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[lapaoerypa 3.3

Na vrokoyioBel ) Tayimte porjg pevoTol o8 00IlovTio omijva pe v PorjBeic
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Nepo p€el o avoyto aywyod onwe oto mapatideépevo Zynua. Edv n por etval
OUOLOHOQPT) ®OL OL GTTMAELES AOY M TOLPV PIToROUY va ayvonBodv, va vmoloyiloe-
TE TNV MPOUETOLRY OLapopd V.
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2€ EVa TUNUA RURALOU aymyOoU 1) OLANETEOC eAaTTOvVETHL 0O 10 ecm og 5 cm. Av
VEQO ELOEQYETOL ILE OUOLONOQYY OTABEQ TOUTNTA 1 =2 M/S OTO GVOLYUC. OULE-

to0v 10 ecm, va vroroyloBel ) taityra €£6001 TOV VEQOU.

Avan

AMNO-MMA Mnyxavikr PeuoTtwyv
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2€ EVa TUNUA RURALOU aymyOoU 1) OLANETEOC eAaTTOvVETHL 0O 10 ecm og 5 cm. Av
VEQO ELOEQYETOL ILE OUOLONOQYY OTABEQ TOUTNTA 1 =2 M/S OTO GVOLYUC. OULE-

to0v 10 ecm, va vroroyloBel ) taityra €£6001 TOV VEQOU.
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NepO e10€0yeTOL ROl EEEOYETOL (TG TNV CUOXEVY] TOU ZUATOS OVUQOV ILE T
Oedopéva mov avagépovral oto Zynfuc. Na vrokoyiobel o puBuég ovoompevong
¢ Halag Tov veQOU aTI) OCUOKREW).
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Nep0 p€eL 0to doyelo Tov ZUaTOS OVUEOVE LE T OEDOUEVEL TTOV UVIYORPOVTLL
o€ avto. Na vrroroyiobel o pvBuds avodov g otdbung tov vepou.
Avan
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S E— __OE.
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i i
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i i

____________________________
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Nepo6 p€el 010 oy e(0 TOU ZYHUATOC CUUEPOVE LE Ta OeDOUEVE TTOV vy OAQOVTLL it
oe avto. Na vroroyioBel o pvBuog avodov g otabung tov vepou. ::‘
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Hapaderypa 3.8 Metafintoc oyrog ehepyon

Avorym) dSeousv) Sarojs A (EQEL UYOG muMvOTITOS O ®ol 0von YENdT) LEYOL
wpog i, Noa vrodoyobodv: (o) H rogimro ehetBeong exoom)g tov vypod amd o)
epfadot S, mov foloxeron arov mubpeve g deSausvic, (f) To tpog me ordbuns
TOU VYOO PETO G yoovo 1, (y) O arcitotilEvog yoovos VI TV EXHEVIOT) TS
deZausvic.

Avaoy

AMNO-MMA Mnyxavikr PeuoTtwyv
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Hopaderynae 3.8 Metafintoc oyzoc eheyyov ~
—_ T
2 . I — /
Avorym) deSapevy) Soronic A PEDEL VYO0 TUAVATITOS O HOL EIVOL YELCGTY JLEYOL | ,.f"
vipog fi. Na vwohoyuotiodv: (o) H vaydoyoo eAetBepn g eX001)C TOU Uy001 amd o) E /
epfadon S, mov foloxercn arov udpevo g deSausviic, (f) To tpog mg ordiung ; /
TOU UYOOU PeTd and yoovo 1, (V) O aratollevor Yoovos YLo Ty EXKEVIOT TS 5 |'I
deZanswic. RN (R S
=il : 14 » Iz
AN
Avim 3 +Z +h=o100. n
g 7 u

ul—O

a) = png+pgh+1’/m puz+p,%7’+1}/m =>/gh=%/v§=>uz=\/ﬂ

Towa tayvta pe exetvn mov Ba elye av

B) jj p(uznz)dA + —]jj pdV =0 = énepte amd vyoc h|((@e@pnuo Toricelli)
dh
=>pqu+d——0 =>pS,/Zgh+pAd——0:>\/—Edh——,/ dt:>

S
:jh_l/Zdh=—\/@%fdt:>2h1/2 :— Zgzt‘ t:\/}—\/_———\/_t
0
S
ﬁ\/;:\/ﬁ—ﬁmt:y:(\/___\/_t) ’,_

h-2A h 24
v) H 6eauev adetdlet otavy =0 = @:ﬁ@t:t:fﬁ :>t=VE?
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O vynAodtepog midaxag Tov kocpov (Fountain Hills, Arizona) metdiet to vepd oe Oyog 170m pe pobpud 26 | @ @ @

m3/min. i
r r 4 A r ‘ . . .

1) [T6om elvor n Ty T poric 6tn Pdon; 'YX X

2) 2e0yog 100m; : ®

3) [Toom elvorn aktiva T vVO&TIVING OTHANG 6T Baon/ og Vyog 100m;
YnoBéoeic: o) Pony otabepny, acvumicom.
B) To vep6 mov méPTeL oM 6TO £00.POG OeV EUTOSILEL TO OVEPOUEVO VEPO.

v) Apenote Tic TpIéc.

AMNO-MMA Mnxavikf Peuotwv 25



O vynAodtepog midaxag Tov kocpov (Fountain Hills, Arizona) metdiet to vepd oe Oyog 170m pe pobpud 26 | @ @ @

m3/min. 000
r 14 4 r ’ ‘ . . .

1) [T6om elvor n Ty T poric 6tn Pdon; 'YX X

2) 2e0yog 100m; L X

3) [Toom elvorn aktiva T vVO&TIVING OTHANG 6T Baon/ og Vyog 100m;
YnoBéoeic: o) Pony otabepny, acvumicom.

B) To vep6 mov méPTeL oM 6TO £00.POG OeV EUTOSILEL TO OVEPOUEVO VEPO.
v) Apenote Tic TpIéc.

1) muo—mgh:uo—,/Zg =+2-98-170  =>{ug = 58™/;

2) %mu2+mgh=%mu5 > u= [u2-2gh=+582-2-98-100 =|u =37/,

3 26
3) Q = Agup = 26— = m®/ = 4,-58M/c = Ay = 747 x 1073m? = R} =

60
= R, = 0,049m

Aoug = Ajuy = R *ug =R} -u; = 0,049%2-58 = RZ - 37 =|R; = 0,061m

X

, To otévena Loc oTAANC VEPOL OTT®
Kopupn
KOTEPYETAL PAIVETAL KOADTEPO GE L0
apdaivel Mikpaivel Bp{)cm oL pégl V8pé
AMNO-MMA Baon srevy | OX MevaAn Mnxavikr Peuativ 26



AV ayVONOETE TIC CWTMAELES HOL T QUIVOLEVOL ETUPUVELHIC TACTC, VI VITOAOYI-
OETE TV artiva r tov midaxa tov ZYuoatog 08 ardoteon V el 1o Gvorypa otov
mubpgva. Zro doyelo vadpyel vepd o8 arabepo tpog H #at 1) SdpeTpos ms omig
elvard,.

Avay)

dy =150 mm

AMNO-MMA Mnyxavikr PeuoTtwyv
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AV ayVONOETE TI QRMAEIES HOL TCL PUIVOLEVEL ETLPUVELLHIC TACTC, VI WTOAOY(- 0000
OETE TV artiva r tov midaxa tov ZYuoatog 08 ardoteon V el 1o Gvorypa otov :: : ¢
mubpgva. Zro doyelo vadpyel vepd o8 arabepo tpog H #at 1) SdpeTpos ms omig o0
elvand,. [
Avay)

AMNOG-MMA

dy =150 mm

Zonpova ue 1o xapdderypa 3.8, n rayimyre e£6dov rovw vepou om Bgon (1) elvan
u, =V2 gH.

Anto oy eElowon ouveyeiag petact tov Beosmy (1) #o (2) £govne:

u diV2eH di1 A2 :
Sllll =Szllz='52= Sl—l:"r’z:i: r =_1'\1~£,'H
) duz 2 Huy

EEdihov, av epaoncoovis v eSionon Bernoulli, (3.34), ustalu v B£oemy
(1) #ou (2) €govue:

2

1’ ui u P
Eg+§+h =oraf.  yo+ Tl =9—2=>u-p_= N 2gy+ui = V2g(y+H)

Me cuvduaond tov repamdve SOV, Aapfavoupe:
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AMNOG-MMNA

Metpnig porig Venturi 6106TAGE®Y TOL dIVOVTOL GTO XYL
ypnowomoteiton yio tn pétpnon wapoyns H,O

v =1.000 kp/m?

Vig = 13.600 kp/m’

Noa vroroyrotel | Topoyn

Mnxavikf Peuotwv

29



Metpnig porig Venturi 6106TAGE®Y TOL dIVOVTOL GTO XYL
ypnowomoteiton yio tn pétpnon wapoyns H,O
v =1.000 kp/m?

7 Yirg = 13.600 kp/m?
o /7
W K Noa vroroyrotel | Topoyn
HSom

— ' 2
(«3—.0 " lu—+£+h=c)'1056’.

- y 28 7

2 2
P1 u% P4 U,Z Us — Ug PI_P4

Jyéon Bernoulli: —+y; + —=—+y,+— = = T Y1 — s

XEOT] " V1 29 7 V4 24 29 y

(1)

P, =Py =—pg(y1 —y2) = —v(1—y2)
P, —P3 =—pg(y2 —y3) = —Yug(y2 — ¥3) https://videos.papazissi.gr/ex12_9/
Py — P, =—pg(yz3 —ys) = —v(¥3 — ya) b, _p
1 — Iy VHg
Py =Py = —yy, + 9, — 2 T VYHgY3 — VY3 T VY4 = =Ys—Y1— Y3t ——
s ET7 — g Vs + Vg e =y = Y3+ Eys
P, — P,
= = (s —y1) + (5,67) (2)
—
D), (2)= =Ys— Y1 +567+y; —ys =567 , ,
Q=uA > _9_ < zQ 4_2Q 7
= Uu i Uy = A]_ — T - (0’05)2 T (0,02) T (0,05) _ 5’67
Q = Uy = uy = < = < 29
= UgAy 4= 5 = o
A4 T (0,02) Q _ 1,34 5 10_2 m3/s
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EXAMPLE 5.9

Applying the Bernoulli and Continuity Equations to Flow
through a Venturi

Problem Statement

Water with a density of 1000 kg/m? flows through a vertical
venturimeter as shown. A pressure gage is connected across
two taps in the pipe (station 1) and the throat (station 2). The
area ratio Ao/ Apipe is 0.5. The velocity in the pipe is 10 m/s.
Find the pressure difference recorded by the pressure gage.
Assume the flow has a uniform velocity distribution and that
viscous effects are not important.

Define the Situation

Water flows in venturimeter. Area ratio = 0.5. V; = 10 m/s.

Assumptions:
1. Velocity distribution is uniform.
2. Viscous effects are unimportant.
Properties: p = 1000 kg/m>.

State the Goal

Find: Pressure difference measured by gage.
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Applying the Bernoulli and Continuity Equations to Flow
through a Venturi

Problem Statement

Water with a density of 1000 kg/m’ flows through a vertical
venturimeter as shown. A pressure gage is connected across
two taps in the pipe (station 1) and the throat (station 2). The
area ratio Apyoa/Apipe 18 0.5. The velocity in the pipe is 10 m/s.
Find the pressure difference recorded by the pressure gage.
Assume the flow has a uniform velocity distribution and that
viscous effects are not important.

Define the Situation

Water flows in venturimeter. Area ratio = 0.5. V; = 10 m/s.

Assumptions:
1. Velocity distribution is uniform.
2. Viscous effects are unimportant.
Properties: p = 1000 kg/m’.

State the Goal

Find: Pressure difference measured by gage.

Generate Ideas and Make a Plan

1. Because viscous effects are unimportant, apply the
Bernoulli equation between stations 1 and 2.

2. Combine the continuity equation (5.33) with the results
of step 1.

3. Find the pressure on the gage by applying the hydrostatic
equation.

2
Take Action (Execute the Plan) l u_ L E +h =orab.

2g vy

1. The Bernoulli equation:

2 2

Vi _ 2
P1+721+P?—P2+722+P7

Rewrite the equation in terms of piezometric pressure:

P
%—%:gﬁ—ﬁ)

_pW(Vi Q
2 \v?

2. Continuity equation V,/V, = A,/A;:

pVi (A}
PZI_PZzZT E_l

1000 3
-——?ﬂix(manX(f—1)

= 150 kPa

3. Apply the hydrostatic equation between the gage
attachment point where the pressure is p, and station 1,
where the gage line is tapped into the pipe:

le = pg1
Also, p,, = pg, so

Apgage = p31 _sz = le _Pzz = @
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Apyn owaTpnong TS opung

Apym Awotiipnonc e Opune 0

H avuvcepotikn avtr oyéon

umopel va. EQapLOGTEL Y10

p(u - nydV + f ptu(ii -n)dA  omowdmoTe GLVIGTMOGO!
EE

JF

_d(mu)_ﬁj
odt 9ty

YPOUULKTG OPUT|G NG YPAHUKNG POTG
0TOV OYKO EAEYYXOU aTtO TNV ETMUPAVELA EAEYX OV

(H OUVICTAUEVN 61’)vaun) _
0€ £vav OYKO EAEYYOV

Me tov puBud ad&nong g < TN GUVOALKY] EKPOT) >
+

0 yio poviun pon

U
E,=—| pudV + j pu, undA =
vt Jog EE

= F. = pruy (—ug)Ay + pouyuA; =

= F, = pAupuy, — prAjuiuy =

o Kal ETELON
T m1=m2=m :pllepZQz = pQ =>Fx=pQ(ux2_ux1_5
= p1ui Ay = paUiz Ay E, = - IF = pQu; —wy)
F, = - IF = m(u, — u,)
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Apyn oot pnong Tng opuNg

Edv n oon dev eivan onotopoogn otie Olropnéc etdodou ®al e2000v, 1) TEAEL-
L= 1] ] - Il:" - -

talo eElomon (3.61) pmwopel va yonowomonBel moooeyyLoTIHG EGV OL TayUTNTES

OV €E(0MOY) TUOLOTOWV (T8 TAYUTNTES TOV PEVOTOU OTLS CVTIOTOLY EC OLUTOUES.

H péom tayimra o nio diatopy] opiletal amd 1 oyxgon:

— 11 ' .
”_E‘L‘\ (u-n)dA4

Avdhloyo HE TNV LOO@Y) OV EYEL 1] ROTUVOUY TAYUTITOV, 1] TOOTEYYLON CUTH
nwopel v odyioel og ogpdinata. [Na va shayiotoronjoouie to ogdipne o auTég
TLS TEQITTTWOELS Y ONOLUOTTOLOVLE TO uvTelesTi] DopBwong ogmiis, P, wov opile-

TCLL CTTO T OYEON

p= || i
A A

omov i elval 1) nEon Tayttyte tov pevotol oty dwaton] 4. O cuvteheonic OLop-
Bwong oomig Y oTomT PO1 O ¥urArd aymyo eivar 4/3, eva yia TvoPfwdn pon
happavetar [ non yevuud elval peyohitepog g povadac. Me v eloaymyr] tou

ouvteLeoToU OL6pBmOoNC opuc 1) eElomon (3.61) yivertal

SF = m (Bu- Py uy)

(3.63)
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Ortov 1 TaydTTo! umopel va ypnotpomoindei n

GE L0 O10TOUN Méon Tayvtnto pe TNV E160y®yn eVOC

HeTHBaALETOL cuvteAeoTn) dlopbwcemc TG opunc B
1 u\? . S
j puZdA=,3,0uﬁA=>[>’=—J (_) dA ndvo >1
A A, \u,

g = f( Yot 6TPWTH pon ) g = 1( y )
3 \og KUKAWKO aywyd — “\tupPwdn pon
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, ;o : : 2 000
A\)V(um OV GOKEL TOUKOC OF OKiVTY) TAdKe, 1w’ p -4
Ak 2g ¥ e00o
" ’ o000
'; i 7 PO 1 9 P1 1 9 (| X )
.Y, —+-uf=—+-ui=>u;=u 0
7 &/ p 2 p 2
— 7 P, 1 P, 1
ho ey AW —t+—wW=—+-uisu,=u
w Y, Qo = Q1+ Q2 pugdp = pugAy + pugA; = Ao = A1 + 4

A A, Ao
SF, = j pu, (AH)AA= (pugliohr) + (p(~uo)tgAy) + (pHoc0os0(~tg)Ag) = O
EE
= puglocost = puyd; — pugl, = Qycost = Q; — Q,

=
Pevotd 81,<pé81 owc(:) Lo lecs,m'] Ko QO QO =Qq+Qy
TPOCKPOVEL GE Al KEKAMUEVT) TAGKCL. Q= — (1 + co SQ)
[Tog doywpiletor | pot; (TOPOYETEVLTIKA) 2
[Towa OVvaun ackeitonl 6TNV TAGKQ; QZ — @ (1 — co SQ)

2

H 6vvoun mov ackeiton otnv mwhdka Oa eival ion kot avrifetn pe tn dvvaun otpiéng F.

YF,=0=>F + JEEp u, UndA = 0 = F + p(—uysind)(—ug)4y = 0 = F + pugAouysingd = 0 =

= F = —pQyuysind n|F = —muysinf To (-) delyver 011 elvan avtiBetng @opdg amd v F
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LLOVO LLETPIKT) Ttieom ::: .
I powOntikn Avveun Ivpaviov TOV KOVGAEPIOV e00 0o
/ eoo
o0
Fn (ITpowOntikn Adva _ o
n (IIpowOntn un) Fp = (P, — Py)4,
H apyum npowbntikn 6vvoun H{gcn/ l \
givat apuntikd ion pe pio Koweaepion Eppeoov
l l eEwtepkn SOvaun Fyy mov mpémet Atpocaipucy  Baoms
- B R(avriotaon) v qiGKEITOL GTOV TOPOLAO Y10, VOl
Mieang /) /\\ aIPELTAL aKivnTog _
Kauodaepiou ,
Eotw
- >
Ao abpoicelc duvduewv 6Tov
KoTakdpveo Géova 4]  Am T Méla
/ Fopu e — A_t At —(ug —u) = mua)(er /nvpou')%ou

ZFx:FI'I=(Pa_PO)A0+mua)(£r._Mg_R Omov M =M, —nit

Ot dvvapelg mov tetvouy va aveBdcovy Tov THpavro sivar:
LUTOPOVLLE VOL
AaPovpe vtoyn
2. H avtiopaon tng opung Tov Koncsaepiov e HETPO - KOL TV

avtictoon R

1. H avtidpaomn tng duvaung mieons tmv Kavcoepiov e LETPO .

No tov katedcovv eivat to Bdpog Tov - KOl 1] AVTIOTOGT TOL aEPO I
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Auvaun
MupauAou

B6
apos AvTioTaon

N |

Micong
Kauoagpiou

Ot duvauELS TOV TEIVOLVV VoL TOV
kotefdaoovy sivat:

) 1t0BdépogcB=M"-g
2) M Avtictoon R

Ot duvauelg mov teivouvy va 000

r 14 r .
aveBdoovy tov mopavro givat: ::: °
1) H avtiopaon tng dvvoung mieong ::.

TOV KOVGOEPIMV o

Fp = (Fs = Po)Ao| —s Eppadév Baonc
T~

mieon KavouePINV - aTpocPAIPIKY Tigon =

LLOVOLETPIKT) TTiEoN
TOV KOLGOEPI®V

2) H avtidpaon g opung tov PLOLLOC £SOV
KOGaEPI®V Kowocaepiov
Al Am /!
Fop,uﬁg A_t At — Uy —u) = mua)(er

\1 N aydmra
TayvnTa ££600V TUPOHAOL
KOvcoepimv

APA

= Fp = (Pg = Po)Ag + MUgyer, — Mg — R
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ITopavhog apyunic nalag M, =400 kg, exhier zavoaéoia ne pubus m==,8 kg/s ta
omola. eE€pyovtanl pe otaben Tayit)Te 1g TEOS ToV TVOUUAO (ua)%=700 my/s.
Edv n pavopetowy mieon tmv xavoagpimv elval ape réa, va vmokoyobovv: (o)
H aoyu emudyvvon tov muoavrov. (B) H emrdyuvor tov petd 5 sec. (y) H tay -
mra tov peta 10 sec.

Avan
ZF;C =FH = (Pa _PO)AO +mua)(sr._Mg_R

a. Egaouoyn mg eElomong (3.72) oty mpoxe uévn mepimrmon 0idet
Fr=m (Ug)gy.— B | My, = m (Ug)ay, — Mo g

OTtov &, ewvalL 1 AOY LAY ETUTAYVVOY) TOV TTVEaUVAOUL. EJTl/»‘UOI] nal aglem]rmn aVTL-

#aTAOTaoY oty Tehevtaia eElomon dldeL:

_ 8kg/s x 700 m/s — 400 kg x 981 m/s> _ 4 g /o
200 kg

g

p. T va vrohoyloovpe Ty emTdyuvon HeTd S sec YONOLOTOLOVUE TN OYEoN)

(M,—mt) a, = m (Ug)oy, — (Mo~ n'u) g=a,= _ n
M,— mt &

v. T tov vrohoyopd g tayimyrag owomolovpe Ty oyEon a=du/dr ral

gyovne
du _ (lla)o*,(.

-10 ‘ -10
_ du= | Moy g (" gt =
d M,/ m-t ' J0

u=[700 In (50-t) - 9,81” = 700 In 40 — 98,1+700 In 50=5222 m/s
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EXAMPLE 5.4

Applying the Continuity Equation to a Tank with an
Inflow and an Outflow

Problem Statement

A stream of water flows into an open tank. The speed of

the incoming water is V = 7 m/s, and the section area is

A = 0.0025 m>. Water also flows out of the tank at a rate of

Q = 0.003 m*/s. Water density is 1000 kg/m’. What is the rate
at which water is being stored (or removed from) the tank?

\V= 7mfs, 4 =0.0025 m*

,|, 0=0.003 mYs

Define the Situation
Water flows into a tank at the top and out at the bottom.

O !
i = Water
| p=1000 kg/m’
o’ ] [
(fixed) @ 1 Q,=0.003m¥s
AMNO-MIMA

State the Goal
(dm,,/dt) (kg/s) *= rate of accumulation of water in tank

Generate Ideas and Make a Plan

Selection: Select the simplified form of the continuity
equation (Eq. 5.29).

Sketching: Modify the situation diagram to show the CV and
sections 1 and 2. Notice that the CV in the upper left corner is
sketched so that it is at a right angle to the inlet flow.

Analysis: Write the continuity equation (simplified form):
D e W =
dr (=3 =]
Analyze the outflow and inflow terms:
Z ".10 = sz
Z m; = pA, v,
Combine Egs. (a), (b), and (c):

d
Emcv = pA,V, = pQ,

Validate: Each term has units of kilograms per second.
Eq. (d) makes physical sense; (rate of accumulation of mass)
(rate of mass flow in) — (rate of mass flow out).

Because variables on the right side of Eq. (d) are known, the
problem can be solved. The plan is as follows:

1. Calculate the flow rates on the right side of
Eq. (d).
2. Apply Eq. (d) to calculate the rate of accumulation.

Mnyxavikr PeuoTtwyv

(a)

(b)

(c)

(d)
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EXAMPLE 5.4

Applying the Continuity Equation to a Tank with an
Inflow and an Outflow

Problem Statement

A stream of water flows into an open tank. The speed of

the incoming water is V = 7 m/s, and the section area is

A = 0.0025 m>. Water also flows out of the tank at a rate of

Q = 0.003 m*/s. Water density is 1000 kg/m’. What is the rate
at which water is being stored (or removed from) the tank?

\V= 7mfs, 4 =0.0025 m*

,|, 0=0.003 mYs

Define the Situation
Water flows into a tank at the top and out at the bottom.

O !
i = Water
| p=1000 kg/m’
o’ ] [
(fixed) @ 1 Q,=0.003m¥s
AMNO-MIMA

State the Goal
(dm,,/dt) (kg/s) *= rate of accumulation of water in tank

Generate Ideas and Make a Plan

Selection: Select the simplified form of the continuity
equation (Eq. 5.29).

Sketching: Modify the situation diagram to show the CV and
sections 1 and 2. Notice that the CV in the upper left corner is
sketched so that it is at a right angle to the inlet flow.

Analysis: Write the continuity equation (simplified form):
d : ]
—mﬂ,+2mo—2m,=0 (a)
dr (=3 =]

Analyze the outflow and inflow terms:

2, = pQ, ()
Z m; = pA, v, (c)

Combine Egs. (a), (b), and (c):

d
Emcv = pA,V, = pQ, (d)

Validate: Each term has units of kilograms per second.
Eq. (d) makes physical sense; (rate of accumulation of mass) =
(rate of mass flow in) — (rate of mass flow out).

Because variables on the right side of Eq. (d) are known, the
problem can be solved. The plan is as follows:

1. Calculate the flow rates on the right side of

Eq. (d).
2. Apply Eq. (d) to calculate the rate of accumulation.

2. Accumulation:

dme,

?= 17.5 kg/s — 3 kgfs
=[145 kg

Take Action (Execute the Plan)
1. Mass flow rates (inlet and outlet):
p AV, = (1000 kg/m*)(0.0025 m*)(7 mfs) = 17.5 kgfs
pQ, = (1000 kg/m*)(0.003 m¥s) = 3 kgis

Review the Solution and the Process

1. Discussion. Because the accumulation is positive, the
quantity of mass within the control volume is increasing
with time.

2. Discussion. The rising level of water in the tank causes
air to flow out of the CV. Because air has a density that is
about 1/1000 of the density of water, this effect is negligible.



m Sketching: Select a fixed control volume and sketch this CV . . ‘

Applying the Continuity Equation to Calculate the Rate on the situstion diagram. ‘The control surface at section 3 is 0000
e e ey [y [Free s just below the water surface and is stationary. Mass passes
through control surface 3 as the water level in the reservoir 0000
Problem Statement rises (or falls). The mass within the control volume is constant [ X X )
because the volume of the CV is constant.
A river discharges into a reservoir at a rate of 400,000 ft*/s o0
(cfs), and the outflow rate from the reservoir through the flow Analysis: Write the continuity equation (simplified form): o
passages in a dam is 250,000 cfs. If the reservoir surface area is d
+2 . . . . . .
40 mi*, what is the rate of rise of water in the reservoir? Emw + z , — Z =0 (a)
(=] s
= i
River (400,000 cfs) /—Water surface (4 = 40 mi)
-~ — Next, analyze each term:

wlz + Mass in the control volume is constant. Thus,
—

Outlet dmJdt = 0. (b)
Al LEL) « There are two outflows, at sections 2 and 3. Thus,
Define the Situation .
A reservoir is filling with water. E m, = pQs + pA,V; ()
VJ
0,= 400,000 cfs @T A, =40 mi? « There is one inflow, at section 1. Thus,
—_— _ =
® ) 2 = pQ. @
- = 23
(fixed) @ Substitute Egs. (b), (c), and (d) into Eq. (a). Then, divide each
@, = 250,000 cfs term by density:
+ AV, =
State the Goal 2 V= Q ©
Vi(ft/h) += speed at which the water surface is rising Validation: Eq. (e) is dimensionally homogeneous because
each term has dimensions of volume per time. Eq. (¢) makes
Generate Ideas and Make a Plan physical sense: (outflow through sections 2 and 3) equals

Selection: Select the continuity equation because the problem (inflow from section 1).
involves flow rates and accumulation of mass in a reservoir.

Because Eq. (e) contains the problem goal and all other variables

are known, the problem is cracked. The plan is as follows: 2, Calculations:
_ 400, 000 cfs — 250, 000 cfs

1. Use Eq. (e) to derive an equation for V. i
40 mi’ X (5280 ft/mi)’

2. Solve for V.

= 1.34 X 10 *ft/s = 0.482 ft/hr

Take Action (Execute the Plan)

1. Continuity equation:
AMNO-MIMA
Q- Qz

V. =
E A;




Applying the Continuity Equation to Predict the Time
for a Tank to Drain

Problem Statement

A 10 cm jet of water issues from a 1.0 m diameter tank.
Assume the Bernoulli equation applies, so the velocity in the
jetis @ m/s, where h is the elevation of the water surface
above the outlet jet. How long will it take for the water surface
in the tank to drop from h, = 2 m to hy = 0.50 m?

p—1lm —
Air

10 cm

Define the Situation
Water is draining from a tank.

Initial State: 1=k, =2 m
Final State: k=#, =0.5m

=0.Im
.
CvV @
(deforming)
AMO-MMA

State the Goal
t{(s) += time for the tank to drain from h, to h,

Generate Ideas and Make a Plan

Selection: Select the continuity equation by recognizing that
the problem involves outflow and accumulation of mass in a

tank.

Also note that the continuity equation will need to be
integrated because this problem involves time and a defined
initial state and final state.

Sketching: Select a deforming CV that is defined so that the
top surface area is coincident with the surface level of the
water. Sketch this CV in the situation diagram.

Analysis: Write the continuity equation:
d . .
Emcv'i-zmo_zmizo (8)
Analyze each term in a step-by-step fashion:

« Mass in the control volume is given by*

2
m,, = (density)(volume) = p (%) h (b)

« Differentiate Eq. (b) with respect to time. Note that the
only variable that changes with time is water depth h, so
the other variables can come out of the derivative.

a4 (D)) ()
a  a\P\ 4 TP\ s “

« The inflow is zero and the outflow is
Substitute Eqgs. (b), (c), and (d) into Eq. (a):

2 2
p(ﬂ) & -p(ﬂ) Vagh (e

4 ) ar 4

Validation: In Eq. (e), each term has units of kg/s. Also, this
equation makes physical sense; (accumulation rate) = (the
negative of the outflow rate).

Integration: To begin, simplify Eq. (e)

(9)@ = —Vagh ()

FL T

Next, apply the method of separation of variables. Put the
variables involving h on the left side and the other variables

on the right side. Integrate using definite integrals:

hy " 13 d s
Ta-lge o
W V2gh 4 D

Perform the integration to give
2vh, — Vi) (d)zr
v W)
Because Eq. (h) contains the problem goal (f;) and all other

variables in this equation are known, the plan is to use Eq. (h)
to calculate (t).

()

Take Action (Execute the Plan)
- () (D)
i d \/2}
_ (1_m)2(2(v’(2_m— MJ)
~\olm V2(9.81 m/s?)
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EXAMPLE 5.8 Sketching: Select a fixed CV. Sketch this CV on the situation

Applying the Continuity Equation to Flow in a Variable diagram. Label the inlet as section 1 and outlet as section 2.

Area Pipe
P Analysis: Select the pipe flow form of continuity (ie., Eq. 5.33)

Problem Statement because the problem involves flow in a pipe:

A 120 cm pipe is in series with a 60 cm pipe. The speed of the pA V) = pA, W, (a)
water in the 120 cm pipe is 2 m/s. What is the water speed in

B - Assume density is constant (this is standard practice for steady
e 60 cm pipe?

flow of a liquid). The continuity equation reduces to

v=amps (| AV) = AV, (b)
——> ) 120cm 60 cm ‘ _ + _ o
| Validate: To validate Eq. (b), notice that the primary dimensions

of each term are L*/T. Also, this equation makes physical sense
because it can be interpreted as (inflow) = (outflow).

Define the Situation

Water flows through a contraction in a pipe. Plan: Eq. (b) contains the goal (V3), and all other variables
________ _ are known. Thus, the plan is to substitute numbers into this
: = equation.
Water : dl
M=2m/s \ )y == @ Take Action (Execute the Plan)
D, =06m Continuity equation:
D =12m )
v=viovy, (Dl)
2= Vi, = Va0
State the Goal A; D,
. . 1.2 2
V3(m/s) «= mean velocity at section 2 V, = (2 mls) (ﬂ ; Z) _

Generate ldeas and Make a Plan

Selection: Select the continuity equation because the problem
variables are velocity and pipe diameter.
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