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Reynolds Transport Theorem
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dt dt / P / P
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Lagrangian Eulerian

Flow ), ] f p(vg-n)dA
-
= 10” x 3.048i-1 x (0.3658 x 6.096)
= 6.797 x 10° kg/s
Flow ), ] f p(vy-n)dA
o

= 10% x (—0.9144i)-i x (0.5486 x 6.096)
= —3.058 x 10° kg/s

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

g Energy into the system

| (by work or by heat transfer)

Amount of energy~_ |
in the system \4

|=—|

=
== _ — _\_:l\> Energy out of the system
(by work or by heat transfer)

1° Nouoc Ospuoovvouitkne

AE = Q - w
increase in amount of energy amount of energy dE ) .
energy stored ¢ = § that entered system p — that left system d_ =Q—-W
in the system by heat transfer due to work t
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‘Otav €va pevotd pgel amo €va onuelo 1 og €va onuelo 2, tote 1 evépyela
UETATOEMETAL QO ULt Lo 08 GAln. ‘Omme MO €yeL avageBel, o poogn
EVEQYELOC OV NAG EVOLOPEREL, E(VOL RUL 1) EFOTEQIRT] EVEQYELR. 2C E0WTEQLXN
EVEQYELX €VOC QevoToU, 0pILovHE T1) CUVOMMY] EVEQYELL TTOU £Y0UV OL OOUKES
novadeg oe dedoueves ovvnzec. Ou doxréc Hovadec umopel va elvor HooLoL, M
ATOUM %OL 1) EVEQYELL TOUS OPEIAETUL OF OYETIHES RIVNOELS (LETOPOQM, TTEOLOTOO-
@1}, O0VNON), EVOOLOQLUAA GUIVOUEVE, (TTUENVIXG, NAEATQOVIH ) HOL OLAUOQLULES
arinremdodoelc. H ecmtepinn evépyela Oev ival ETONOULO NEYEDOC, ahhd OVTE
woL evolagpeoel va netonBel. Exelvo mov evolagépel non pmopel va netonBel vl
oL netaporeéc me. "Etol opiletal o ®etdotaon avagopdg e E0WTEQLXY) EVEQ-
Vel UNOEY, O€ OYEON UE TNV omola, VTOAOYILETUL 1] ECMTEQXY] EVEQYELL OF OTOL-
adToTE GAAY HOTAOTAON.
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‘Epyo — 3 Katnyopieg sess

e Afoviko 'Epyo (Ws, shaft work): 1o £€pyo mov mapdyetal oo 10 pEVGTO (1] TPOCPEPETOL GTO PEVGTO)
tov OE, dwapécsov tunuartog g EE and v onoia dev cvpPaiver pony pevostov and tov OE

o W, (+) : mapdayet £pyo 610 mePPAALOV, T.Y. GTPOPILOG KIVOOUEVOS OO PEVGTO

e W, () : xatavalavel Epyo amnd to TEPIPAALOV KoL TO TPOGPEPEL GTO PELGTO (TL.Y. AVTAiQ)

e ’'Epyo Poncn Evépyera Ilicong (W, flow work): eivou to £pyo mov anmatteiton yio va tedel 10 pevoto
o€ Kivnomn yopic va petaPfindei o 6ykoc tov

dW_=F-dl=p-dA-dl =
aw dl

— T = p—dA= pudAd =

a PaTr

=>W_ = th_t-dz
EE

e 'Epyo owatunonc (W, shear work): etvai 1o £€pyo mwov amarteital yio va, vtepviknBoHv ot StoTunTikeg
TAGELS — UETATPETETOL GE LOPPT] EVEPYELNS TTOV OEV EIVAL TKAVT] VO TTAPBEYEL YPT|GLLUO £PYO

W=Ww+W_ +W,

AMNO-MMA
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dm _ ¥ - Apyn Awtipnong g Madag
i —ﬁthEpdV+jEEpudA

O j up dv + J upiidA AP Avemipnong g Oppii
dt It OE EE

PvBuodg avénong PvOuodc avénoncg PvOuodc ovvoAikng

e 6otntag N | = | ¢ dtotntag N | + exkpong tng N
TOVU OUGTNUATOC ueoa otov OE Sl ¢ EE
dN 9 v+ j =14 N: W16t ta
iyl B npu . . . .
dt 9t Jye P EE P n: Tyufq ™S N avd povaoo palog
dE O e: Evépyewo/ povaoa palog
— = — epdV+f epudA ) ) ;
dt 9t Jog EE Apyn Awrtiipnong e Evépyeag
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AE = Q - w | X J
o
increase in amount of energy amount of energy dE : M
energy stored ¢ = § thatentered system p — that left system = Q - W
in the system by heat transfer due to work d t

W =W +W +W
dQy dW dE dQy dw_ 9 | s Tt
—_— _ : —_ o

dt dt dt  dt dt 9t),;
dQy dWs dwp |9

dt di dr ot 0EepdV+jEEepudA ,

epdV + j ep udA
EE

=

9 P _ .-
= g € dV+fEE(e+;)pudA

PvBudg porg PvBuds mapaywynig PvBpuog PuBuog kabapng expong
Oepudtnrag Epyov amod Tov ] _ l OVaOWPEVATS n EVEpYELag amo
ard o TepBaAlov| O0YKoO EAEY YoV EVEPYELS TOV OYKO EAEy yov
OoTOV OYKO EAEY YOU oto mepLfallov oTOV OYKO ALY YoU 070 TEPLBAALOV
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e W= 0 (épyo drdtunonq) | dt Ot Jog p—
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‘Epyo atoAsiv 1

"Epyo AnoAier0v :

To WL yopoaktnpilel un avtioTpentéC dlepyaoieg

[o60epun pon:

AMNO-MMA

H pnyovikn evépyeto mov HETATPETETOL GE (U1 EKUETAAAEVGIUT LOPPT] EVEPYELNG,
OnA. Bepuotnra, n omoia: (1) eite amdyetor amd To GLGTNUA

(2) eite avEhvel TV ECOTEPIKN EVEPYELD TOV GUGTILOTOG

WL —> Ogpuotnra B — ‘Epyo avtiotpeng
dW = pdV dlepyaciog

WL — U (ecor. evépyela) L dW =pd (1)
P

l'am=1 p =

\’i‘lS

‘Epyo Mn - avtiotpentig o1Epyaciog

dW = pd (%) —dw,

Etval petopévo katd to €pyo anwiswwv dWiL

Mnxavikj PeuoTtwv 11



Ep'YO (17170);\81(0\’ (Yo po pn avtieTpenTi) otepyacio — 1° vopog)

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

p p \ 1 1
dU =dh—d|{=)= dU = dh — pd ——d
%pp pd(p) = 5l

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

= dq =dh—1/,dp~ dw,

PELGTO aoLUTiEGTO: p = oTad.

—

-

A
(oAokAnpwon) g = Ah — 719 - Wy

Au?
q—WS=Ah+T+gAZ

Ap u
:’Ah_?_WL_WszAh‘FT-i—gAZ:)
Auz Ap
3 +9AZ+7+WL+WS =0= ApdVTOG UE TO g
Ny W\ W . ,
= +iAz il S_0 Aw’cowcag MnKovg
29) \g| g o1 6pot TN e&icmonc
1 AN
"Yyog W,
Y , Y% h, =—
Vo5 [Tigong YOS LT

TovmTog Melopetpid AmoAeldv

"Yyog
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2VVTEAEGTIG OL0POMONG KIVIITIKNG EVEPYELOS | o

e XNV MEPIMTWOGT AVOLOIOLOPPNS POTI ¥PNCLULOTOLOVLE TO GLVIEAESTN)
O10pOmONGS KIVNTIKNG EVEPYELNC 0. TOL opileTan :

| 1 ., 1 _3 |
a—mL =a—pVAL =a—pAv” = |—pvdd=
2 2 £ 2 £ -E 2 £
3
l ¢fv
o a= 4 _f (gj d4  OloKApGOVOVTAC TO TPOPIA TOYVTHTOV
A

e Eninovo, omote Yoo VKOAIN, TPOGEYYION
e TvpPwongpon: a= (1,01 —1,10)

e XTPMTN POT GE KLAIVOPIKO ary®yo: o = 2
AlMNe-MnA Mnxavikj PeuoTtwv 13
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pressure head
velocity head
elevation head
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Au? Ap W,
—— +t4z + +
29 Yy 9 g

Vi
2g

Ws

+ 0

—2
+Zl) +hP= (%"'az‘;—gz""'Zz)

= | velocity head
elevation head /,

PO w ( Wturbines
G ,
A :_ CV_: Eﬂow
flow T\ .
Ehead loss
Energy into _ Energy out of CV
CV by flow ~ by flow, turbines,

and pumps and head loss

pressure head
pump) _ N <

+ h; + hy

turbine) N (head)
head loss
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[ X )
L
Description Equation Terms
The elnergy c;quation has P 72 energy/weight transported
only one form. (— + a 5 + Z) = into or out of cv = total head
Major assumptions: i 5 by fluid flow
e Steady state; no ener
accun):ula tion in CV.gy , 2 ply = pressure head at cs (m)
. 1 1 _ 52
¢ The CV has one inlet (‘y + oy 2 + zl) + h, = a~— = velocity head at cs (m)

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.

AMNO-MMA

&

) 23

—+0L2

2
%
—2+z2) +h + hy
28

Eq. (7.29)

28

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

(e = 1.0 for turbulent flow)

(a = 1.0 for nozzles)

(a0 = 2.0 for full-developed laminar flow in round pipe)
z = elevation head at cs (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))

Mnxavikj PeuoTtwv 15
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ATTo000nNn avTAIaG KAl AVEMOYEVVATPIOG eoeo
(N J

1000 J/ 750 J/ 450 J/ o9

Electric S | Electric 8 S |Moving [ X )
grid motor fluid o
Moving | 1000 J/s | wind | 360 J/s |Electrical | 324 J/s |Electric
air turbine generator grid

In this example, the efficiency of the electric motor is

= (750]/s)/(1000 J/s) = 0.75 = 75%

'nmotor

Similarly, the efficiency of the pump is

Npump = (450 J/s)/(750 J/s) = 0.60 = 60%

and the combined efficiency is

The efficiency of the wind turbine is

= (360 J/s)/(1000 J/s) = 0.36 = 36%

Mwind turbine

The efficiency of the electric generator is

= (324]Is)/(360]/s) = 0.90 = 90%

Melectric generator

The combined efficiency is

Neombined = (450 J/s)/(1000 J/s) = 0.45 = 45% Necombined = (324 ]/s)/(1000 J/s) = 0.324 = 32.4%
Description Equation Terms
Pump Poump = MNpumpPshatt Pyump = power that the pump supplies
(7.33a) to the fluid (W)  [Pyump = gh, = yQh,]
npump = efficiency of pump ()
Py.¢ = power that is supplied to the pump shaft (W)
Turbine P shaft — Tturbine P turbine P turbine — Powef that the ﬂuld SuPPIieS
(7.33b) to a turbine (W)  [Pybine = mgh, = YQh,]
AMne-Mna nturbme = efficiency of turbine () 16
Py = power that is supplied by the turbine shaft (W)



[Hopadevypa 3.21

Nep6 avrhettol amd mnyddl pue v pondela avriliog wot dwPipdletal oe deEaypie-
vi. H wpouetoxn diagopd tov vepou eivalz=96 m. H avtila hettovoyel pe #uvn-
moa oyvog P=3800 W xat ovvteheon arodoonc n=40 %. H maooyn) ™ aviilog
elvar 1,89 m¥h. H Beppnonoaoio Tov vepol oto mnyddt eival 0,=15"C »ow pne
PoriBera wdg avrlotaong Bepuaiveton oe Bepuonpaoia 6,=20°C grdavovrag ot

deEauevn). Na vroroyioBel to ®a8apd mood BeQUOTHTUC TOV TEOCPEQEL 1) GVTi-
otaon o€ yoovo = 1h. ‘Olec oL coinvmoele €xouv v O dtatopny. H murvomta

Avon

Ta oo Tov ovonjuartog oto omolo Bo eqpapuootel 1 eElomon duatienong ™mg
eVEQYELOLC 0QILOVTAL UE TN SLAEROUEVY] YOOI TOU TALQAUTAEVOME Zy\uatoc. ¢
Pon TV VITOAOYICIMY YONOULOTOLE (TCLL [LLCL (DO AEITOUQYILS, ONOTE O OYAOC TOY
avthoduevou vepou elivar 1,89 m’. MMibBavéc amwhetec evépyeiac Moym Toldv
nepLhauPavovtol oto vrrohoyiLone vo mooo Beppotnrac. Ze 1 h m ndla tov ayrhov-
LEVOL VEQOU €lvail

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

To moo6 Bepudmrag vroroytletan ne ) foribera e eEtomong (3.125), agot
OOl OL 6p0L TC ElOmONE mohhamhaoiaoBoly pe v udla tov vypov. Kdbe dpog
VTOAOYILETAL YELOTA ¢ EENC:

o Yroroyiouog e netaPorijc e dvvauxic eveépyelas

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

tov vepou elvar 0=1000 kg/m? ot 1 e1dun Bepudtyra elva cp=4200 J/kg K. @
: wy=Ah +

R
A
+ g
““““““““ .
|
|
_______________ |
N
n
M
I
i
| h
I
o
| E——
|
|




A2
2

g-wy=Ah + + gz

Yrmoloyiouoc e uerafiolric e xivntixnc evéoyetac

Ou tayvmreg nou otig Vo B€oeLg elvor UNOEV Rl OCUVETTMC 1) UETAPOAN ALV TL-

©NC EVEQYELUC ELVOL UNOEV. W, (+) : napbyer evépyeia
070 TEPIPAAAOV, T.Y.

oTPOPIAOG KIVOOUEVOC

W = Pm = 3800 W x 3600 s X 0.4 = 5472 kJ. e pEReTe

W, (-) : avtAia mov
KOTOVOADVEL EPYO OO
10 TEPIPAALOV KOl TO
TPOGPEPEL GTO PEVGTO

Yroloyiouog tov mpoogepouevou pyov

Yroloyiouoc uerapolic evBalmioc

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

Emougévme, 1 Bepuomta mov moos@EQouy Ol UvTlordoelC vl

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

AlMNe-MnA Mnxavikj PeuoTtwv 18



IHopaderyna 3.22

H ehevBeon emgdvero tov vepol oe pia avoryt) deEauevi) evolonetal g MPog
z,=100 m. Ze ¥pog z,=0,5 m oS Tov mubugva e OeEapevig vITdEyEL 0OIWEVTIOG
aywyog amopEonc vepol dtapétoov d=20 cm. Edv ol amwhieleg evéQyelag hoym
TOLpWV uEoa otov aywyd etvan /i, =2,0 m, va vroroylobel o Quiude expong nalag
veEOU amtd 10 4100 Tou aymyou. H muxvémyra tov vepou eivar o= 1000 kg/m? #at
1 atpoogaiowr swieon etvan p, =100 kN/m?

Avon

H gowtepnn) evépyela tov vepou dev pnetafdihetal, edv vmoB€éoovue opie-
Mt ) duapopd Beproxraoiog ™e nalag tov vepol omy £€2000. H €Ei-
OmOoN ™S EVEQYELUC HeTOED ™C eAeVUBEQENC ETLPAVELAC TOV VEQOU Ot deEa-
UEVY] ROL TOV GXROOV TOV aymYOoU elval

Au? Ap W, W,
—+A4z+—+—+,~—=0
29 vy g9 /g

=2 =2

s (&mgm)wﬁ(_Mz%m)w,w
2

/pf+}{+zl=/pz+_"+zz+/¢ K % ¥ g

v/ voX

H taydmta tov vepot oty ehetBepn emugpdvele tov veQoU ¢ OeEANEVIC
elvar apeintéa xow N ieon oto onuelo avtd elvar ) atnoo@aeu, doo i, =0 xau

Py=P g H MGLQ TOU VEQOU 7OV £y VETAL (U0 TO GROO TOU CymYOU £VQIOHETUL

enlong Lo aTpoopaewn mieon, p,=p, . . "Etol n mponyotuevn egiowon amwho-

atm’
TOLE(TaL OTY LOOYN

2
e

Z1=—=+4zo+hp=ur=V2g(z1-22-hy)

©

= V2% 9,81 ms®x (100 - 0,5-2,0) m= 437 m/s

O ovBu6E P0Y|C NALaE TOV VEQOU VIToAOY(CeTal autd TV eEI0MON ™S OLVEYELOC:

: 2 )
m = oud = Qur * dT = 1000 K& » 437m « 3,14x% = 13,72 kg/s.

m? S

19



[Hopaderyna 3.23 (XY
—_— e eeeo

r # rd # rl * a - A - . . . .
Teyvnm AMuvn mapéyel vepo ne puvbuo m =103 kg/s nan #ivel vopootoofirho. O eee
ayYOU LETAPOQAS TOV VEQOU £youy TV Ou dwotonn). H raraxdpugn andotaon :.
OV 0TEOP A0V amtd Tov mubueva ™ Auvng etvar =500 m. H nleon otov muOue-

vae g Mpvng etvan p, =300 kPa »au apgong petd tov otpopiio eivar p,=120 KPa.
Ou ammheleg evEQYELOS AOYM TOPWY PeTaEl TV maomdve BEaemy etvar W, =80
kW. Na vrohoywoBouv: (o) H aEoviun woyic tov otpofithov ot (B) H avEnon g
Beounonpaoiac tov vepou AT. H munvomta tov vepou elvatl o=1000 kg/m? zow 1
eLON] Beonom o Vo otabeon] mieon eival cp=42{]{] J/kgK.

Avon

a. O Oynog eheéyyov meorhappaver tov aymyo peyor ) Beon (1) naw tov otpoprho
ugyolm Bon (2). Egoopoyn mg eElomong (3.129) petali twv Béosmv (1) #an
(2) nou pe dedougvo ot M tayvtre Oev aAhdler AOym otaBeENC OLaTowC,

olvelL: o
A

—+ gz + Ap + wp + w=0 /
2 0 ‘

AUZ Az 4+ B2 ML —

2 Vo8 g

AlMNe-MnA Mnxavikj PeuoTtwv




. | XX
%gﬁz + A2 w; + w,=0 ::::
2 0 ‘ 000

p2-pi oo
g +———+wp +wy=0 4
©
Av 1 moonyovuevy eElcmon morlhamhaolaoBel pe Tov ouOnoe pone nalog
TOOAVITTEL
: P P W (1) : mapdyet evépyela
o 1—=F2 r ot0 TEPPIALOV, TL.Y.
Ws=m \‘ _g‘ﬁ Z“ -WL oTPOPILOG KIVOOEVOS
Q oo peVoTO
“ “ 4 $= ¢ 1 . W; (-) : avtiia mov
Aot avirardotaoy oty oeardvo eElcmon divel: e 070
' _ _ A3 T0 TEPIPAALOV KoL TO
I =103 X'(DGO — 120) x 10- ~ 981 x (_500)] _ 80 x 10°=572 MW TPOCGEPEL OTO PEVLGTO
B 43 ’ i
10-

B. AvvroB€oouvue ot 0oN elval aduafatinr, OAEC Ol ATTWAELEC EVEQYELUC UETU-
TOETOVTUL 08 BEQUOTNTAL NE QTOTEAECUC TNV AviPmON ™C BEQUORQOUOTUS TOV
vepov. Erouévacg €yovue

W 80 x 103kW

WL=/7-'szAT:>AT= =
mc, 10°kg's x 4200 J/kg K

=0,019K

AlMNe-MnA Mnxavikj PeuoTtwv 21



IHapaderyna 3.24

Noa viroroyloBel 1) 1oy Ug avtilag mov Aettovyet pe amddoon n=80% €toL moTe V.
nap€yel vepd we ovoud V=30 lt/s andé myv avowym) deEauevii (1) omy avouyti
deEauevn) (2) omme gatvetal oto durhavo Zynua. Ou ammAeles TOV OCVOTHUATOS
enTOC ™C ovThlog elvan 12 1?/2g. H mpouetown duogpood ™ ehevBeone otdiung
TOU VEQOU OTLS V0 deEapeveg etvarl =12 m. Ou aywyol etvor ™¢ iag dtatomig
ne duduetpo d=15 cm %ot 1 wurvéTTa Tov vepou eivar o= 1000 kg/m?.
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Avon

000
Ocwpollle W OYHO eAEYYOV, TOV OYRO MOV TEQLAAUPEVEL OLO TO VEQO TV VO ::::
deEauevav. H taytmra porjg tov vepol otovg OmAVES €1Vl 'YX X
o ‘ . o0
_ 10312 o
» _V_ 4I/;=4><30x10 ﬁm;“s= 1.7 m/s
S md= 3,14 x0,15°m"
O artmreleg evEQYELUS CUNPMVA I TC OEOOUEVE TOV TEOoPAfUaTOS dldOoVTaL
og Vog p€ovrog pevotor. Av molhamhaolaoboly e g YIVOVTUL ATWAELES OV,
novaoda pdalac. "Etol €yovne
_W _ o120 75,0 A2 Ay
hy=—t=w =h-g w= ST 17~.34k— + g+ L+ w, + w=0
g g 2 G L §
0
Av egoouocovus my eSiomon (3.129) petali tov Béosmy (1) ol (2) #al ue
dedopgvo Ot oty ehetBepn emupdvele TOu vEQOU Loylel I =u,=0 L
Pr=Py=P gt EXOUNE
Wy = —wp —gh = mw, = —m (wp + gh) = Py=—oV (w + gh)
3 W (1) : mopdyet evépyela
= 103X 5305 103 ™ (1734 T 4 9,81 ™ % 12 m|=—4.05 kW o0 meptBEMov, Ty,
m’ S kg & otpdPhog Kvoduevog
oo peVoTo
To apvnuxd onueio SABVEL GTL LOYIS TOOOPEQETUL CITO THV UVTALCL OTO VEQOS. W, (-) : avthia mov
Emeud) ) andédoon g avtiiag elvar 80 % woyieL KOTOVAAMVEL £pY0 amd
T0 TTEPIPAALOV KOl TO
P . P i TPOGPEPEL GTO PEVGTO
U= 08 = Pogr = 2= BOKW _ 5 6 ey
Pson 0,8 0.8

23




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

Turbine

.|||4

Define the Situation

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

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

Q=14.1md/s

61 m
Turbine/
/ generator
i @~ Datum
] :“i',

000
0000
o000
Take Action (Execute the Plan) : : o
1. Energy equation (general form): ()
— —2
&+a,£+zl+hp=&+a2&+zz+h,+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:
h=@z—-—2z)—h
=(61m) — (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:
Pinputto tubine = YQH; = (9810 N/m’)(14.1 m?¥/s)(59.5 m)
= 823 MW
5. Efficiency equation:

3 output from generator TIP input to tlu?ine — 0-87(8.23 MW)
= 7.16 MW

Mnxavikj PeuoTtwv 24



EXAMPLE 7.5 « Write the x direction momentum equation: 00

Applying the Energy and Momentum Equations to Find A — oA+ F. = Vo — V. X X X
Force on a Pipe Contraction Pt = Pafla T By 2 ! 0000
« Rearrange to give

Problem Statement . . .

F. = pQ(V, = V) + p,A;, — piA,

A pipe 30 cm in diameter carries water (10°C, 250 kPa) ata "X )
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 Leta; =0, =1,z = z,and h, = b, = 0.
\'%63 « Eq. (7.29) simplifies to
hy = 0.12—2 d P
’ L Y
where V, is the velocity in the 20 cm pipe. What horizontal y 2 y 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=p1— 'y(% = % e h,_)
Water flows through a contraction. 4 4
— o = 3. Pressure at section 2:
e Q) =0y = 1.0
. hy=0.1(V(2g) « Find velocities using the flow rate equation:
0.707 m’/
= L G
A, (mw/4) X (0.3 m)
Q 0.707 m%/s
H,0 O_/) 0=10.707 m%s V, == - ~=225mis
[ ‘ A, (m/4) X (0.2 m)
©) ® o Calculate head loss:
D;=03m D,=02m 2 2
py =250kPa gage  p, = unknown h o= 0.1V; 01X (225mfs)” o
;= = -~ = 2.58m
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 2 2
. . . (v,
F,(N) «= horizontal force acting on the contraction p2=p1— Y 2% - 2% + hy
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 mon.lentum equation, we need P Find this with 2(9.81 mls?) - 2(9.81 mls?) +2.58m
the energy equation. The step-by-step plan is as follows:
. . . = 21.6 kPa
1. Derlv.e an equation for F, by applying the momentum 4. Calculate F,:
equation.
2. Derive an equation for p, by applying the energy equation. Ee=pQ(V2 = V) + A, — piAy
3. Calculate p,. = (1000 kg/m*)(0.707 m*/s)(22.5 — 10)(m/s)

4. Calculate F,. (0.2 m)*

. ) — (250,000 Pa)

+ (21,600 Pa) (
Take Action (Execute the Plan)

. (0.3 m)®
1. Momentum equation: X ~ 4

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

AMNO-MMA ‘S 25
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YOPOQUAIKE YPOMHMN KOI YPOMUMN EVEPYEIOG | eeeo

X X N
The Hydraulic and Energy Grade Lines p

EGL = <velocity> o (pressure) n (elevation) _ Lz o p 1. s (total)
~ \ head head head - 2¢ Y *~ \ head

pressure elevation) P (piezometric)
HGL ( head ) ( head v z head

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

2. A pump causes an abrupt rise in the EGL and HGL by adding energy to the flow. For
example, see Figure 7.12.

3. For steady flow in a pipe of constant diameter and wall roughness, the slope (Ah;/A;) of
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.
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YOPQAUAIKN YPOMME KOI YPOMUMN EVEPYEIOG | eeee

MNapadeiypata aa
Abrupt rise in \g

EGL EGL equal

to h, \ h, -‘\‘ ““““

|||L

— HGL
T Pum

L
ok

L / R

/ /= 3L —— SO
' // Rise in EGL and HGL due to pump.
2, Stagnation mabe 2
Datum
HGL and EGL
EGL and HGL in a straight pipe. EGL

h,, head given
" :
up to turbine

Drop in EGL and HGL due to turbine.

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



YOPQAUAIKN YPOMME KOI YPOMUMN EVEPYEIOG | eeee

0oo:
Mopadeiypara oo
HGL';ndEGL EGL

V2
Large E because

smaller pipe here

Steeper EGL and HGL
because greater /1

length of pi .

per eneth o pipe Change in EGL and HGL due to

Head loss change in diameter of pipe.
at outlet
EGL and HGL

\\l/

<~

NN /22 4

/T |\\\\“\

X _z=0
HGL and EGL p P
EGL Positive Y Negative Y
HGL S pi. Vs
\_ V% _—— increases because
\ o 2,
\\ g diameter of conduit decreases
4 causing V to increase.
— o HGL
§) > R

——z=0
Subatmospheric pressure when pipe is

Change in HGL and EGL due to flow through a nozzle.
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

w-el2)()

Determine the head supplied by the pump, h,, 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.

AMNO-MMA

Define the Situation

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

()

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

- 1(2)z,=620ft

By Q=17.85cfs

Pipe, D =1 ft
——- L = 5000 ft ———

||| <]

z;=5201t (1)
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State the Goals
h,(ft) «= 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
&+a1V1 +2z +h, —&"'(12‘2/2 +z,+h+ Ry
Y
« Velocity heads are negligible because V; =~ 0 and

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

hp =(z—z) th

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:
o Calculate V using the flow rate equation:

3
A (ml4)1ft)

o Calculate head loss:

e ((5) o2, 220 )
D/ 2g TN 10ft /\2 X (322 fi/s?)
= 77.6 ft

« Calculate hy:
h, = (22 — z1) + by = (620 ft — 520 ft) + 77.6 ft =

3. Power:

62.41bf\ [ 7.85 ft hp - ¢
WP:VQhP:( e )( >( 850(550& 1bf>

=[159hp|

4. HGL and EGL:

 From Tip 1 in the preceding section, locate the HGL
and EGL along the reservoir surfaces.

o 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.

i
®

ik

520t (1)
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o00
0000
| 4 | 4 o000
EmoavainmTIKES 0GKNGELS 3T
O
MéTpnon g ToyvTNTOS EVOS VYPOV
2nueio 2: Znueio avoakomnsu = 0 S
10 uypd
[Tieon kpovong — Avvapikn mieon
avePalel to vypo Katd Az Z T N
Oy Tp1yoe1dn patvopeva — peydin dtatour] coAqva 1 l N J i
P P [z, = :
A e L “ =%
29 v 29 v P
1
—=h
&,
12‘—;+h=h+4\z:,u1=,/2g4\z B nia
4
U, = 0
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EmovoinmTTIKES 0GKNGELS

P1 = P2 = Parm = 4dp =0

Az =20m

A1 = A2 ST[ELSﬁ Q = u1A1 = uzAZ =
Au?

=2 U = Uy :T =0

AMNO-MMA

XOMVOC LETAPEPEL VEPO OO TNV TAV®
oTNV KAT® oecapevn. Av 1 mapoyn etvar
1 lit/sec, va vroAoY16TOOV O1 ATMAELEG
o€ m Kol Watt

W, =H, -g|=196,2 Watt
/N
ﬁ@zWL m=W,-p-Q
=H,-g-p-QFy-Q-H
k 3
= (20m) - <9,81 m/52> : 1000( g/mg) : <0,001m /S)

ooz iy
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000
Enaval KEG UOKNGE sels
T NTTIKES UOKIGCLG oo
o0
o
No vroloyiotel | mieon 6€ Atm GTOV EXKPOVGTIPA TOPTIANC, 1) OO0 KIveiTon LE
40m/sec og 10m BdOog
Y vepov 0ar.=1,100 kp/m3
Patm = migom otAng vepoL 10 m
— 10m 5 p 5 p
Z_A+ 7 + A Z_B + 75 + — = TOAMATAAGIGL® pEly
BN u 14
A B;\j ]/402 P . P
Zy = Zp 29 TrA= =
1 40%

Up = O,UA = 4‘0m/S

1
Patm =10y:>y=1_opatm

1
PA — Latm +10y=Patm +101_0Patm = 2Patm

AlMNe-MnA Mnxavikj PeuoTtwv

Patm_+2Patm =PB

10 29

Pg = 10,15P,,,
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EravoinmTikeS 06KNGELS

No vroroyiotel n Hopoyn

Pym =76 cmHg
y = 1000 kp/m3

k
Yig = 13600 p/m3

o00
0000
o000
AvtMa mopéyel Vyog HA=50m o€ vepd mov : : °
LLETOQEPETOL LE AY®YO 1010G aAUETPOL Amd TO bt
(1) oto (2).
ITicon oto (1) = 60cm Hg 2
Anoieteg amo (1) oto (2): H, =8 E
u? us
£+z1 +%+HA =£+z2 +Ij/—2+HL

Emeidn Q = u1dy = w4, | o w =u, =u

) : : A = A
AUZ y Az 4+ B2 ML ,
2 Y & & Emiong p, = Parm =76 cm Hg
z,=0,z,=35m
2 2
u — 4u —
S0 50=354+2 48 SBLTP2 g M g((m p2)+15>=u
14 Yy 29 14 g 4 14
3
=|u =5,61M/, HapoXT']Q=A-u=nR2-u=0,275m/S

AMNO-MMA
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4 r 000
EmovoinnTIKES 0OKNGELS eoeo
e00
Hoapdoeryno 1 :o
Ayvoovtog Tic
anwAgleg TPIPNGC oTOV
oy®YO, Vo -
VTOAOYIGTEL 1 150G
TOL VOPOGTPOPiAov
P1 ui uj ]
E&lowon Evépyswog —+2y +—=—+ 2, + — + Hp 2 102
14 29 Y 29 H _2_2—30_—:)
_ e 2 x 9,81
P1 = P2 = Patm g ’
Zy = =|Hy =249 m
/1000 [ 3=9810N/ ,
Toyoc avé W?uQHT = Wr =9810-0,0283-24,9 = 6,9 kW
novaoo, nalog 3
N Q = u,A, = 10™M/-1(0,03)2 = 0,0283™ /,
\

. . % .
WT=HT'9=>WT=HT'g'm:HT'g'P'Q=HT'9'§'Q:>WT=VQHT
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