéQyelag AOym :.
TOIpWV HEoa otov aywyo elvarh, =2,0 m, va vroroylobel o puBude exporig nalag
veEOU amrd 10 d#o Tov aymyol. H murvdtra tov vepou eivar 0=1000 kg/m? %o
N aTpoogaloLxy] wileon) eival p_ =100 kN/m?.
Avonm
oy ) ) ) . Au? A W i,
H eomtepin evépyela tov vepol dev netapdiietal, edv vroBéoovue ale- + Az + P L
MtEa ) dlapopd Bepuroxrpaoloc e ndlag Tov vepou oty £€2000. H eE(- Z

29 Y

OWOoN TG EVEQYELUS NETAED TNC eAeVOEONC EMUPAVELRS TOV VEQOU Ot deEU-
WEVY RCL TOU AHOOV TOV aymyou elval

P2

=2
o U uy (P1+a"2/1+zl)+h"=(+a2
;Z+£+zl=/ﬁ'z/+_“+22+h;_ K g Y
Y V%

N

h+zz)+h£+h[,
2g

AMNO-MMA Mnyxavikr PeuoTtwyv
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Iopaderyna 3.22

000
- - - - # T # - s ‘ . . .
H sheuﬁegn eMLPAVELDL TOV YEQOU O Mia avoryt) deEauevy) evplonetal og Mpog 0000
=100 m. e vpog z,=0,5 m ard Tov mubuEva ™ deEapevic vy EL 0QWLOVTLOS 00
ayYOg amoonc vepou duapgtoor d=20 cm. Edv o amwheleg eveéQyelag AOym :.
TOIpWV HEoa otov aywyo elvarh, =2,0 m, va vroroylobel o puBude exporig nalag
veEOU amrd 10 d#o Tov aymyol. H murvdtra tov vepou eivar 0=1000 kg/m? %o
N aTpoogaloLxy] wileon) eival p_ =100 kN/m?.
Avonm
oy ) ) ) . Au? A W i,
H eomtepin evépyela tov vepol dev netapdiietal, edv vroBéoovue ale- + Az + P L
MtEa ) dlapopd Bepuroxrpaoloc e ndlag Tov vepou oty £€2000. H eE(- ) g Z % Q' / g

OWOoN TG EVEQYELUS NETAED TNC eAeVOEONC EMUPAVELRS TOV VEQOU Ot deEU-
WEVY RCL TOU AHOOV TOV aymyou elval

—2
;Z+£+zl=/ﬁ'z+_2+22+h;_ K g Y
Y v

H taydmto tov vepor oty eAeBepn £migpavels tov vepoul ¢ deSauevng p—
£(VOL AUEMNTEQ %O 1) TUEOT) OTO ONUELD CUTO EIVOL 1] ATHOOPULOLAY, OO 1 =0 %ol

P{=P e H RATA TOU VEQOU TTOV 1Y UVETOL 0TS TO GO0 TOV (rywyoU evpioneTaL

ETTLONG VIO ATUOOWALQUXY TTieoN), p,=p, . . "ETol 1 mponyoiuevy eElowon amho-

TOLE [TCLL 0T OGP l_

uf - [

7= 5 +zo+hp=ur=V2(z1-z2-hy)
8§

= V2% 9,81 m/s>x (100 — 0,5 — 2,0) m= 43,7 m/s

AMNO-MMA Mnyxavikr PeuoTtwyv
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Iopaderyna 3.22

000
- - - - # T # - s ‘ . . .
H aheuﬂegn eMLPAVELDL TOV YEQOU O Mia avoryt) deEauevy) evplonetal og Mpog 0000
=100 m. e vpog z,=0,5 m ard Tov mubuEva ™ deEapevic vy EL 0QWLOVTLOS 00
ayYOg amoonc vepou duapgtoor d=20 cm. Edv o amwheleg eveéQyelag AOym :.
TOIpWV HEoa otov aywyo elvarh, =2,0 m, va vroroylobel o puBude exporig nalag
veEOU amrd 10 d#o Tov aymyol. H murvdtra tov vepou eivar 0=1000 kg/m? %o
N aTpoogaloLxy] wileon) eival p_ =100 kN/m?.
Avonm
oy ) ) ) . Au? A W i,
H gowmtepinn) evépyela tov vepou dev petapdrietal, edyv vrobéoovue aue- + Az + P L
MtEa ) dlapopd Bepuroxrpaoloc e ndlag Tov vepou oty £€2000. H eE(- ) g Z % H / g

OWOoN TG EVEQYELUS NETAED TNC eAeVOEONC EMUPAVELRS TOV VEQOU Ot deEU-
WEVY RCL TOU AHOOV TOV aymyou elval
P2

—2
2
;Z+%+Zl=/;)z+—"+22+hf_ Ll £ ke
Y vy X

H taydmto tov vepor oty eAeBepn £migpavels tov vepoul ¢ deSauevng p—
£(VOL AUEMNTEQ %O 1) TUEOT) OTO ONUELD CUTO EIVOL 1] ATHOOPULOLAY, OO 1 =0 %ol

P{=P e H RATA TOU VEQOU TTOV 1Y UVETOL 0TS TO GO0 TOV (rywyoU evpioneTaL

ETTLONG VIO ATUOOWALQUXY TTieoN), p,=p, . . "ETol 1 mponyoiuevy eElowon amho-

TOLE [TCLL 0T OGP l_

uf . [

7= 5 +zo+hp=ur=V2(z1-z2-hy)
8§

= V2% 9,81 m/s>x (100 — 0,5 — 2,0) m= 43,7 m/s

O ovBuog por|¢ nalag Tov vepov vrohoy(Ceton amd Ty eEI0MON TS OUVEYELAS:

. 2 2.2
= oud = our e 4= 1000 K& 43,7M 314002 M° _ 4555 o
4 n]3 5 4
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000
000
Teyvnm) AMuvn mapgyel vepd ne ovbuo m =103 kg/s naw #ivel vdpootpoftho. OL eee
ayYol LETAPOOAC TOV VEQOU £youy v (O duatouny. H notaxrdpugn andotaon :.
Tov o1eofihov and Tov muBuéva e Auvng etval =500 m. H nleon otov muOne-

va e Mpvng etvan p, =500 kPa zaw apgomg petd tov otpoprro eivar p,=120 kPa.
Ou ammhereg eveQYELag AOYm TOPMOV HETAED TV TaQamdvm BEoewy gtvar W, =80
kW. Na vrohoyroBovv: (a) H aoviun wyic tov otpofthov wau () H avEnon g
Bepuonrpaolac tov vepol AT. H munvomta tov vepou elvar o= 1000 kg/m? »aw 1
eld1] Beondm o Vo otaben migon elval (TP=42U(] J/kgK.

Avon
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[lopaoerypa 3.23 (XYY
- eeeo
- - A - - “ . - Ay A ‘ . ‘ .
Teyvnm) AMuvn mapgyel vepd ne ovbuo m =103 kg/s naw #ivet vopootoofitho. OL eee
ayYol LETAPOOAC TOV VEQOU £youy v (O duatouny. H notaxrdpugn andotaon :.
Tov o1eofihov and Tov muBuéva e Auvng etval =500 m. H nleon otov muOne-

va e Mpvng etvan p, =500 kPa zaw apgomg petd tov otpoprro eivar p,=120 kPa.
Ou ammhereg eveQYELag AOYm TOPMOV HETAED TV TaQamdvm BEoewy gtvar W, =80
kW. Na vrohoyroBovv: (a) H aoviun wyic tov otpofthov wau () H avEnon g
Bepuonrpaolac tov vepol AT. H munvomta tov vepou elvar o= 1000 kg/m? »aw 1
eld1] Beondm o Vo otaben migon elval (TP=42U(] J/kgK.

Avon

a. O oyrog eréyyov meorhaupPavel Tov aymyo ugyot m 6€on (1) #atw tov oteopho
ugyor ) 6€om (2). Epoaopoyn mg eEtomong (3.129) petagi twv Béoemv (1) non
(2) now pe dedopEvo OtL 1 tautnro. 0ev alhalel AOym otaBenS dlatome,

OlvVEL: o
AV

—+ g + AP w; + w=0 /
2 0 ‘

A2 . = .

AUZ y Az B2 ML —
2 v & 8
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. | 000
%g&z + APy w, 4+ w=0 cece
2 0 ‘ o000

P2=pP1 oo
g + 5 +wr +wg=10 ®
Av 1 mponyouvuevy eELOMON morlamhaoloBel pe tov ouuo pone nalog
TOOAVTTEL
' D p Wi (+) : mapdayetl evépyeta
7 — 1 1712 e o710 epBEALOV, LY.
WS— = m _gﬁz -h L oTpOPLAOG KIVOULLEVOG
Q oo peVoTod
N _ 1OT : y =31 Vel Wi (-) : avThiio mov
ApLOuN T avTLHOTAOTAON 0TV TOQATAVM eE0MON OIVEL: oo 10 s
- _ _ 113 T0 TEPLPAALOV KO TO
W =103 x'(i"}“ - 120)x 107 _ g g7 x (_500)] ~80 x 103=52 MW 7Posoépa oto pevors
b 13
10
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. | 000
%g&z + APy w, 4+ w=0 cece
2 0 ‘ YY)

P2—P1 : o o0
g + +wr,+wg=0 ®
Q
Av 1 mponyouvuevy eELOMON morlamhaoloBel pe tov ouuo pone nalog
TOOAVTTEL
: P P Wi (+) : mapdayetl evépyeta
; 172 P 5 X
WS‘ = m —g Azl — H’L oTO ’neplﬁ(xMov’, Y,
: < oTpOPLAOG KIVOULLEVOG
Q oo peVoTod
ApBunTny avTratdoTao) oty Teeardve eElcwmon OlveL: Wi () - avthia mov

KATOVOADVEL EPYO OO
T0 TEPLPAALOV KO TO

li;:l@%'bm - 123) x10° gy« (_500)] _ 80 x 103=52 MW 70000épe oto pevoto
10-
B. AvumoB€oouvue o111 001 £lval adlaPatiny), OAEC Ol ITWAELES EVEQYELOC UETL-
TO€movTal 0 BepuUoTTa e AmOTEAECIA TV avinpmon T Bepuoroaoiog Tov
vepov. Erougvmg €youvue

W 80 x 103kW

WL=n71CpﬁT:>ﬁT= — =
mc,  107kg/s x 4200 J/kg-K

= 0,019 K
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Iapaderyna 3.24

Na vtohoyioBel 1 1oyvc avtilag mov Aettovoyel pe anodoon n=80% €10l 1OTE vV
TaOEYEL Vel pe ovoud V=30 lt/s andé v avoryty deEaueviy (1) omy avouyti
OeCauevn) (2) omwg galvetar 0to durhavo Zynua. Ou ammAELES TOV CLVOTHUATOS
enTOC TC avtilag etvan 12 12/2g. H vpouetoun] dagood e ehetBeonc otdiunc
TOL VEQOU OTLE V0 deSapueveg elval =12 m. Ou aywyol elvol ™ 1dlag draTounc
ue Suduetpo d=15 cm o 1 wurvéTyTa Tov vepou eivarl o= 1000 kg/m?.

Avon

=)
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Avon)

000
OcwpEole W OYHO EAEYYOU, TOV OY®O OV JEQLAUUPAVEL OAO TO VEQO TV MO ::::
deEapevav. H taytmnta 0o tou vepou atoug CmMVES eival 'Y X )
. ‘ ‘s Y )
_ 10-3m° o
; _V_ 4[/;=4x30x10 ﬂ111’;“5,: 1.7 m/s
S mds 3,14 x0,15°m*
Ou andreleg eVEQYELOC OUUGQOVE NE ToL Oedopuéva Ttov tpofijuatog dldovtal
og MPpog p€ovtog PEVOTOV. AV TOMATACOLOB0UY UE ¢ YIVOVIOL OTWAELES GV
novada natac. "Erol £youvne
Wi .12 u” _ J Ay, 2 .
hy=—"=w=h-g W= y 17-34]{— Llgt gz + & wy + w,=0
g g b . 0 A
Av ggaonoocovue v eglomon (3.129) uetall twv Boemv (1) nor (2) nou ne
dedopgvo Ot oty ehevBepn empdvele tov veQoyw LoyveEl 1T, =0,=0 #al
PL=P2=P g EXOVHE
Wy = —wp, —gh = an»tjg =-m (wp, +gh)= Pg= —QV(1-1-;r_ + gh)
3 W, (+) : mapayetl evépyeta
= 103K 4 305103 (1734 4 981 M 12 m)=4.05 kW 670 TEPAANOY, T,
m S kg s oTPOPLAOC KIVOVLLEVOG

amo PEVOTO
To avnTrd onueio SNAMVEL OTL LOYUS TEOOPEQETAL UG TNV UVTALCL OTO VEQO. () : ayzhia mov
Emeld 1 anddoon e avriiog eivar 80 % woyiel KOTOVOADVEL £PYO 0o
10 TEPIPAALOV Kot TO
P p TPOGPEPEL GTO PEVGTO
=08 = Pyyn = —2 =2 = 5,06 kW
Psor 0,8 0,8
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Problem Statement

At the maximum rate of power generation, a small hydro-
electric power plant takes a discharge of 14.1 m?/s through

an elevation drop of 61 m. The head loss through the intakes,
penstock, and outlet works is 1.5 m. The combined efficiency
of the turbine and electrical generator is 87%. What is the rate
of power generation?

Elevation = 61 m

Penstock

Powerhouse

T/ Elevation = 0
/ —

Turbine

Define the Situation

A small hydroelectric plant is producing electrical power:
« Combined head loss: h; = 1.5m
+ Combined efficiency (turbine/generator): = 0.87

Properties: Water (10°C, 1 atm, Table A.5): y = 9810 N/m’

il

@

0= 14.1 m/s
Turbine/
/ generator

LY ®—' pawm

6l m

'

==

.
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Problem Statement

At the maximum rate of power generation, a small hydro-
electric power plant takes a discharge of 14.1 m*/s through

an elevation drop of 61 m. The head loss through the intakes,
penstock, and outlet works is 1.5 m. The combined efficiency
of the turbine and electrical generator is 87%. What is the rate
of power generation?

Elevation = 61 m

Penstock

Powerhouse

Elevation =0

L 7

Turbine

Define the Situation

A small hydroelectric plant is producing electrical power:
« Combined head loss: h; = 1.5m
» Combined efficiency (turbine/generator): v = 0.87

Properties: Water (10°C, 1 atm, Table A.5): y = 9810 N/m®

0 =14.1 m3s

61 m
Turbine/
/ generator
¥ ®— patum
=

Take Action (Execute the Plan)
1. Energy equation (general form):

—
&+ﬂ1£+zl +hp=P_2+“2E+zz+hr+hL
Y 28 Y 28
2. Term-by-term analysis:

» Velocity heads are negligible because V, = 0 and
V, = 0.

» Pressure heads are zero because p; = p, = 0 gage.

+ h, = 0 because there is no pump in the system.

« Elevation head terms are given.

3. Combine steps 1 and 2:
hy=(z —2z)—h
= (61l m) — (1.5m) = 59.5m
Physics: Head supplied to the turbine (59.5 m) is equal

to the net elevation change of the dam (61 m) minus the
head loss (1.5 m).

4. Power equation:
Pioput to turbine = YQh; = (9810 N/m’)(14.1 m*/s)(59.5 m)
= 8.23 MW
5. Efficiency equation:

Puutputfmm generator = 'T]Pi.nput to turbine — D-B?(Bz-.‘} Mw}
= 7.16 MW
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EXAMPLE 7.5

Applying the Energy and Momentum Equations to Find
Force on a Pipe Contraction

Problem Statement

A pipe 30 cm in diameter carries water (10°C, 250 kPa) ata
rate of 0.707 m’/s. The pipe contracts to a diameter of 20 cm.
The head loss through the contraction is given by

VZ

28
where V; is the velocity in the 20 cm pipe. What horizontal
force is required to hold the transition in place? Assume the

kinetic energy correction factor is 1.0 at both the inlet and exit.

Define the Situation

Water flows through a contraction.

. 011=0|'.2=1.0

« hy=0.1(V%(Q2g))

— . - —
H,0 ‘ 0=0.707 m3s
|
D,=03m D,=02m

p1 = 250kPa gage  p, = unknown

Properties: Water (10°C, 1 atm, Table A.5): y = 9810 N/m’
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EXAMPLE 7.5 « Write the x direction momentum equation: . . ‘

Applying the Energy and Momentum Equations to Find _ — AT o
Force on a Pipe Contraction sk = ikl o A = Y = 000
» Rearrange to give o000

Problem Statement C X
. e £T1 . Q F, = pQ(V, — V1) + pA; — piA;
A pipe 30 cm in diameter carries water (10°C, 250 kPa) ata Y )
rate of 0.707 m’/s. The pipe contracts to a diameter of 20 cm. 2. Energy equation (from section 1 to section 2):
The head loss through the contraction is given by o Letay = o, =1,2, = 2, and b, = b, = 0. o
V2 « Eq. (7.29) simplifies to
hy = ().12—2 & g
g & + L]l = & + L% + h
where V; is the velocity in the 20 cm pipe. What horizontal Yy 2 vy 28
force is required to hold the transition in place? Assume the
kinetic energy correction factor is 1.0 at both the inlet and exit. + Rearrange to give
2 2
Define the Situation Pr=p— y(% AT + h,_)
g 28

Water flows through a contraction.

_ 3. Pressure at section 2:
sy =0,=10

o b= 0.1(VZ(2g)) « Find velocities using the flow rate equation:

0.707 m’
Vii=ia = Y707mie > = 10m/s
Ay (mw/4) X (0.3m)
= 0.707 m’
H,0 O—/ 0=0.707 m¥s - Q_ m’/s -~ 225mis
‘ A, (w/4) X (0.2m)
® ® « Calculate head loss:
D,=03m D,=02m X s
p =250kPa gage  p, = unknown b= 0.1V; 01X (22.5mfs)” P
L= = S = 258m
2g 2 X (9.81 m/s?)
Properties: Water (10°C, 1 atm, Table A.5): y = 9810 N/m®
« Calculate pressure:
State the Goal 3 3
. . . - i _vi
F,(N) «= horizontal force acting on the contraction pr=p1— ‘y( 2% = 2% + hl_)
Generate Ideas and Make a Plan = 250 kPa — 9.81 kN/m’®
Because force is the goal, start with the momentum equation. (22.5 m/s) (10 m/s)?
To solve the momentum equation, we need p,. Find this with 2(9.81 mls?) 3 (9.81 m/s) +2.58m

the energy equation. The step-by-step plan is as follows:
= 21.6 kPa

1. Derive an equation for F, by applying the momentum 4. Calculate F;

equation.

2. Derive an equation for p, by applying the energy equation. E.=pQ(V2 = V) + pAy — piy

3. Calculate p,. = (1000 kg/m*)(0.707 m*/s)(22.5 — 10)(m/s)

4. Calculate F,. (0.2 m)?

+ (21,600 Pa) (f) — (250,000 Pa)
Take Action (Execute the Plan) a
. (0.3 m)
1. Momentum equation: X B —

« Sketch a force diagram and a momentum diagram:
= (8837 + 677 — 17,670)N = —8.16kN

(Cs—bF
T - - ‘Fx:S.lﬁkNactingtotheleft
AMNO-MMA — i— - —.f [ 33
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YOPOAUAIKN YPOMMN KOI YPOUMI EVEQPYEIOG | eeee

o000
The Hydraulic and Energy Grade Lines ool

velocity pressure ) (elevation ) Vi o p ( total)
= + + —aqa— 4+ +z=
EGL ( head ) ( head head « 2¢ Y 2 head

pressure elevation) % (piezometric)
HGL ( head ) ( head y head

EGL

Abrupt rise in

1. In a lake or reservoir, the HGL and EGL will coincide with the liquid surface. Also, both EGL equal
the HGL and EGL will indicate piezometric head. to,

HGL
2. A pump causes an abrupt rise in the EGL and HGL by adding energy to the flow. For ~ ———_ 77—
example, see Figure 7.12. - Pump
3. For steady flow in a pipe of constant diameter and wall roughness, the slope (Ah;/A;) of — f

the EGL and the HGL will be constant. For examples, see Figures 7.11 to 7.13.
4. Locate the HGL below the EGL by a distance of the velocity head (aV?/2g). < —
5. The height of the EGL decreases in the flow direction unless a pump is present. Lowen

AMO-MMNA Mnxavikn PeuoTtwv il




YSpauAIKn YPAMUA Kl YPOUUN EVEPYEING | eses

MNapadeiypata aa
2 o EGL Allijglfte;j:ﬂjn \—K

|||L

—_——
—_——
—_—
—_
—_—

OF——
/ \ A
r /S /= T
Piezometer// ) Rise in EGL and HGL due to pump.
z, Stagnation tube 2
Datum
HGL and EGL
EGL and HGL in a straight pipe. EGL

e —

h,, head given
r .
up to turbine

Drop in EGL and HGL due to turbine.

Gradual expansion of conduit allows
kinetic energy to be converted to pressure
head with much smaller #; at the outlet;
hence, the HGL approaches the EGL.

AMNOG-MMA



YOpauAIKN YypauMN Kal YPOUHN EVEPYEIQG | esee

NapadeiyuaTa 13
HGL‘/andEGL EGL

2
Largeg because

smaller pipe here

Steeper EGL and HGL
because greater /.

per length of pipe Change in EGL and HGL due to

Head loss change in diameter of pipe.
at outlet
)4 EGL and HGL
¥ Sy X
N — —

HGL and EGL p p
EGL Positive — Negative -

N 2
HGL \\ Lz — v increases because

2z
2 ; .
\\ f diameter of conduit decreases

causing V to increase.

—_— - HGL
%3 > "“\{
.

Change in HGL and EGL due to flow through a nozzle. Subatmospheric pressure when pipe is
above HGL.




EXAMPLE 7.6

Sketching the EGL and HGL for a Piping System

Problem Statement

A pump draws water (50°F) from a reservoir, where the water
surface elevation is 520 ft, and forces the water through a pipe
5000 ft long and 1 ft in diameter. This pipe then discharges the
water into a reservoir with water surface elevation of 620 ft. The
flow rate is 7.85 cfs, and the head loss in the pipe is given by

-l

Determine the head supplied by the pump, k,, and the power
supplied to the flow, and draw the HGL and EGL for the
system. Assume that the pipe is horizontal and is 510 ft in
elevation.

AMNOG-MMA

Define the Situation

Water is pumped from a lower reservoir to a higher reservoir.

n=oa(p)(3)

« Properties: Water (50°F, 1 atm, Table A.5): y = 62.4 Ibf/ft’

L {(2)2,=620 ft

O —
Pipe, D=1 ft

p—— L = 5000 ft ——

Mnyxavikr PeuoTtwyv 37



State the Goals
1. hy,(ft) e= pump head
2. P(hp) == power supplied by the pump
3. Draw the HGL and the EGL.

Generate Ideas and Make a Plan
Because pump head and power are goals, apply the energy
equation and the power equation, respectively. The step-by-
step plan is as follows:

1. Locate section 1 and section 2 at the top of the reservoirs

(see sketch). Then, apply the energy equation (7.29).
2. Calculate terms in the energy equation.
3. Calculate power using the power equation (7.30a).

4. Draw the HGL and EGL.

Take Action (Execute the Plan)

1. Energy equation (general form):
2 =2
i E+zl+hp=&+azﬁ+z2+hf+h,g
28
« Velocity heads are negligible because V; = 0 and

V, =~ 0.
« Pressure heads are zero because p, = p, = 0 gage.
« h; = 0 because there are no turbines in the system.

hp =(—z)+h

Interpretation: Head supplied by the pump provides
the energy to lift the fluid to a higher elevation plus the

energy to overcome head loss.

2. Calculations:
« Calculate V using the flow rate equation:

7.85 ft*
Q_ 785805 _ 14 fus

TA (@aafy?

« Calculate head loss:
L\( V? 5000 ft (10 ft/s)* : : : :
b =001\ = )| =) =0.01 .
D/\2g LOft /\2 X (32.2 fi/s?) 'YX K
= 77.6ft (| X )
o

« Calculate hP:
hy = (2, — z1) + by = (620 ft — 520 ft) + 77.6 ft = |178 ft

3. Power:

. 62.41bf\ [ 7.85 hp - ¢

WP:YQhP:( fe )( g )(1781?0(550&,115{)
= 159 hp|

4. HGL and EGL:
« From Tip 1 in the preceding section, locate the HGL

and EGL along the reservoir surfaces.
 From Tip 2, sketch in a head rise of 178 ft

corresponding to the pump.
« From Tip 3, sketch the EGL from the pump outlet to

the reservoir surface. Use the fact that the head loss is
77.6 ft. Also, sketch EGL from the reservoir on the left
to the pump inlet. Show a small head loss.

« From Tip 4, sketch the HGL below the EGL by a

distance of V*/2g =~ 1.6 ft.
« From Tip 5, check the sketches to ensure that EGL

and HGL are decreasing in the direction of flow
(except at the pump).

The sketch follows. The HGL is shown as a dashed black
line. The EGL is shown as a solid blue line.

s EGL )
;"‘I.‘: h,= 178 ft ;\{GL" T v 3
' 38
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000
0000
/4 | 4 o000
EmoavainmTTiKES 0GKNGELS 3T
o
Métpnon Tng ToyvINTOS EVOS VYPOV
>nueio 2: Znueio avakomngu = 0 N
10 uypd
[Tieon kpovong — Avvapikn mieon
aveBalel To vypo kotd Az ; T N
Oyt Tpryoedon orvopevo — LEYAAT OLOTOUT] GOANVA 1 l s 77 l )
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000
0000
/4 | 4 o000
EmoavainmTTiKES 0GKNGELS 3T
o
Métpnon Tng ToyvINTOS EVOS VYPOV
>nueio 2: Znueio avakomngu = 0 N
10 uypd
[Tieon kpovong — Avvapikn mieon
aveBalel To vypo kotd Az ; T N
Oyt Tpryoedon orvopevo — LEYAAT OLOTOUT] GOANVA 1 l s 77 l )
P P T2 = i
&+_1_|_ 1=£+_2+ZZ Z1 )
29 v 29 v p
1
—=h
=,
;—;+h=h+Az=>u1=w/2gAZ &=h+42
4
Uy = 0
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EmovoAATIKES 0OKNGELS

YOMVOS LETAPEPEL VEPO OO TNV TAVE®

\2) l 2m oty KAt degapev. Av 1) Tapoyn eivat

1 lit/sec, va voAoy16TOOV 01 ATMOAELEC
ce m ko Watt

AMNO-MMA Mnxavikf Peuotwv
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EravoinmTikéS 06K oEG i

,,,,, YOANVOG HETAPEPEL VEPO A0 TNV TAV®

\2) l 2m oty KAt degapev. Av 1) Tapoyn eivat

1 lit/sec, va voAoy16TOOV 01 ATMOAELEC
ce m Ko Watt

u2 A w, W
+Az W L ’9/]
/g \
Az = H, = = H; =20m

P1 =DP2 = Pam = 4Ap =0

W, =H;,-g=196,2 Watt
/N

Az =20m ﬁ@=WL'm=WL'p'Q

A = A, emeldn Q = uA; = A, =
N =H,-g-p-Q=v-Q Hy
u

=2 U = Uy >—=0

2 = (20m) - (9,81 m/52> +1000 (kg/mg) : (0,0017”3/5)

ey
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ErovoinnTikeg acKneeag i

No vroroyiotel n Tieon e Atm GTOV EMIKPOVGTNHPA TOPTIANG, 1| OTTOlOL KIveitan pe
40m/sec og 10m Pdboc

v vepov 6ar.=1,100 kp/m?
Patm = mtieon ot)Ang vepov 10 m

10m
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000
| 4 | 4 0000
ERovoAATIKES 0GKNGELS 3T
oo
o0
o
Noa vroloyiotel | Tieon 6€ Atm GTOV EMIKPOVGTNPA TOPTIANG, 1| OTTOiOL KIveiTan pe
40m/sec og 10m Pdboc
Y vepod Bar.=1,100 kp/m3
Patm = migon otAng vepov 10 m
j 10m ) 5
4 + 2z, + P_A _ U +zp + P_B = moAMomAocldlm pely
. . 29 Yy 29 Y
A B;j )/4-02 p p
=Pz =
Zy = Zp 2g T A B
_ _iqm 1 402
s O,uA 40 /Sl 1_0Patm E-I_Zpatm = PB
Potm = 10y=>y=EPatm
P = 10,15P,,,,

1
PA =Patm +1Oy=Patm +101_0Patm = 2Patm

AMO-MMA Mnxavikf Peuotwv
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EmovoAATIKES 0GKNGELS

Hapdaderyno 1
Ayvoovtoc Tig
ATMOAELEG TPIPNC GTOV
aymyo, va o

VITOAOYLGTEL 1 107G
TOV VOPOGTPOPilov

AMNOG-MMA
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4 14 000
EmoavoinaTIKES AOKNGELS coe.
oo
Hapdaderyno 1 : O
Ayvoovtoc Tig
ATMOAELEG TPIPNC GTOV
aymyo, va o
VITOAOYLGTEL 1 107G
TOV VOPOGTPOPilov
P1 ui _ uf
Eliowon Evépyelag —+ 2z +-—=—+2, + -—+ Hy 2 102
14 29 v 29 Hom gz — 22 _ 30—
= — LT g T 2 % 9,81
P1 = P2 = Patm g !
u = 0

IGXl')g ava W?QHT = WT = 9810 - 0,0283 . 24,9 = 6,9 kW
povaoo, nalog 5
N Q = u,A, = 10™M/ - 7(0,03)2 = 0,0283™M°/;
\

Wr=Hp-g=Wp=Hp-g-m

Y .
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ERavoinaTIKEC OOKNGELS

No vroloyiotel n Iapoyn

AMNO-MMNA

AvtAio mop€yel Byog HA=50m c¢€ vepd mov
LETAPEPETOL UE Ay YO 10106 OUETPOV ATTO TO
(1) oto (2).

ITieon oto (1) = 60cm Hg 5

u
Anoielec omo6 (1) oto (2): H, =8 E
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ERavoinaTIKEC OOKNGELS

Noa vroroyiotei n Hapoyn

Pym =76 cmHg
k
y =1000"F/ ,

k
Yig = 13600 p/m3

000
o000
0000
AvtAio mop€yel Byog HA=50m c¢€ vepd mov :: °
LETAPEPETOL UE Ay YO 10106 OUETPOV ATTO TO o
(1) oto (2).
ITieon oto (1) = 60cm Hg .2
Anoielec omo6 (1) oto (2): H, =8 E
uf P1 U b2
_+Z1 +_+HA =_+Z2 +_+HL
29 14 29 14

Emeidbn Q = w14y = w4, | » U =u, =u

; - : : A1=A2
AUZ LAz 4 BP LM :
2 Y 8§ & Emiong p, = Parm =76 cm Hg
z;=0,z,=35m
2] p, U pi—p 4y g ((p1—p2
> —=4+50=35+—+8— > +15=— = —( )+15 =u
14 Yy 29 14 g 4 Y
3
=|lu = 5,611/, HapoX]ﬁQ=A-u=7TR2'u=0,275m/s
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