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Learning Objectives in Ch.5 Ch.5 Finite Control Volume Analysis

V v'Fluid Mechanics

e ... - ™ Fluid Mechanics
v select an appropriate finite control volume to solve a fluid mechanics P A
problem | Gas | | Liquids | | Ch.2 Statics | | Ch.4 Kinematics | | Ch.3~ Dynamics |
v apply conservation of mass and energy and Newton’s second law of Ch.1Fluid properties 2F=0 :\T/zg;'f;'f‘i’;d 2. F=ma
motion to the contents of a finite control volume to get important *Density (p) Fo+Fy =0 Lagrangian & Eulerian Fo+Foy +Fy =ma
* Specific weight (y= pg) mg+pA=0 - Streamine mg + pA+7A=ma
answers. . . - Streakline
*Specific gravity (S) «Pressure (p) - Pathline +Bernoulli equation
v know how velocity changes and energy transfers in fluid flows are +Viscosity () *Total pressure(F) - Acceleration -Linear Momentum e
«Kinetic viscosity (v= ulp) *Buoyancy(Fsg) -convective (@) 1o iar Momentum eq
related to forces and torques. +Bulk modulus (K or E + Stability - temporal (a)
ulk modulus (KorE,) Relative equiliorium *Material derivative +Steady/Unsteady
v understand why designing for minimum loss of energy in fluid flows +Surface tension (o) *System & CV +Viscous/Inviscid
) ) *Vapor pressure (p,) *RTT(Reynold «Laminar/Turbulent
\_ is so important. Looking for the transport theorem) .
pressure variation *Deformation(Ch.6) ~*Compressibility
in the rest fluid *Rotation(Ch.6)
(Basic principle of
Fluid Statics: p=yh)
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Ch.5 Finite Control Volume Analysis

J/of o= o 2 9ot MO Uy
7l 7S SHHES et S Summary of terminologies

/ v
I::>| Differential analysis: Ch.6 | i V- = AAx = AVAt (volume) i
| Q=AV =volumeflowrate |

H i

Integral analysis (CV): Ch.5 | i m= pAAX = pAVAt (mass) i

H i

H i

H i

H i

H i

H |

| Small scale analysis

| Large scale analysis

m = pAV = massflowrate
Experimental analysis |I::>| Dimensional analysis: Ch.7 | G = AV = weightflowrate
/

VR ZAIE (BZHA0] A 29)) 0§A] XIHEE Al(Governing equations)
- Continuity equation (H&%WAEAN: @3 4] 7|2 WHARIEEHA)Q=AXV

ol
«Newton’s 2 jaw (M¥E 2

SY HEHA 250l A2t ¥ = Bl(Force)
«Newton’s 2" law (2t 25 BEHA]): 2t 2S9| A2} BIgIE = £ (Torque)
«Newton’s 2" law (Euler(HIEA)) X Navier-Stokes(HA) 2SHAAl): 810| I (F:ma)

- oot 1HEOIUXIE Z=HEAL: Bernoulli equation): 014 SMI QWX
- oot | 2WHA|(NEZT SIHHA]: AX M2 WX E‘é(energylossor head loss) BJ}

< EX BH AL MAMHX](Newton’s viscous law), 0] A [ M| A& Al(ideal gas equation) S
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5.1.1 ASHIMHAISE

/AIAE"(System)L} A& (Control volume)0fl LSt Review
- System: NFE ZHH WOl SAO| ETM (LY L2 EF)
(B2 ALY ZH S 204 NIUX] S (A2 EZ0 o 20i(closed) AS)
+Control volume: 3ZH0ll LA HIX(FHIJL BHE S 8)
(R UUXIE BHE SLE = AS @A 20 o S (opened) AS)
‘/MAE"OH ma} xlEt E_.’EI:HXI

DM, (AIAE 22 AIZHHZLE = 0)
t .Lys‘ =0, ( s .Lys‘ )(a%‘% YYEAHL AT 81 2E)

VRS A0 et 23 HEMEA
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5.1 Conservation of M

—_—EH 1) -1 0

(R EHX] 0] HEM Al
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5.1 Conservation of mass

Continuity equation®| MM & 3t4 Z0|

bl I i =0 forsteady (HAQS: ZAHIE W 2 Wbl gle)
#0 forunsteady iz aQs: A U 22 WO} US. FH F= AL

j PV -dA=>"m,, — >, @IS S8t AEY)
{ V -dA: volumeflowrate

pV -dA: massflowrate
1K KS(TDLKRS EX0IM 2SR HWH WA HIM

jcspV'dA:PM‘A‘COSH{awo" tinflow (cosd:-)(

TEIJ A XA 1K K S@L[S EL)A B
oV

0<90° : outflow (cosO: +)(25)

2(cos#=1 or -1) rd e
£ .

Summary of terminology

{ V- = AAX = AVAt (volume)
Q= AV =volumeflowrate
m = pAAX = pAVAt (mass)
m= pAV =massflowrate

G = AV = weightflowrate

Cantrol

. /
e VM
)

b

DB,

o _7} bpdV+j bpV -dA (3kH2 RS0 [H‘“Reynolds ama)
Continuity equation: B=m,b=m/m=1 ‘. ' ! o [
D _lo . AR S IR EHE G
ke BE: otk PV [PV 0AS Oss%yﬁ)

BUXHOZ AK|BH % HOF AKX cvel BEAAIE)E

AlAE 2o zoE =239 i

Al ] 30| ¥ S8
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-dA= p’\/HA‘cose = pVA=pQ =ri(kg" /) y}
V:M:m@a B3 &%) j o
PA p
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5.1.2 AT 1] HEO| i= AAHIA
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v AT 1] HE0| gl= HAMIE (Control volume) 22 0Kl 5.1~5.5

D ) oo _
aLyspdV:gLv pdv+jcs pV-dA=0 H0I( HES i 9k)

: net content
CEFTHESmO gt

0
MAIQE0| HQ: aLV pdV- =0 forsteady
ICS p\7 .dA= me, —Zmin =00l 2Z3Y, net mass flowrate)

7 .dA = —0(®X Moa
jcs\/ -dA= chm _zQin =0 (B0l HIXK]Z, net volume flowratf)
+:cvUEg St Section (1) (=)
~
—cviEg s

A RSN LIRS 2L 2L SRS WEH WA AIM

J.CS oV -dA= P‘VHA‘ c039{9<900 soutflow (cos@: +)

0
HEMRE B9 [ pdv 20 {

60>90° :inflow (cos@:-) PrhsF
1XHE RSUIM E2UQS BEO| A B WIAE AIS
. . _ j pV-dA
[ PV -0A= pVA= pQ=rh(kg'/5),V =2 — = e mase)

5.1.3 22]0|1 HHEO0l = HAHIA

A A
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5.1.4 BY0Ol= HANIE

vHEol= HAHHIH(CCV)
- 1% ZAIS: ZAIHOL 37100 AIZHO 2t BIRH0ks 2. = ZAK0] SX01= Z20 e
-YBETE X0/ WY = ZAHH0 K RTTE JHE 8 Its

B, .
o= O bpdv + [ _bpW-dA=0
ot Jov cs
e 7 e T

Dt
cvit gz CVIHHY, X HAIHO0I SX|0|HN HY 0122
CVHIME A2t g2 AN 5= 2L E= 832
0| M= 01 52 CcVASRTA RS TT R RS T US
(&, HIH AIZHH2LE) (SEE2RE HE0HA HILt0HOF SHTH= 2l0l)

+0llXl 5.8 X 5.98 S0 AISSHE LI Xt
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VEEZE(V,,)E 2501 8Y 8= ZAWIF(CY)
HHST A AHSETE RTTOH H2: HIMSOI JIAHY!, Sl SO U 2S£ S

yt X-y ZHEH: 20 0% HEA
T . xy HEA: 015 ZHH (=CV 0IS&E)
/% | Vi MHEE(V, =W+ V)
- - V,: CV OIS £E(=Vcy)
e — |
- cmees L W SHSECVOHIMHIZIZ V, S5, W=V-Ve)

Of) EAS T v,=30i, I OIS &E V,,=6i
MHET W= V,-V,, = 30i - 6i = 24i

DB, el - 0 L
Sys —
5y vapd¥+ PV dA=— jcvbpdv+jcsbpw dA
cLHEE(V)E SHO0IE HE 8= AAMAHCV)0 et 2ZHEHE
DM 0 .
sys . ote: MY Gl k= E2H s
o _BIICV bpd\,urj'csbpw dA=0 Note: #18 8= ZIAIHIZ(CV) I

STV FREOIBRTINUAE BR)E
Y0l ot 250 eS D200 . O ST
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5.2 The Linear Momentum and

Moment-of-Momentum Eq.
Qg X 4RST)
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A al IS =2l U AL A (=X g1 A al JIS =2l U AL A (=) ——3-1:
5.2 MY A AT WHA MERSE 5.2 M3 X AR WHA MERSE
v MY 2= 20| MO|(Definition of linear momentum) y Wikl vMY 2 YE (Conservation of linear momentum)
- ME2ERP) = A"-m) x ST(V) (HEHDY: B I8 JHE) o + QIF20| S W] B= H(system)UIM MH MY 25T A2 HEEILL
- Q0| ZHE0HX| B2 SHIC 5 XX S Ml 0| LS 2 SAOIL
vMY 2 HYLE(Change of linear momentum): A, A& (Impulse) dB  d(mxV) ~
- AFTHS FILe Al SO AE0I0 2SS0l mv,0IM mv,Z Hot 2t 3L = =ma=F
+ dt dt
E - d(mxV) ~
dt HH 50001 9FE 8 if £=0 > 9 _0  F-Constant
Exdt = d(mxV)=dP g aoy G dt
Fxdt = dmxv)= HE A= 1. 1235 vExamples of conservation of momentum
Impulse(% &) = Momentum change(2E 3} — o
t A . 2 m
fodet :L, d(mxV) gsdmi,) + (B2 F) - (252 mi)
VMY 2 Y BIYLE (Rate of change of linear momentum) = 8 (Force)
E:d(mxwzmd—v+vgz=mé:ﬁ
dt dt dt da —
2STHPIE = SHI0]| Z20l= 8 What can we do using the Force?
Fluid Engineering Lab., Jeonbuk National University
5.2 Aldd gl 2IQ=2l HIAH AL AMAAQ=EL 5.2 Ald gl ZIQE=El HIEA AL A|E L2

0il) OreH &t 201 201 242} 2 kg, 4 kg2l F EMIIL 22t 4 m/s, 3 m/is2 2S0LCt

=} =2
ES0IAL. ZS 2 Vv, 0lsms2 W, BS 2 vy
7 m

ml\71 + m2\72 = m1\71Ur mz\izy
2kg” x (+4m/s) +4kg” x (~3m/s) = 2kg” x (-5m/ s) + 4kg" xV;
V) =+15m/s

Oil) OkeH &0t 2201 R 0] 2+2t 80 kg, 100 kg@! OIAIZ 9] fullback I} defensivet
212t 3 mis, 2 misE 2S0IC SSOIALL FE F F AR IS5 Wa2?

) 0132 288 Haty
A(m\i) = m(\72 _\71)
=0.3kg" (50— (-40))(m/s) = 27kg'm/s

ml\71 + m2\72 = ml\ilur m2\72’

i) 2 AIZHt=0.1s2 U} HEI} S0l E 2122

80kg” x (+3m/ ) +100kg” x (-2m/s) = £ _m, -V)
80kg” x (V) +100kg” xV t
27kg'm/s . g
V, =+0.22m/s :T:ﬂOkg m/s* =270N
(m1=80ka) (m2=100kg) - )
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4.4.2 Reynolds =58 d|9| Scl A oA

vReynolds &8 RTNE 018 ?_' SHl 85 XIHHLEA gt

DB, X S0 ot
[ == va/’d*“ [ bV dA]ge*yfo,dsi'gg Flash%
Work Power »}:.'r.w,kwj

1) Continuity equation: B=m,b=m/m=1 e =
Counral Volime.
Dm 0 v Mase Bow 1 [kfoi
vadwj pV-dA=0 e

2) Linear momentum equation : B=P=mV, b =mV/m =\ H=Fewer Q=i ]
DP 0 L
2o+ V(o 08)=
3) Angular momentum equation: B=H=rxmV,b=H=rxmV/m=rxV
DH o . - R =
E_ajcvrxv,;c1\7t+jcsrxv(,;v-dA)_T

4) Energy equation: B=E,b=E/m=e
DE 0 DQ DW
=l ey, e(pV -dA)= TS
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522 NESEE WA B

TNESEE WEANewtono| H2BH)0 B2 I8

- A IHA: YEEE0IEE=0)Z XM 2F0t= X HH|(Control volume) (Ch.5&)
HIHA T EA: S0t Bol=0s #0)E XM 2F0l= ZHH Hl(Control volume)

- U Q= ZAIA = Y HAEC B2

A o|n
00
N

/Reynolds £ R NESSTUTA o HMTE K9)
[zﬁ —F+F = % [ Viedv-+ J‘CSV(pV‘dA)] Flash %
1) BAIQE(steady flow)0] AL : @j Vpd¥- =0
2 1X8 22 859 22 [: mean value®ayosT Mg
@AED) D2 F=F+F = .[csv(/’\i'd'&)
v, =] —V, = (+\71)p’\71HA1‘ cos180° +(+V, )pNzHAz‘ cos0°

R LG
=—pVPA + VA, = m(vz _Vl)

X
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‘ /AI*E'(system)Oll I

UY2ST LHA(Newton2 HI2B )
-y EHHI()I*EJ} &t LY ZEF XM 2F0k= ZHEA)0 ol Mg

= dm = pdV (mass)
Vpdv Fys
Dt s z ’ dP =Vdm =VpdV: (momenturm)

zed | = | vaao mso
Sms || oo
vaAAHIE(Control volume)lfl S MBS E WM A (Newton O] M2

fr ro

—szfj'\iv+j PV -dA)=3"F =F, +Fy +
oc L Vedv = [ Vi B o +Foy + Py
AIAEIO] cv U S0l tot cvol BEAAE S
Massmo | S| ameszo S0t NEesao|
AlZteste AlZHstE "‘Ulﬁgi

v AT 1] M= HAMIE (Control volume)Oll THSH M

HACT

contentof the controlvolume

(G 1 Vv [ V(o )

=)
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T Meym mEH O o0 ZEE
(AAHES)

—
A EAHR) A

v,
Y]_ﬁ* = S F =] V(eV-dA)

522 MEQESF HINMAIO| MR
L. O oOo
3) Control surfaceE Sl0l= 2SY %E“\(momentumflux)”’u Note: flux
define as the rate of flow

of a property per unit area|

Step #1 : mass flux (o -dA)0IM dot product®] £33 #X !
PV -dA= pV||dA cosd = p|V||dAlcos0° =+ p|V||dA| : OutflowR &)
=p‘\7HdA‘ €0s180° = —pNHdA‘ SInflow(gey ;o
m V =scalar
Step #2 : momentum flux(v(pv dA) YOHIMV O 83 2H c0s0° = +1
cos180° =-1

= (+\71)pMH/:\‘ c0s180° +(+\72 )pNZHAZ‘ cos0!

/]

0y Y ZEA)
Note: HI&t 21IO| ¥ = _ 2 270 _
24 HEA0 e werg lnje: =—pVPA + VA =V, V)
Fluid Engineering Lab., Jeonbuk National University
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LLOUT OO oo 1 =
Ex 1) Control surfaceE S1I0l= S5 SHA ZMWY
ZIE: gJ‘ \7(p\7dA)§ v[csp AdA:J‘cslpledAiJrJ‘cszpvz‘dAZ
[ ! = pV,A|cos180° + p\V, A, |cos0°
Case 1) (@AEE) :—p’\/lAi‘+pN2A2‘
- T\'TO_WJ Outflow

V, = —
, A EAHE) A ,
YI <= el
X
Case 2)
V, =
i

SV (o 0R) = [ (0B ) Vi (o )
=(W) (=P MA)+ (V) (+o VoA )
:’PV1ZA1 +pVZZA2 = m(vz ’Vi)

J‘csp\i‘dA:.[cslp\illdﬂiJrIcszpv‘z AdAZ
= pMV,A|cos180° + pV, A,|cos0°

i :*P‘V1A1‘+p’vaz‘
v, fow  Gutiow

y .[cs\i(p\i-dA):J'csvl(p\il-da)*—fcsvz (ﬁ\iz d&)
X =(V)(-PMA) +(-V:)(+2N:A)
=—pVPA - pV,’A, = m(-V, -V,)

Fluid Engineering Lab., Jeonbuk National University

520 MESST BIMAI0 Mg

Solution)
1) mass flux calculation

[V dA=[ VoA 4 [ oV, dA,+ [ oV -dA 4 [, oV, dA, =0

T [T
:—pMAiHszVZ -dA, +pN3A3‘—pN4A4‘ Ec';

= _pMAi‘ + J.Az ,0\72 . dAz +m;— p‘QA‘

IAZPVZ ‘d'E‘z :pMAi‘_ms‘*'P‘QA‘ :

—[56.7kij+
S

=0.666m/s

100049
m

PNoA|-+33.3kg /s
v, = 333kg’/s / 333
2 pA /1000005

A :—/0.666j (m/s)Ez B0 =2l

* 3
- x0.02m?x3™ 100059 x0.03™
S m S

Fluid Engineering Lab., Jeonbuk National University @
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5.22 NUSES ™AO| Hg

Ex 2) Multiport(Ct& YEF)E S Mass flux and momentum flux 2 9HH
Given: A =0.02m’, A, =0.05m* A, = A, =0.04m’

V,=3im/s

m, =56.7kg" /s (outflow)

Q, =0.03m*/s (inflow)

p=1,000kg" /m*

V,=?
Find: mass flux and momentum flux
Assumptions: 1) steady: (8/4t =0)

2) Incompressible: (p = C)

3) Uniform properties at each section:
[+ mean value (@3gtoZ gk

Basic equations: 3
i) continuity eq. : 0:70’\{-[(:\/ pdV+J.CSpV-dA

i) momentum eq.: Z F= IfB + Ifs :g{.[cv p\7dV +LS\7(p\7~dA)

Fluid Engineering Lab., Jeonbuk National University @

522 MUSS WX N

2) momentum flux calculation
> F=[ V(v da)
= [ (V- 0A )+ [ V(0¥ o8, )+ [, V(0¥ -0, )+ [ Vi (o, -dA,)
i) section A, (inflow)

[RALYACLY S AL VRTARSAEAN

x—direction:V,, =+3i (m/s)

Fluid Engineering Lab., Jeonbuk National University @
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ii) section A, (outflow) ST

[, 8 o] 0 ﬁLL*

x—direction:V,, =0 (m/s) v—l_‘ ’_f
[V, (0¥, -0, )=+, |V, A,| = (0)1000x0.666x 0.05 = ON

@

y —direction:V,, =-0.666j (m/s)
[0V, -0, )=+, | oV, A = +(~0.666)1000x 0.6660.05 = ~22.18N

Fluid Engineering Lab., Jeonbuk National University @

(522 ME2EE gmNol K

iv) section A, (inflow) Al
JL Vo 0A, )= V| pV.0A| =] oV, ; %

x—direction:V,, =V, cos60° = 0.75c0s60° = +0.375i (m/s) —I_‘ ’_f
@

LAVA(/’VA 'dA4)= _\74x‘PV4A4‘ ==V, COSGO”‘pVAAL,‘
=—(0.375)[1000x0.75x0.04| = ~11.25N

= —{~0.65}1000x0.75x0.04| = +19.5N

(SSHAO F2: 0 8 HHEAS IIZESE HAI

Fluid Engineering Lab., Jeonbuk National University @
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5.2.0 MUSE HIMAIO| Mg

oo (=]
iii) section A, (outflow) N
J.A3\73(P\73 : d'&s): + A3\73‘pV3 : dAa‘ = +\73‘pV3A5‘
x—direction:V,, =V, c0s30° =1.418c0s30° =+1.228i (m/s)

= (+1.228)‘1000><1.418>< 0.04‘ =69.65N

y—direction:V,, =V, sin30° =1.418sin30° =+0.709j (m/s)
IA3\73(P\73 : dAa): +\73y‘pV3A3‘ =4V sin 3OD‘PV3A3‘
= (+0.709)‘1000><1.418>< 0.04‘ =40.21IN
2sguasE-=-g [
HEO| alll E}H JIEL jab, straight, hook, uppercutOILC}. e
HEUE FTHEZ(m): HOHKI B2)2 28Z(mv)S 018 TE 2T (9)E EFO= 7I=0I0H

VoA +V, [ VA V,, =-+V, c0s30°

Fluid Engineering Lab., Jeonbuk National University @
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v25d =HHIF(Momentum correction factor): WS T M Al IH AR
b

o

< X1 FLRS I AHIRS Y01 X0l HY (BASET AS0 LE Xt 2E)

Q=[V-dA=V.A

m:ICSpV-dA:pV~A

1-D|flow

3-D flow
HIZ 20| ZEI0f US
(=2 &Z0 IEAILF0R)

S F=[ V(v dA)= oA
@ seale VUo7 )= Fx ] V0

2
= 1 (Vj) dA= 4 =1.333 (laminar flow)
AJcs\ vV 3

Fluid Engineering Lab., Jeonbuk National University @
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A OS2t Ui X Al A2 A O 2k HE X Al AN

2.2.2 ngoo OO_IQI o 2.2.2 Jg'u'_'oo oo—lgl o
v'Generalities for solving problems (EHIZ0] 2HHA]) v'Summary for momentum formula

HAQE0| AL WNCIX o= AN WS SR NUSE | AIZHISIE 2 00|k

ENBON 1112 RURESE SHO HUZ0I VBRI 0] RrT | PBys _ 0 [ bpdv + | _bpV dA

MEPSTS WHT 0|02 WS =0 (@Y NYUE JIE 252 4% BEHIIE) Dt ot s

-ZAIEE SEHE0] 2 X0 AHOIE SS0H= Fo (&3 BEE)2 of=0) ojgt 20|T 3 S— S

-MEesT HHANS O HARIE It Q= M, Mass 0=fj pdV+f pV -dA=f pV -dA

-l SHIS THOK=H HRDt 22 AAHER0) XS0l A=, MU NuSS WY, Xl gt e <

ol S0, ZIAHHIR LW A SH SONQl th ZHEC m=[_pV-dA=pAV (massflow rate) ~ Mass:

Cwewdso Cs B=m,b=m/m=1

P

Q=J V.dA =AV (volumeflowrate) Momentum:
cs B=P=mV,b=mV/m=

Mom | S F =F, +F, = /aa{fcv\ZodV+ [V(oV-dA)=[_V(pV -dA)

P _dmN) g g F xdt =d(mxV) = dP
dt dt — -
o=ar - Ir;pulse 2=y
See  msoinm @52) Hate
Fluid Engineering Lab., Jeonbuk National University El Fluid Engineering Lab., Jeonbuk National University El
Definition of two forces (F, and R) Example: 1174 H| 9!
) 0120 252wl ClXi 6-3) vGiven: Q=2ff/s ¥Assumptions
A(mV) =m(V, -V,) r - V. =150ft/s 1 Nofriction
. . U 2) No potential head (Fg=0)
=0.3kg" (50— (—40))(m/s) =27kg'm/§g . 02135 2 Steady flow B
i) ZHAIZHt=0.1s2 [ BHEJ} S0l = &2~ . 4) Uniform at each section
= m(\V,-V,) 27kg'm/s vFind: R=? 5) No pressure effect
Bat=f=T=27ON(+x) Q=2ft/s —= ﬂ". F. . ) )
i) E2AIZH = 0.152! I 20| BHEO] = 2122 v, =1501t/3 X [, Basic equations (Momentum eq)
— — =ol - = _ = 7 T 7 AN
(o =—Fau 270N | Gt \ = Y F -5 = v+ [ V(o7 -0A)
v'Solution (SN -
Fo= Fu=[ V(oV-dA) SiLssle esudus e
— - . A2=XE0IE 2SI net momentum
z * % Jes VWP ] ] L]
201 BHEO0H Jtet 2 =0t 201 = 2 =—Fy, = [_V(pV dA)emmon e nz am
SHI TEOIJtetel | Wm0l Q0 Jte <
SHITEHII0 Tkt | 201 REI0 T B! -Fy = st(pv ~dA)=V0X\ PV A cos180° +V, | oV, A cos0°
SHIJEcv ol Jtet 8l cv 0l R0 Jret &t L
SHIlcvM Sl | cve o= = (Vo) VA (Vo COSIIS Y Vo A (-V, cosds’es seret ol
(esg Holg) TRV Bl(yF=ma) =—pV2A+ pVACOSIBE = pQyV,(cosl3s’ —1)  OiEvIEESE)
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @




Example: 1A |0l
—F,y =—pV2A+ pV2Acos35° = pQuV, (cos135° ~1)
=1.935slug / ft*x 2 ft* /s x150 ft/ s(cos135° —1)
=-990.98(slug - ft/s?) =-990.98lb,

0=135
Y
F,, = 990.98lb, (xy EHE: () e N %—_ A ./j
X

Q’ \
R, =—F,, =—-990.98Ib, (xy TH: (+) $&) ‘, WY
— |
. ~ o - Q=2ft/s 2 /! —Fa
z F=F = ICSV(pV 'dA) V, =150ft/s 1 o q TFAy

'LAPg_a"/‘ \\‘\\

=+F, = st(pv ‘dA)(EtEOII ot eie Az A
+Fyy = [ V(pV -dA)=V, |0V, Alc0S0° = +(+V, Sin135°)| oV, Al =+ V Asin 135
= pQ,V, sin135° =1.935slug / ft*x 2 ft* /s x150 ft/ssin135°

=410slug - ft/s* = 410lb, (xy BHE: (+) W
R, =—F,, =—410lb, (xy EHE: () )

Fluid Engineering Lab., Jeonbuk National University @

d,=d, =10emp, [EXEEEENT EA
Patm

FEEFEETT
&
1
he]
5
[1]]
I~

Y
\
v Assumptions v'Basic equations (Momentum eq.)

1) No friction .- . ) - ~f = =
2) No potential head (F5=0) 2F =%:r Fs =/ZJ{CV pwav +LSV(PV ‘dA)
o e

3) Steady flow

. . CV Csil cvo CsS8 ot
4) Uniform at each section ;_:;ggll-f &.gg','é PP ég}g et ,ﬁ)iﬂ,{mm
=} o pigkg

vFind : Fy (S 030 e e)
SFE=F =] VoV dA)=0 (v, =V,)

Fluid Engineering Lab., Jeonbuk National University @
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o
522 MEARST UHAO HME:. QU IS
VEUUH RS SHE MM HZjol EXt
\ E\/ ) \
A > <A A - -—A

>V (R HEE AHE 8T
o HYE BHZ S FE0CVE MF
U R2 2 WHHOIM |00 22
= ZHYSIIESE ot 8HDIL 0L

>CV2 (HYE AN = 4F)
TE TSt AN 9 B B3 cvE MY
Ui R2 T QB0 A8, S NHOL=H 0ISEL
=, WIS JIZQE 8 HI0IXIR A8 EL

»Basic equation »Basic equation
R T R B B RO N
=F=[ V(¥ dA)=0(2 5= W3t 912) =F :Ls\i(,ov‘-dA):o(%%—%k W3k ¢lg)
=PA-P,A-F, =0 =PA-PA-Fy =0
Fu=(p=p;) A Fa=(p— o)A
p: LS (absolute pressure) p: HIOIX| 2= (gage pressure)

Fac 2 HEHOI VOl JHot= 23t 20l 818) Fac U8 NYOI=M 228 (39 20| AS)

Fluid Engineering Lab., Jeonbuk National University @

v'Solution

522 MHS =2t HITAIO]

i) x-dir.
> F=F, =LS\7(p\7-dA)
=PpA-PA-F,=0
Fu = PA - P,A = p,,A = 20kg, /cm? x%(lOCm)z
=1570kg, (xy:(-)dir.)

ii) y-dir. iii) Resultant force (R)
>F = Fsy:jcsv(pv-dA) F=FL+F.
=—p,A+ PA _)N:lhow _%uid +F, =0 =2220.3kg;

Fuy = PPy = DA, = oy A, = 20Kg, /e’ x 7 (10cm)’ 2
=1570kg, (xy:(+)dir.)

Fluid Engineering Lab., Jeonbuk National University @
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(=) dixd A X o x4 A
HUSST UNAO X Ju Qs 5.2.2 ME2Sat U
vGiven: d, =600mm, v'Assumptions =5 HA
d, =300mm 1) No friction
n ? —140kPa 2) No potential head (Fz=0) V, = m =1.503m/s
1gage ) 3) Steady flow ”/4(06 )
Pagage = 4) Uniform at each section
0 = 45° V2 misolmls
N 714(0.3mY 3
=0. m°/s T = A
PZ)II{‘_P(gage pressure) Q=042'Ts
vFind: R (RMI7H 0 JKH Q) p p, Vi p, V2
@l 8Tt o= . ) T +z—C Sy l=T24 02 d, =600mm,
(| B AD) v'Basic equations (Momentum eq.) vy 29 y 20 y 29 d, =300mm
= 0 2=
ZF=PB/1 L, VAV [V V(oV -dA) I AN pvovi)ep, — Q04ZmUs
SN — 2 29 29 T[T TR
cvol  csol cvol CSE Sillet
Igol=x80k 25y e net momentum 1 .
2 2 woig = 51000(kg Im*)(1.5038° —6.00% km/s)? +1.4x10°Pa
2 F=F ZICSV(PV -dA) =1.213x10°Pa
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
Lo K=J d A By | o (=) d A
522 MERST UHAO ME: JUES | 522 MYURST WHA9|
v'Solution ii) y-dir.
i) x-dir. — — —( = =
. _ o e - F=F, =| VlpVv-dA
SF = F, =[ V(oV-dA) SF = Fy=[ V(v -0a) )
. _ . . =—p,A,sin45° +F, =V, |V, A |cos0°
= p,A — P,A, €0s45° —F,, =V, | oV, A|cos180° +V,, | oV, A,|cosO o o
. \ ) . =+(V,sin45°)|pV, A | = oV} A, sin 45
= —(V)|PVL A+ (+V, C0s45°) oV, A = —pV* A + pV,* A, cos45 L 2n Ao
. Fay = P,A,8IN45° + pV, A, sin 45
=pQ(\/2cos45 —Vl)
= p.A - p,A, c0s45° — pQ(V, cos45° —V, ) =1.231x10° Pa>< x(0.3m)2sin 45°

=1.4x10°Pax 7 <(06m)” 1. 231><105Pa><—><(0 3m)>

—1000( ‘:ng ]xo 425[ - 1 (6.01c0s45° ~1.503km /s

2,260N (xy:(-)dir.) Fo Ol £7)
R, =—F, =-32,260N (xy:(+)dir) ZEHAS

+1ooo("g erof(m/s) ><—><(O 3m)? sin 45°

958N (xy : (+)dir.)
R, =-F, =-7,958N (xy:(-)dir)

[ pel
1Y
=
o

Fluid Engineering Lab., Jeonbuk National University @
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(010
JH
e
10
o

iii) Resultant forces of R
R +(R,f
=/(32260)" +(7,958)° =33227N

R, =32,260N
9

R, =—7,958N R=33227N

Fluid Engineering Lab., Jeonbuk National University @

Example: #ll S

i) z-direction
SR =Wy W+ Fy - A = =[ V(o -dA)
s
Fr = V(pV -dA)+W, +W, + p, A

=V, |0V, A| cos180° +V.,,| oV, A,|c0s0° + W, +W,, + p,, A
=(-V,)|pV,A|c0s180° + (-V,)|pV, A, cOSO° + W, +W, + pyy A
= (V)| VA + (V) AV, A+ W, + W, + Py A
= (+V2A) = (PV7 A) +W, +W,, + Py A
=V, =V, )+W, +W, + p, A (M= pAV, = pAV,)
=m(w, —w, )+ W, +W,, + p, A

Fluid Engineering Lab., Jeonbuk National University @
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Example: #ll §S

Example 5.11 Linear Momentum-Weight, Pressure, and Change in Speed
GIVEN: Water flows through a nozzle attached to the end of a laboratory sink faucet with a
flowrate of 0.6 liter/s. The nozzle inlet and exit diameters are 16 mm and 5 mm and the nozzle
axis is vertical. The mass of the nozzle is 0.1 kg. The pressure at section (1) is 464 kPa (gage).
FIND: Determine the anchoring force required to hold the nozzle in place.
SOLUTION -
Puas) ~ Prcarmy = Prcoae) v Assumptions

1) No friction

2) Potential head (Fg#0)

3) Steady flow(d/ ot = 0)

4) Uniform at each section (I—) mean value)

v'Basic equations (Momentum eq.)
SE=F +F = ,{j{ [, oVav + [ V(o -0A)

—
csOil cv g9 CSE Sdt
20l= SSTYHUE  netmomentum BB
v'Solution
2P =W, W, +F, - o= Pigh = = [, VeV -aA)

FB

F

Fluid Engineering Lab., Jeonbuk National University @

Example: #WH 8

m=pwA = pQ = (999kg / m*)(0.6liter / s)(10~°m?/ liter) = 0.599kg / s

. 3
w, :g: QZ _ (0.6I|te2r/s)(10 Zmlllzter)Z _208m/s
A (D /4) =(16mm)*/4(1000°mm*/m?)
. P
w, :g: Q _ (0.6liter / s)(10~°m/ liter) —306m/s

A, z(D214) z(5mm)®/4(1000>mm? /m?)
W, =m g = (0.1kg)(9.81m/s?) = 0.98IN
W, = p¥.g

v :éﬂh(Df +D2+DD,)

1 (3omm) (16mm)? + (5mm)? + (16mm)(5mm)
" (1000mm/ m) (1000°mm? / m?)
=2.84x10°m?

= (999kg / m*)(2.84x10°m*)(9.81m/ s2) = 0.0278N

Fluid Engineering Lab., Jeonbuk National University @
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. o s |
Example: #Hl S Example: S |5
F,, =m(W1 _W2)+W +W, +p A Example 5.12 Linear Momentum- Pressure and Change in Flow Direction
n w
o GIVEN: Water flows through a horizontal, 180° pipe bend as shown in Fig. E5.12a and illustrated
=(0.599kg / 5)(2.98m /s —30.6m/s) + 0.981N +0.0278N in Fig. E5.12b. The flow cross-sectional area is constant at a value of 0.01m? through the bend.
;z'(lem)z The magnitude of the flow velocity everywhere in the bend is axial and 15 m/s. The absolute
+ (464kPa)(1000Pa / kpa)ﬁ pressures at the entrance and exit of the bend are 207 kPa(abs) and 165 kPa (abs), respectively,|
4(1000 mm*/m ) FIND: Calculate the horizontal(x-y) components of the anchoring force required to hold the bend.
=-16.5N +0.981N +0.0278N +93.3N SOLUTION » -
cv &= |2l . Assumptions
=77.8N | 7"?'”‘”'5 g 1) No friction
(FuTt (DBS R 29 WRHO| ZEUS, S xHEUM (+) 28 DI S| 2) Potential head (F;#0)

3) Steady flow(d/ ot =0)
4) Uniform at each section (I~> mean value)
v'Basic equations (Momentum eq.)
S F=F+F :/gfcv AV + [ V(v -dA)
U] L2l Sitet
i Csl Ccv % CsE ot
¥Solution NSOI=Y  SSUWAB  netmomenum KIS

Sy = Faoy A+ DAy =[ VoV dA)(E.‘a S, I I 2O A WY NS
F ,x-y SSHIM = 12i A0l OFL)

Control volume” g

@AHHS T HHE T2

Fluid Engineering Lab., Jeonbuk National University @

Fluid Engineering Lab., Jeonbuk National University @

Example: S S Example: S F
! xedirection = p,AV, = (1000kg / m*)(0 01m2)(15 /5)=150kg /
_ _ o - - m= = m . m/s)= S
S —F, ~[_ V(o -dk)- 00 $20= H0I21 LDi= B0l 2t00=) AR g g
S , = —(150kg /s)(15m /s +15m/s)
ii) y-direction | — (207kPa —101kPa)(0.01m?) — (L65kPa —101kPa)(0.01m?)
Z 'Ey = 'fAv + plin + pZQAZ :ICSV(,DV 'dA) if R Pras Paome
— o F,, =—4500N ~1057N —637N
B o e =—6194N (Fa b (- REAS, F xyDHUAM (-) yHe
Fo = [ VoV -0A)- piyA — pyy A, «
=V, |pV, A|c0s180° +V, | oV, A,|c0S0° — p, A — P, A, )
= (V)] PV,A[cOSIB0° + (V,)| oV, A cOS0° — i, A — Py A, -
= _(+V1)‘/7V1A1‘ + (_Vz)‘pvaz‘ =Py A- U A, Ma= I

=-m(V; +V,) - plgAi_ ngAz (m =pViA =pVZA2)

Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
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Example 5.13 Linear Momentum- Pressure and Change in speed, and Friction
GIVEN: Air flows steadily between two cross sections in a long, straight portion of 10 cm inside
diameter pipe as indicated in Fig. E5.13, where the uniformly distributed temperature and
pressure at each cross section are given. If the average air velocity at section (2) is 305 m/s, we
found in Example 5.2 that the average air velocity at section (1) must be 67 m/s. Assume
uniform velocity distributions at sections (1) and (2).

FIND: Determine the frictional force exerted by the pipe wall on the airflow between (1)-(2).
SOLUTION
cv 40 901 HHAAS v'Assumptions
2 0 mis \\_ 1) Friction in the pipe
2) No potential head (Fz=0)
3) Steady flow(s/at =0)

—_—
P2A2 Flow

Section (1) Pi Section (2} . .
3 :CBI,;S kPa (abs) " P ::1;; 4Pa (abs) 4) Uniform at each section (I~> mean value)
= Sl v'Basic equations (Momentum eq.)
R, 2 LI SAI AKOIQ) B (D1 . - o = =
(®HI7FCvill L2 2) SFE=F+F :gjcv VAV +[ V (oV -dA)
vSolution S~ S~

cv =2l CsE st
) H20l=3  SSTWIE  net momentum H3LE

=R A Py = [ V[V -0
F

Example

Fluid Engineering Lab., Jeonbuk National University @

Example

_ P, _7D;
T R

2
= p, AU, :(R"TZ J[”i’z ]uz (R=286.9 /kg-K)
2

B 127kPa(abs)  (10cm)? (305m/5)=4.21kg /s
(286.9J / kg.K)(252K) 4 '

2
R =@(agom_mkpa)—4.31kg(305m/s—67m/s)

X

= 4422N ~1002N
=3420N

. g DHOH=H AREE Y »
08ms 3 (@S TUOITS cvE MFE B9

—-
B X — =
P2Az  Flow R, P, A=-F,
Section (1) Pipe Section (2) —_
3,420N =-F, + P, A
py = 690 kPa P, =127 kPa
T, =300 K T,=252 K

Fluid Engineering Lab., Jeonbuk National University @

i) x-direction

Z 'Ex =—Ry + PransA — Paans A :Ics\i(p\idA)
FS

-R, :Ls\i(p\i'dﬁ‘)* Prabs A + Paans Ay
:\ax‘plei‘COSlSOO +\72x‘pV2AZ‘COSO° = Prans A + Paans A
= (+V,)| 9V, A €0SL8O° + (+V, )|V, Ay | COSO° — Py A + Pos A
= 7(+V1)‘pV1A1‘ + (JrVZ)‘sz Az ‘ - plabsAi + pzabsAZ
=MV, =V1) = Pras A + Paans Ay (M= PV A = pV,A,)

Ry =My =V;) + (Prans = Paans) A (A =A,)

=M(U; —Uy) + (Praps = Paabs) A

Fluid Engineering Lab., Jeonbuk National University @

Example

Example 5.14 Linear Momentum-Weight, Pressure, Friction, and Nonuniform Vel.
GIVEN: Consider the flow of Example 5.4 to be vertically upward as shown by Fig. E5.14.

FIND: Develop an expression for the fluid pressure drop that occurs between sections (1) and (2
SOLUTION

v/ Assumptions
fw 1) Friction in the pipe
Pz 2) Potential head (Fg#0)
__section @) 3) Steady flow(s/ét = 0)
4) No uniform flow at each section (S Z £ A5 1)

Control volume

v'Basic equations (Momentum eq.)
SE=F+F :,gjw VAV + | V(v -dA)

csoll cv s CsE silgt
Igok=e 2SS MBI  net momentum HBHE

cv #4380l |2
(HHAALS)

__—Section (1)

v'Solution

Z 'Ez =-R, ~Wiig + PransA = Poans A :Ics\i(p\i -dA

F

s

Fluid Engineering Lab., Jeonbuk National University @
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i) z-direction
z F =R ~Woig + PrasA — Prae Ay :Ics\i(p\i'd’/:\)

E

s

R, = [V (AV - dA) Wi = P A + oy
=V, [PV, A[c0s180° + |V, [V, - dA,[C0S0° +Wiig = PraseA + Poass Py
=(+V,)|pV,A | cos180° +IA2 (+V,) [V, - dA, | c0S0° + Wi — Pras A + Prass Ay
=~ VLA[+ [ V)]0V, - A [+ Wiy = Prae A+ Prae A,
= () WA+ [ (W) [ oW, - DA+ Wiy = Prags A + PPy

272
A _ R _ R 2|4 L
_f@ o J'A? W, pW,dA, —pJ.O w, 27zrdr—27zp-[o (2w,) [1 (Rj } rdr

oz

. ) el . R?
(szzwl{lf(%j B: bind) =27p(2w;) [r—2?+?l =27p(2w;) 3

Fluid Engineering Lab., Jeonbuk National University

Example

V2SS TZAI0 et 0y

tm 1) &3 (1) OIM

P V(o i
__Section (2) IMV(/)V 'dA):pvlel - ﬂ_.‘;lpslzzAi)_l

[V (97 dR) =, wepman, =2 pui (R
) JY(7-0R) 4
; L e B= A;le ) =5-133
o (ST HIZ 0| ESEI0] U01,
i E2 2201 ISR F0A)

:_,,.,-r(:unum volume 2) & (2) 0L A

Fluid Engineering Lab., Jeonbuk National University @
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Example

'[ WdeA2:27rp(2W)2R—2:47rpwfR—Z:ﬂwzpzz'RZ:é ,
p, V2PN S 3 3 3
-R,=- (‘*'Wi)‘ﬂ"ﬁAi“*'_[Az (+W2)‘/)W2 'dAz“*'Wuum = Prabs A Paans A

4
:*WEP(HRZ)JrE”prRZ +Wiig = Prass A + Paans Ae

-3
% £ p(aR%)
Since A =A,
1
( Praps = Paaps ) A= gﬂpwlsz +R, + Wy
1 > R Wi
(Puae = Pos ) = 5 W tATTA @UEEJIEeR CcvE HER 29)
1 5, R Wi o = A A HO
(Prgage — szage)=§pW1 A @eMEYIESR cVE HER ER)

Fluid Engineering Lab., Jeonbuk National University @

Example: =& RS

e (A - A )
Py — e P55
uy

Section (1) / Fy
/

Example 5.15 Linear Momentum-Thrust
GIVEN: A static thrust stand as sketched in Fig. E5.15 is to be designed for testing a jet engine.
The following conditions are known for a typical test: Intake air velocity = 200 m/s; exhaust gas
velocity = 500 m/s; intake cross-sectional area =1 m?; intake static pressure = -22.5 kPa (abs);
intake static temperature = 268 K; exhaust static pressure= 0 kPa = 101 kPa (abs).
FIND: Estimate the nominal anchoring force for which to design
SOLUTION

v'/Assumptions
1) Friction in the pipe
2) No potential head (Fg=0)
3) Steady flow(d/ ot = 0)
4) Uniform at each section (J'a mean value)

Control volume cv MF0 R2I: HIOIXIZAIS

Uy - —
™ Section (2)

v'Basic equations (Momentum eq.)
‘ SE=BE =2 Vv« [ V(ov-dA
TE S 5t Jov s

. csoll cv %ol CSE st
v'Solution A80t=8  2SZHUE  net momentum HIDLE

2, = Fo* Puse A~ Pry = [ V(07 )
F.

s

Fluid Engineering Lab., Jeonbuk National University @
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. = . ==
Example: = & 85 Example: « & 85
) x-direction Ak Fp =m(V, -V;) - plgageAi + ngageAz
Zﬁszm'*' Prats A — Paavs A = Pan (A = A) @ A A(kg*
=204 - |x(500—-200)m/s —22.5x10°Pax1m® +0
ot (P~ P (PriAy D) | 2 Jeton-200)
— _ —[ V(oV-dA =83,700N (xy:(+)dir) (3 Al AAHIZ)E DFol=H 225=9)
Pt Pue s~ e =V () — et AUEI U HE10] QA TEAO Jbe rral)
Fo= LSV(/J\NZ\)* Pigage A + Pagage R, =—F, =83,700N (xy:(-)dir) (AZI0IA LAt xH=)
7 o\ o D (HATIA T} jet AR HT( T8 &)
=V, | PViA[COSLBO +V,, | AV, Ay  COSO° — Prgage A + Prgage Ay
= (+V1)‘PV1A1‘ c0s180° + (+V2)‘pV2A2‘COSOU = Pigage A + Pagage A
= *(+V1)‘pV1A1‘ + (+Vz)‘pV2Az‘7 plgageAi + ngageAZ
= m(Vz *V1)* plgageAi + ngageAQ (m=pV,A = pV,A,) l_.i*l'l
1=&= (78.5kPa) x (L000Pa/ kPa) ~1.02kg" I’ Thrust D, %L
RT, (286.9J/kg-K)x(268K) — )
m=1.02kg" /m®x1m? x200m/s = 204kg" / s Weight
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @

Al =af i A bofk=2 = o AladL=at Ui Al o f=) = o
VUBAE = JIa@THD) = AAHE B0 8= 29) D v 20 v —
CQHAET S0/ B gt ZAIT: SH 0HZ0I 201 (OIS HIO! SH) (@A ZAMD) Dt s VP =2 [V pdv+ [ VW -dA
SJIATE W S ZAIE: BAN A9 2| U8 THOKS A SH) (HIZA BAHIE) 5e - o
CUH Ei AT B ANNE: 2H 007t oY & YF= L Vodv+ [ VoW dA @88 N2HsiE - 2)
VEEEE(V)E SH0I= Y 2= dAIE(CV) ) Yo R A - WA v
y X-y HEH: 20 08 DEH fgfcv(W Ve )POV-+ [ (W Ve, ) pW -dA. (v (RIHEE )= WATHEE) + V)
e . xy BN 05 HEH <oV OIS AE) o S
/)% ! Vi BUHEEV, =W+ Vey) =aj'cv w +ch)pd\7L+'[CSWpW dA‘; ICS pW -dA HIZZM0| B2-=0)
_ e V,: CV OIS £E(V,= V) — ormia b
T T WS ARV HRIR Y, A5, W) ;o EESE AR
: O) EASE V,=30i, HIQ OIS & E V,,=6i == [ Wpd¥+ [ Vi, pdv+ [ W pW -dA+V, [ pW -dA
ATHEE W= V,-V,, = 30i - 6i = 24i o e aev cs &
“ unsteady term CV acceleration m

X
VAREE (V) OIS, MY = ZAMIECV)H S RTT N ~ Ny, av=[ a . AR EE I
= [ W (oW -aA) oo P TN B P g i il 2

o
- BHSE(V) B YHEEW)E 010101 28 & AS

SF=[ W (pW-dA) B HAZY RS, LBEE 015 AAHH A
cs -\\p-\ ' '
Al

2o
T (EAIH JIE SUHSEE S |2)

DB, & = D o o o S
Dty -~ LV bpdv- -+ jcs bpV ~dA—>aLy5Vpdl+ = LVVpd\#+ LSVpW -dA

Fluid Engineering Lab., Jeonbuk National University @
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Example: 01'S H| 9! Example: 0|5 H|9!
Example 5.17 Linear Momentum-Moving Control Volume i) x-direction
GIVEN: A vane on wheels moves with constant velocity V, when a stream of water having a Zﬁ - |f :I A (pV\7 dA)
nozzle exit velocity of V, is turned 45° by the vane as indicated in Fig. E5.17a. Note that this is
the same moving vane considered in Section 4.4.6 earlier. The speed of the water jet leaving the -F _J' N (pW dA)
nozzle is 30 m/s, and the vane is moving to the right with a constant speed of 6 m/s.
FIND: Determine the magnitude and direction of the force, R, exerted by the stream of water on —W. ‘pW AACOSlBOD +W. ‘pW AZ‘COSOU
the vane surface. (2 HIEJ} HI2I0ll J10tE &, R) “
0 0 0
SOLUTION Assumptions = (+W, )| oW, A | c0s180° + (+W, C0s45°) oW, A, | cOSO!
e, v 1) No Friction =—(+W,)| W, A| + (+W, COS45°)| oW, A, |
o ;
/ 2) Potential head (Fz#0) = (4Wrh, + (+W, c0S45°)rh,
3) Steady flow(9/ 6t =0) Lo
A 6><10 m’ R e ii) z-direction
— 4) Uniform at each section (I—) mean value) L - o
e =30m/s Loy 76m/s *  vBasic equations (Momentum eq.) ZFZ =Fa _WZICSW(MAdA)
t w _ I,
4 [+) () P ZF :J.cs w (pW ’ dA) Fac :J.CSW('DW .dA)+W
Solution Wi =V -V, =+W,,| oW, A,|cos0° +W = (+W, sin 45°)| oW, A,|c0S0° +W-
S F=-W-F,=[ W(oW dA) =(30—6)m/s=24m/s = +(+W, 5in 45°)| oW, A, |+ W
R =+(+W, sin45°)m, + W
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
Example: 0|5 H|Q! Example: 0|5 H|Q!
According to the assumption of no friction: W, =W. F . E
o v a=tan? A — gt 250N _ g6 70 P
W, =V, -V, =(30-6)m/s=24m/s =W, Fax 101.2N
m, = pW, A = pW, A, =, 66.75°

FAX
OIIM FE HIIZAHIE)E V=emisQ SEZ RXI0I=H Tt !

W =pgAl=
Fy, =(W,)m, — (+W, cos45°)m, =W,m(1—cos45°) = AN A (1-cos45°)

. s s EFIHHI0 J18t &2 FOl BHH £ 8 T R
=(1000kg/m’)(24m/s)*(0.0006m*)(1—cos45° i
(L000kg/m*)( ) ( ) ) R,=-F, =1012N 66.75
=101.2N((+)ak: ZEAHEH0| 2 EIUS. x-z BHH: () B
R, =-F,, =—235.6N
F,, =(+W, sin 45°)rm, + W = pW,” sin 45° + pgA | L
= (1000kg/m®)(24m/s)? sin 45° + (1000kg/ m?)(9.81m/ s?)(0.0006m?)(0.3m) '
SOH= HIQI0) 0|0l HANOL= S (IO X Weto =511 ) 20
=233.97N +1.64N OI'S0h= HII0) 2l0H ZU0l= SHMIA2 x BL2Z 0150kl AZ0 |2)
= 235.61IN ((+)ak: HEANO0| & TUS. x-z FHH: (+) W) Power=R)V, =101.2N x6m/s =607Nm/s =607J /s =607W = 0.607kW ~ 0.61kW
F = [FZ +F2 = /(1012N)? + (235.6N)? = 256.4N
uiltd & 2F AS
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
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VIt is clear from the preceding examples that a flowing fluid can be forced to
1. change direction (28 ¥}
2. speed up or slow down (F& S £= 22)
3. have a velocity profile change(Z T2 0| H9})
4. do only some or all of the above (O] ¥ F= P& B
5. do none of the above (Y12 A & 0l AT HToIXI &2) (BOIE0| ZE0HK] = B2)

v Typical forces considered in this book include
(a) Pressure (243
(b) Friction (OF&)
(c) Weight (2 HI)

Fluid Engineering Lab., Jeonbuk National University @

50 M 9l eSS wRAl es
v2RS# 5E (Conservation of angular momentum)
< QIR0 S WX B Hl(system)UIM T 252 22 HEELL
+QAH0| ZE20LXI B2 JX0I= EHQ 25T 2 S0t
d—H:d(rme):rxﬁ:Ml
dt dt

if M, =0 _)C:TT:O - H=cC
v'Examples of conservation of momentum

momenium = mvr "
ity - ‘-!
4

H=FxmV=FxP=C

LIE’

<>

>

= c L 1
H ] Conservalion of ungular momentum —
- oy vy =g vy by

2022-03-03

& gl Z2IQE=2l HIAH AL 212
—_O0 O

o1
N
>

o X oo oo 1 1
X

V225 39| M9|(Definition of moment of momentum)
+ A28 = Hel(n x MY2EE(mV) = Hal() x B (m) x (V). YHS (G I8 I
258 PUE(Moment of momentum) = Zt2 S & (angular momentum)

Momentof Force(M,) = F xI
Momentum(P) = mV (R

Momentof momentum(M, ) =Pxl=mV x| (25
Angular momentum(H) =FxmV =FxP (&g

vZt2E Y BIYLE (Rate of change of angular momentum) = E3(Torque)

mV )+ x

dH _d(Fxmv) _ dF (V) d(mv)
t

g a dt Force(®) =SS M
_ ‘ / E9) - U= KIS
nssmuolE - ><(mV)+f>< dimv Torque(E) = U425 WIS

+FxF=0+FxF = M,

0 ZE0l= 22 RHE(Torque)

Fluid Engineering Lab., Jeonbuk National University @

(a) (b)

Fluid Engineering Lab., Jeonbuk National University

VEHIAXI et 2
-Eﬂgl. JloE%X

HaS

dm = pdV (mass)
dH =Vdm =VdV (momentum)
\7 = BAZENE JIZ0E B AN &5
E=E=1 ] [HOH (| ZHES FHOIH = LAXEH AHOZLE QAKX 4 XIHE

Fx— (Vpé\%): panlcle

%(VPN ) = a:panicle

—[(I’ xV)péV]——préV+r>< DWVpo¥) (E:VY \7><\7:O)

Dt Dt
=\7><\7pé\7‘+f‘><D(VpN) fxf:OA
. Dt Pxj=+k
0+ 7x 2V i =k
Dt
7[(" XV);JW]: r><afpamcle

Fluid Engineering Lab., Jeonbuk National University @
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(=) (=) (| E\ U Al o C (=) (=] (| E\ HI Al ©oC
523 AL ERsTIHE) HHAM 8L 523 U2 RsTTHE) HFA S
AAE L MH QM AXHS MK ZSHo o X otH vaAHIE(Control volume)lil (3t 22 HE WA Al (Newton Q] K2 A])
D n - = D - 0 - o = -
a[(?xV)PéV]—Fx(ﬂ:pamcle aLys(r xV) - = ELV (FxV)pdV + LS (FxV)(pV -dA)
D [esiyoov]= 2 [ [i7xv)pov|@a Satee Nzt ) el | g [opuEnge | o [cmzmcums
s Dt Dt Jss “Nzecis “Nztssis HOSSE

S X F e = 2 (F X F) s (SHIQITION NS 225 20] B = \IAHO| A2 )
v IFEEIT 9 gl AAHIE Control volume) il LSt S SSIHEWAA

D[ D= (<P,

(%J‘CV (F X\i)pdv +jcs (f X\i)(pv ’ dA): z (F x 'E)con(entof the controlvolume

AIAEO AIA S0l
esguE |5 X80t=
A2t H3l8 Qe E30 %

AN GAXI0H= AAIEL ZL: A2 JHXIE £3 = AW J0HXE £3

D(FxF)ge =D (FxF)ey

Fluid Engineering Lab., Jeonbuk National University @

Fluid Engineering Lab., Jeonbuk National University @

= Contral volume

\ o T UBEHD WY 8= HAMA

—
ISYRSY
(9]
<

-
=i
X
<

-

X
g
+

7]

.
=
X
<

-

=

A
<
o
>

=
1]

S
=l
X
T
-

= Section (2)

m 0l 31 A2

USRS S0 =)
ﬁ_‘[ | (RIHSE: D AAMSHUM 57)
\\ w

0 L
D BYRS ey 0w B2 7 [, (FxV)pdv- =0 i
N (CBOISAE: =& E70M =8

T,

2) 1K1 22 RS9 Z2: [ mean valueWIAUOE weh ™ v TV 2w U ) > V=W -U)
: e 8371 AMAI A S0k £ W
3) 21HZ ME0I HOHME CHECH 4271 21EAl 220}
(FXV)pV =FxmV Ol (FxV)71 012 mgl 2319t 0| M M2ae T3
Ry
Flow in
1%, HIZA

AN Y 25T
YU BIHOS HARS

NG PCSTEEE
TR 01

Fluid Engineering Lab., Jeonbuk National University @
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v'Vector cross product@}
<HWIE] F(cross product)2 QE

> Lot

Vector Cross Product : Fx\7 = \FHV

=lm
N
M0
oMl
op
0z
0
1z
JA
0l0

X up
HE|(right-hand rule)2 }E: 718 £33 31X W
in 6(+k)

ey

[

Fluid Engineering Lab., Jeonbuk National University @

vEIJZ2SE ANUHILE)
<2 M0l THHXI= S¥(power)

Power(P) =

524 2SBTHEZISSHUEHAI M
Toan = ml(i‘rzwsz‘)_ (i ‘%DJ'Z' (m =m =m, = ‘pVN

Work J(N-m) FxI(distamce)

0l 218t Z=Z=(shaft power)

FxV

time s
=Fx r(radus)xVT“
=(FxNo=Te

=—r\V,,Mw
=-UV,,M, (Lw=U,)

= m(rzvez - rlvel) «
Wit = Torn @, (W = power, W =work)

Woratr = U Vg5, (Wopag =Wepeq /M) (H9 ZBE Z5S) A7 QM Hal= E3 = cw

S w, 7 e Contro wolume

(FO: &7 AV WYY = ccw,

Fluid Engineering Lab., Jeonbuk National University EI

2022-03-03

fshafl = z(r X 'f)axia| = .[CS (r X\7) p\7 . dﬂ)

axial
(&0l 280k E3- AN E D¥ok=H Q% ET)

Tour = [, (F V)0V - dA)
=(1 ><\791)‘p1V1A1‘ c0s180° + (T, ¥V, )| 22V, A,|cos0”

nflowita OV Ol ramCY

= EEN[sin00° k), VLA |+ £ [1 V, sin 0%k |, v, A,

= (—)(i \q\NHl\E)ml + (i %V |2)m2
[CCW = (+), CW = (-)] basedonV

-l - V) <1, <[ v

Fluid Engineering Lab., Jeonbuk National University @

Example: 225 2STTHE)

Example 5.18 Moment-of-Momentum-Torque

GIVEN: Water enters a rotating lawn sprinkler through its base at the steady rate of 1000 ml/s.
The exit area of each of the two nozzles is 30mm? and the flow leaving each nozzle is in the
tangential direction. The radius from the axis of rotation to the centerline of each nozzle is
200mm.
FIND: (a) Determine the resisting torque required to hold the sprinkler head stationary.

(b) Determine the resisting torque associated with the sprinkler rotating with a constant

speed of 500 rev/min.
(c) Determine the speed of the sprinkler if no resisting torque is applied.

SOLUTION

v'Assumptions
1) No friction, 2) No potential head (Fg=0)

3) Steady flow, 4) Uniform at each section

_ A0, Flweu
\0/’\‘2‘“‘ = vBasic equations

|
T 7= 2 rioav s [ rilpv o)
N v'Solution: resisting torque
" /%"l;?\k\“; Force(®) =2Sg43s
T Torque(E3) = 4SS WS

Fluid Engineering Lab., Jeonbuk National University @
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Example: Z42SZ(ESSTHUE)

2022-03-03

(a) Determine the resisting torque required to hold the sprinkler head stationary.

H
=10

Inflow into CV =0

V,2[sin90°K) [, V, 4|

Outflow from CV

w: HEE, =5 EF0M =3)
(v: BHSE, AAHFHUM ZZ=w)
(U: =B0ISEE=0)

=+(-Ir
=+(=[E |V [K) . (COW = (), CW = (=)
= m(—\rzw,z\)ﬁ (m=rm, =m, =|pVA))
=—rV,,mk (CW)

=—r2V2ml2 (Vo =V3)

n m=pQ
~(02m)A6.7m/5)(0.99%kg / s)k _ (1000mI/5)(10~°m° /liter)(999kg/ m)

V, =16.7m/s (fromex. 5.7)

=-3.34NmKk(CW)

Example: 42SS(ESSTHE)

Toa = Ics (FxV) (p\7 . dA) . %i&:‘l
= (£ xV,,)| 0,V A c0s180° + (F, xV,) |2, V, Ay  cos 0° e

1000ml /liter
=0.999g/s

Fluid Engineering Lab., Jeonbuk National University @

=(1 X\igl)‘p1V1A1‘CO51800 +(1, Xvez)‘pz VzAz‘ cos0°

Inflowinto CV

Outflow fromCV
QN |sin90° K)o, VA L+ (£ 1 V[ sin 90°K ) o, v, A
OV, + 5V, m,. cow = (), cw =)
m[(i‘FZ‘Nez‘)_(i‘rl‘Nsl )]k (m =m =m, = ‘PVN)

= m[(i\Fme[ )— (i\FmHan )]IZ (Euler's Turbineformula) |

Va0l Il Xl= =S (shaft power): BXO| AL

Wsha!l = Tshahw
= m[(i‘rom”vunm )7 (i‘rin”v(}in )]wk = m[(i ’V/)om )7 (i
Um Nam )]
Fluid Engineering Lab., Jeonbuk National University @

U U,

Kk

e = O

out

(b) Resisting torque associated with the sprinkler rotating with a constant speed of 500rpm|

83| £E 57 BUSEV, =W, U, N

S
W, =16.7m/s \ T o=
U, = o= (0.2m)x (500rev/m|n)><(2.7r rad / rev) ~105m/s = [ ‘1 ‘
(60s/min) 34
V, =W, -U, =16.7m/s—105m/s =6.2m/s w: BU=RT, =& S0 =2)
N (v: ZUSE, TF ZAHSHUM 55)
Toat =—HV,MK (-V,, =V,) U =B0SEE)

=—(0.2m)(6.2m/5s)(0.999g/ s)k =—1.24NmK(CW)
(c) Determine the speed of the sprinkler if no resisting torque is applied.
T = (LW, +1,U, MK = (= LW, + r,r,0)mk = -1, (W, —Lo)mk =0
0=-r,(W, -r,0)

_ W, _ 16.7m/s _835rad /s - (83.5rad /s)(60s/ min)
r, 0.2m 2z rad/rev
=797rpm

Fluid Engineering Lab., Jeonbuk National University @

5.3 The Energy Equation
(O X] -4

Fluid Engineering Lab., Jeonbuk National University @
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Hi X Al _O O S tH X1 dix Al _H O St tH XI
5.3 M XIS A]-Hoqo! HI1E A 5.3 HiXIB ™Al Ao HI1E A
v 2 (work)ll HE8=(path function) vl go| SIHAM fg| (Joulel] &8 Al
Ot SHIo &S Jtol DIAHIL MRS I St 0]AMQ| dot product2Z HOIE|H,
AE8 = (path functlon) ol W=Q — §&N = f&
Internal
Work(J)= Force(N)x distance(m) ereanl i\ patn2
R g w'£0,q'«( 0= —OW ) (U012 HZ0] 0 : &t==(point function)& 210])
SW=F-dF Y q f(eQ—aw) wois =T
w :L5W=L'f-df Tompetire;T - S 9 :jQ_M —
v 1 first law of thermodynamics) : ARES
A worko] EeY: HSH HA goior Il 1 B ( y ) - Ol XI S|
W(J) =Fxs Volume, v N = W + dE
= Force(N) x distance(m) poin ,;ul;lzﬁon path f:ln[cliio:n [ ST ] [ A ]+[ oIExI g]}]
W() = F x5 = pAxs = pxV- =30 @220 A—0-w ”ﬂ
= Pressure(N/m?) x Volume(m®) =0-PAV gt volume -
Power(W) = pxQ= Pressure(N/m?) x Q(m®/s) (Nm/s=J1/s) | L \ =
s __,*_&h_g* wE
g o)
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
5.3.1 (IUXIWEA0 Q& 5.3.1 QIUXIWEAO| S5
VANAEI0 et Deist Hl1 HA vAAHIE (Control volume)0fl THSH 0l 4 X & & A1 (2 %ot HI1 %)
dE=0-W . .
D[ entv = et [ elpV )= (Quin + W)
- = Qi + W) bt -
.Lys pd Qm ZQDU\ 'sys (ZWIH z ou\ 'sys nelin + netin Jys
NAg0| HEE ol oo NAg =0l | [[zrmeor o uaw w=ol 1) SMEE 7Y S UT, SA0 A2t EWE. (+) KLY, () /E '{’ -
& numa S| aws o g0 o OIS WL ol 301 - . ] o ¥ ,‘
, ST uﬁ%)Q D" Qn—2_Qu =0 (adiabatic process 1 i
- | S8
/AIﬁE!l'ﬂ %XIUI: g*}ﬂlﬁg g'?' 4. (—!)W 2) %EI:E}E _—’ug . % EEOJ Al [1::] mg( ) (+) OOI () /:;‘ E'm,n,\wm
. - | =9 9=9 XL o1 A AL Gm=th+0,-0,- 8,
( netin neun)sys (Qnelin + Wnetin )C\/ E:;\/QV’: > / == Tess = JIE} (OIIIL-III ‘_E) !
O E"eg/ W, : Shaft work
vZAAHIE (Control vqume)OII S RTT Ol X A Al (S St i1 HA]) W =W, + Wi +V%ar AW W, : Normalstressat CV (flow work)
D Lys eptv = L[ eptv + J (pV d A) . W, : Shear stressat CV
®Wshaﬂ =Ty @ W,y : Other work
NARON HEEs — cvol BE@AEE
gone © | 5| G0N e || Su0s S ot Way = 2 Wapa =3 Wora
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
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53.1 QXIS ZA |5 53.1 fIHXISEAO |5

@OW,mar swess - NOrmalstressat CV (flow work) CV (system) UMUK MEE P UHT, 28, AXINUX]
QU Am RO0| ZAHIHOE QU I} 3 YQEY) OE,, : kinetic energy (due tochangesin flow velocity)
Y A dv dx dv
Flow work= Force(F)xdistance(AL) E> i E> MW, = Fdx=madx = md—dx maadx mvdV =dE,,
=(pA)x AL o2 ) & dt
Flow work _ (pA)xAL _ (pA)xAL _ p(AxAL) W =m| ~Vdv ~Inv L Vidyv_av €
) = 5 = i AL 2 Vv dt dt V+dv
untt mass " P . ’ o ®E,, : potential energy (due tochangesin height of flow)
_p_ Flow workat inlet = p,v; (workdone on CV toget fluid in)
T Flow workat outlet = p,v, (workdone by CV as fluid exits) oW, = Fdz=mgdz=dE,
SS2(Flow work) MEE

pe2
. S Do W, =mg|_ " dz=mg(z, ~2)=mgh
é\Nnurmal stress §Fnurmal stress V =cdAV =- p dA-v

Y, T ®E, ema - Internalenergy (U)
Wnurmal stress -‘.CS UV : dA = 7J.CS pV -dA

(due tochangesin temperaure)

®W,,,, : Shearstressat CV AU =Am(u; —u,)

A B T 1,
Mshears!ress _a:shearstress :TdApipewall V=0 E=U +§mv +mgz, e=u +§V +0z

Fluid Engineering Lab., Jeonbuk National University @
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I:II'I-IAIO o I AIO| A2
53.1 HIUXIHIH A0 RE 5.3.2 HILXIHH A0 M E
vOlU XIS ™A (S oo} M1 VIXHE Ol XIS ™A (Gt T A])
9 VAN F) .
at,[cvepdv +Icse<pV dA) Quetin + W ;Zi“fl‘n .[cs pv-dA [at cvepd'\f+ (EH— p+*+gZ]PV -dA= Qnetln Wshah]
normal stress P 3l
P o o . (RS
oo et + [ ooV AR+ [ PV 0A=Quuyy + Wi 1) BURS(steady flow)2l 2 : .j epdv =0
E_[ epdv- + | e+B PV -dA=Q,,, + W, 2) 1K1 22 RS9 2 [ mean value AU E weh
at cv cs net in V2 VZ V2
. I [U+£+—+gz]p\7‘dA:[U+£+—+gZ mom—[u +£+—+gzj m,
—Icvepdv +I u+p+ +gz PV -dA=Q.., + Wi cs p 2 p 2 ot p 2 N
— 3) 20| LUOH= Z2: HIZA RSO AIZEZ HES S BARSOR 3
(BAHIE W (BAHIEE SHHt (3228 (=Y ) )
o ErolE) Net 14X B11E) HgE)  HEE) mla, —u + 2] —[P] [ YV | g 2 )|= W,
out in p ot p N 2 oul m nel in f\e‘ain
_ _ AV . .
e:U+%V2+gz M| by =y, + ( Omz n ]‘*’ 9(Zow = Zin) |= Querin + Wf‘)gﬁ\"
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @
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5.3.2 QXIS =AI0| Mg

v YHHI(Closed system)OII {3t oist fj1HAl

== [= |

Q‘W s_W shear_womer = m{E (\/zz/,z\/li) +/gh'+ (uz _u1) + ( pzvy‘/pﬂﬁ)}
Q-W=U,-U,=AU
v IS HI(open system)0il [HE SO M1 A

L. . . |1
Q -w st shearﬁWmher = m{E (sz 7V12) + gh + (uz - ul) + ( P.v, — plvl)}

v B2/ S(pipe flow)0fl NS St X1 E|

}%\%W/m;—%r = m{g (sz _Vlz) +gh+ (Uz/zﬂl) + (v, = p1V1)}

1
:E(sz “VA)+ gh +(pyv,— pY,)
—_ —_—

potential flow
kinetic

Fluid Engineering Lab., Jeonbuk National University El

5.3.3 I X1 A A} Bernoulli A A Hul

F B HUZRH (B4 HLRY, HEY ]SO0 tol)

TS

MY 859 3L (1,

7U|n7qnel )>O

AN HIQEA, MM QE0 S Bernoul iBHEANRA

s

o
0
0
1z
1>
0

z
0
1z

2
pom Om +0Z0 = P "+ 9z, — (Unul - IJm 0Ot )
P 2 P 2
pOU( oul plﬂ |n
+0z, + 9z, — (loss
» Q2 = » oy T W (loss)

loss = (Uou! — Uiy = Ohet )
n

Bernoulli equation at steady flow state, inviscid flow

2 2 2
V—+gh+p=c, el =c, LA
2 P 2 2g /4

Fluid Engineering Lab., Jeonbuk National University ﬁ
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5.3.3 (I X1 & A4k Bernoulli & 4] Hlul

out +0z

Pou .
el 2

1K1 Z, Y

2

2

Pos, Ve,
P 2

VXS ™AL |:||or==;u
« £(shaft work)0| = AL

2 -
ofuo(2) (2] (%
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5.3.3 0il4
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5.3.4 HIZY QEO NILXILEA M8

vHIZ2 /S 2S0UX =ZH+ N
V2 . V2 V.2 | :Kinetic energy coefficient
I —p-dA=m| o, 2 —q, m 2
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Homework #6

v'Problem set for Ch. 5

2,4, 10, 16, 20,

26, 30, 38, 40,48,

54, 60, 66, 88, 92

108, 112, 116,132, 134
(20 problems)

HMIZ 18k chapter 5. Al ©I| 2™
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5.4 2nd Law of Thermodynamics-
Irreversible flow (HIJ1¥ Q%)
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