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D> F=ma

Fs +Fy +F =ma
du
F,+pPA+u—A=m(a, +a,)
dy
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Learning Objectives in Ch.3

V

v discuss the application of Newton’s second law to fluid flows.

v explain the development, uses, and limitations of the Bernoulli
equation.

v use the Bernoulli equation (stand-alone or in combination with the
continuity equation) to solve simple flow problems.

v apply the concepts of static, stagnation, dynamic, and total pressures.

v calculate various flow properties using the energy and hydraulic

\__grade lines

Fluid Engineering Lab., Jeonbuk National University @

Fluid Engineering Lab., Jeonbuk National University El

Ch. 3 Elementary Fluid Dynamics

v'Fluid and Fluid Mechanics(88 3 gH1<18h

Fluid Mechanics
. I
| Gas | | Liquid | | Statics | |Kinematics| | Dynamics |
Y F=0 ) > F=ma
. . «Acceleration(a)
Ch.1 Fluid properties Fy+Fy =0 Fy+Fy +Fy =Ma

. - convective (a,)
*Density (p) mg+pA=0 - temporal (a,)
*Specific weight (7= pg) «Pressure (p) «Transformation *Viscous / Inviscid
«Specific gravity (S) +Total pressure(F,) +Rotation *Bernoulli equation
«Viscosity () «Steady/Unsteady
*Buoyancy(Fg) «Lagrange & Euler .
«Kinetic viscosity (v= ulp) +Laminar/Turbulent
« Stability *System & CV «Compressibility
*Bulk modulus (K or E,)

*Relative equilibrium«RTT (Reynold transport theorem)
«Surface tension () ‘

mg + pA+7A=ma

«Vapor pressure (p,)

Generally, looking for the pressure variation in the rest
fluid (Basic principle of Fluid Statics: p=yh)
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Ch. 3 Elementary Fluid Dynamics

v Fluid dynamics (S8l %%} - ostE (hE): B10] W)
220l= SH(WH = J1HD2 HSA A (F=ma: Newton’s second law)
FE(v), 2€(P) S /Ml AEE Z2HS) H M2 S=Z M HAOl= 22X

HIZEA SMI: Euler’s Motion Eq.(22 2S WA A), Bernoulli Eq.(HILX] WA A
HM SHl: Navier-Stokes Motion Eq., Modified Bernoulli Eq.(3=3 I X2 Al)

.
Z F=F+F ol 1 Normal
— 4 to surface
CF 4Ry, +Fy *? T
Force acting
“Fytp-AtT-A il g

=F+ p~A+ﬂ(CjTu-A:ma (Fluid dynamics)
y >

o
—> Tangent
Fy to surface

=F;+p-A+0=0 (Fluid statics) -
Normal stress: o = F
F, : Body force a“
° Y Shear stress: v =
dA

F, :Surfaceforce
: Normaltermof surfaceforce
: Tangeltial termof surfaceforce

ul

SN

l

ST
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_ pvD _ Inertial force
" viscos force

b Fluid velocity

i Re

r=p—=0
My
DV =

— = —A

P ot p

Viscous fluids Newtonian |E> N-S Equation

du 1
“H Gy u#0 00
v D\; NG 1
< pﬁ:/f‘prﬁ»,uVZ\ii»gyV(V-v)

au

- T#Ep—

Incomp_ressmle (Ma<0.3) oy
fluids

p =const.

Compressibility

p=pRT

Compressible
fluids
p # const.
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E> Gas dynamic (Ma>0.3)
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3.1 Newton’s Second Law
(Newton Kl 2 B1Zh
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3.1 Newton’s Second Law

vHIRA SHI(nviscid fluids or ideal fluids)0fl 1 SHIS At ch.3
(2E QNE FAES 21 A2 DU EIME HIFA M0 HOHM O TH2CE
(HAKH0 et S SHs2 6 ZUIM 2MIol TiE ;v‘;ﬁigg!,g;;m
- HIEA SMI(nviscid fluids)0l 2t20k= &l(Net force)
Y F=F+F,
= FB + FSN + FST

=F +p-A+{Z)A > No viscosity = No shearing stress(t :Tx =0)
=F+ p~A+@%: ma (Fluid dynamics)

y
= F + p-A+0=m x a (Fluid dynamicsforinviscid flow

particle particle (2S0LXI(pvz/2)= UXIT M (OFE)0] 8= B
mass  accelerawn

—
Netgravity ~ Netpressure
0l orc

8= 3™ o+ oAd - B XIBE
\ J
Y
2t Sig s Dt Eos Wat E> Euler’s Motion Equation
(48, 8) (HIEY |Hl 82 28434)
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3.1 Newton’s Second Law

v'Basic terms in the analysis of fluid motion (\MZ2& 201)

- BYRS(steady flow): FSHA FOHT UM AlZHo 0l Tt S4B = /F
Z, fHl UXt= |U(streamline)?] HUUNOZ 22 FZ(FY)

0 EWdSHACLE XHMM 22 £5)

N (X YorZ,)

u=u+u
- !
- | — ,
Py 7 ! ‘ t\ -
|- - . t
o LFiuid particle -~
-
1 s —

t
| @ =d HAMQE(Steady flow)

T * ) u=d+u

HE L,
% HIA AR S(Unsteady flow)

YRS B 2E SHAMM AIZH S0 2HE
X

|
K
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3.1 Newton’s Second Law

Ch30IME RS2 ZRUTELD (Ch. 4Z0IAM 2T M0l &)
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« Streamline(R&): 2} HO0IM SHIXI £EHEHO HME HATH M.
YRS [U=-|NUA B2
SSYEDI Y HM0IZE |RUSIJIZIIEE /RS28S
U2 2K FSHM T O & CRIE /RS2 S5CEHAE

——

v (2)
—

3
LFluid particle

uid Engineering Lab., Jeonbuk National University ﬂ]

3.1 Newton’s Second Law

3.1 Newton’s Second Law

vHIE] O A (Vector analysis): 8, & S HWEZ M
HIEO] 3 QA X2X, W J|XMHE]), 371 — XHEH (Coordinates system)J} HQ

ST, oo

V =V(r,0,2) :/ V=V(s, n)L
s | :

Rectanguler Clingrics]

(]
(X ul ZHEH) (AS ZHHHA) (| ZHEH)

V =V(xY,2)

<

vHIEA SHl 2XI°] 22 (moving particle in inviscid flow)
JI12J14: 1) HIMA 83 No viscosity = No shearing stress (22 8=+
2) Y[ S(Steady flow): AIZHI Wt SV ]S (AIZH@ot)Z 2H)
) RUS IIZ= /S sMLXl= |fME WA OIS
HTYHE U HuYY.
(SEYHEM XSS |50

ZHEA: JI2IHE0 MBOI=E /M ZHEH (Streamline coordinate)

v'Streamline coordinate (4 ZHHA|): F=ma 28 A
2Kt RSN FMLS )M FAO| AW (N2 Z LIEHH ZHHN
ZTHEDL A QMESHs WSho| FMOISE HA0] If TWa(QM XEA A IR 2 &

1]

—Oo
~ | SEHEHIIZY U B(tangent)OI2E
JI19 SMESks) HAUEHE BAl OISEE 1L 2HHoDI BHg = AS

&) (s

P QUEEKs)
> Streamlines
X

@ ®)
« Two components in Streamline coordinates(SM X HH|O] £ AS)
Oll) X ZtEHIO| 30HK] ME: x, y, HHZ) T, |, k (B WEH)
1) M % H (tangential coordinate): KM A (s), FHIXIR 015 Hel HAI (5Tt )

o= =

2) A ZHH (normal coordinate): RO =AWk n), FLUO| ZES HAl (RU ZYS BHAI)
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3.1 Newton’s Second Law

3.1 Newton’s Second Law
A48 vEM R -_rl*' JES T HItkKtangential and normal acceleration, 2D flow)

+ Two accelerations of fluid particle along s(8Al) and n(%2!) (£ Il IS A

Ofl) Zm ZHEHIQI 37K IS E 8814, 4, 4, A0l EE}.O s : coordinate along the streamline
1) SM(EE= MM) Wt JIS T (o) QM WSHs) £ THIHE HA| \;}goﬁ}%ﬂ n: coordinate normal to the streamline
2) FH(EE FA) WS IET(a): FUQ FER)Q HKWS BIHE HAI - $:unit vector along the streamline
A : unit vector normal to the streamline
a= % v+ dv o dv o V : velocity vector tangent to the sdirection (V =v,$)
' =&, +4d, :
\ / Streamline L & v,, a, : vel. and acc. component along the streamline
‘E’)’ m v, a, : vel. and acc. component normal to the streamline
[T dr
/ y=dr
| dt
Yfrror SUS(s)dt KMl LXt /AXI(n=0, n=n,, n=n, )9 B
f Streamline (BMZ IIZXIE £ 21,
- QN 0Z 4 aS) =59 n2l 94X1 (0.1, 2 )0l Wat S2XICH= 2ldl)
V=vS$§( XA SEHEHE 24 KU HOI 528 ER)
— = = A a ov, oV,
as:div:ﬂﬁz\fﬂ (ROLTX} OF= 24) v, =v,(t,s,n), $=8(t,5,n), dv,(t;s,n)= Sdt+7 an
dod 4 dt  osdt s - as as %
| _dv _Vde VoV } D F=ma ds(t,s,n)= Ot o s —dn
e =— (-_'lé'J £5) - A8 (speed): scalar (37)
dt dt FB + FSN + FST =ma T (velocity): vector (3 7]+88})

Fluid Engineering Lab., Jeonbuk National University @

Fluid Engineering Lab., Jeonbuk National University @

’ ’
3.1 Newton’s Second Law 3.1 Newton’s Second Law
A2kt B0l [ME R SUY Hel(s)2t K SUS =222 Hel (n)0l et I H FHILX IIEEE BM X AU BT YE2E 7Y
DV . .
Sl0il Tzt - -as+an
= wige . .
Hele)= A D(v$) Dv,,  D§ (o, LOvds ovdnA. (08 08ds a8 d
ds =—t ==y, —= =184y, —72’
MU ZEYE: Y “at Dt Dt Dt ot 63 dt an o as dt ont
\ s
> Streamlines \S\XE““-I 2| WSk A KI(n)= HRAOHK S U SEME:V, :a (B2 ST HAUS sANCZ LIEHHOF B
~ n = constant — d——O FH 2X= S FUM HEY DS ([FM2 F9): d—n—O (~~ n=constant)
; dt @ugI=NZE s g S Moz O
OIAR2 RUEIIZXIEE /82 R N
ENoIN %28 ol v =0) 5. D) Dy, s4v, 2
v, =V (t,s,n), §=5(t,s,n), Dt Dt t ”
v, v, ds ov, d % o8ds a8d e
o, . oV, o, v, o, v, ds v, d LN gyy (05, 08ds &
dv,(ts,m) = Tedt+ Trds T dn» s =Tt %EQ( (at as dt | on (a[ s dt | an‘at
§ ov, ov, )« 08 &8 _75 W, 4,
ds(t,s,n)= édt+§ds+§dn —>$(t,s,n):§+§ﬁ+§d {*Ws*jsws(fwsfj] Note:d (L5, = e dt+ 2 ds+ 5 dn
ot dt ot osdt on4t ot s o "o Dv, a/ ov, ds v, dn
Do s
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wton’s Second Law
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0|w
|
<
)

X
=
4
[y

§|: 1 (unit value)
A : unit vector normal to the streamline|
A|: 1 (unit value)

AWE (52 M JFER)M] T $:unit vector along the streamline

! 58=|560n =50 (if limit5s —0)
(BHOI AFO H20HM, X 5571022 M0t
50| Ware SAISln)OF FIBH)

58=58(s+05)-5(s)= §+§5s _§:§55
0s s
N R R e . Note: Taylor series expansion
58 =|§ 600 = 50N, if limitss —0 op
p(x+dx) = p+&dx

= a
T §(s+5s):§+§6s
s

3.1 Newton’s Second Law

40| IhE It | AIOMH |4 T HE (5)2] AIZHHSIS
S58=5(t+5t) s(t)_(s+at5t) (s)_atzst

55 =3|0n = 500 (if limit 5t - 0)

s a1 o, \
Bst=oon > S imPa-24
at o abst a

v, x80=0v, — v,x 0 %
St ot

.80 .6V, 20 v,
v, xlim—=1lim >V, —=
5t-0 5t 050 St ot ot
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3.1 Newton’s Second Law

Rl(streamline)2 MEE= FHAXIC] MU X A& JEST

LB, 00, v,
oV, oV, ) . o8 S st ot
é:( 8[5 +V, 8—5]s+v5(65+v52—]<— gts 5961 5Hat R
s s g:—ﬁznﬁ:g(bs:%‘a)
S
v, v, (o, VE).
= +V,—= |$+ +—=1h
ot s o R
LEMIBE) o @Y IEE)
v 2 AIZHZO0| AHEIE IS ST EWE N2
a=—>+V,—*, a,=—t+> WSl $F:NO
a s a R EH £ ves. Why? (FATISEILET)
Ol MAQE (Steady flow, d/0t=0)0/l CHOH D200 B Xt (RU2 80 At 3
akok A1ZHIl W2 ¥3P} 8le Ba|]S(steady flow)] BL: % =0

a=|v ot S+ ﬁ A—a=v 9% —VSZ —
° 0s R as ‘s PR
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3.2 F=ma along a Streamline
(RUE Uil F=ma H )

> F=ma

Fy +Fy +Fs =ma

_,__,_—r——'_'/
= Als) n=n d
N u
_/(‘_/_\/—\ro FB+pA+yd—A:m(ac+a‘)
R y
- Streamlines

- v\, (V2.

— a=|v,—=|§+| = |n

s R
7
a a,
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3.2 F=ma along a Streamline

vRUE Ml F=ma M E(A-LH+SH)t 2200 St AIFSH T 0HA

Particle thickness =

OI2|HIAXE HIH: sV=dsxonxdy
OI2|HAX ZE: sm=pov
OIARMYXL B 6F5= oW=y x oV
OIAFHAXI0 220H= BHS: 2(p)

RUS WE} F=ma H g (RUWY B9 TY)
> OF, =0F,, +5Fy, =0ma,
1) Fgs S (Gravity force)0| QM Wat M5

e ©

W, =—6W sin @ =— (5% )sin @

2) Foys B4 WS HBEH(Pressure force)

Note: Taylor series expansion =°°
Cn(x—&p)=p_ RIS SE, =( ,ipé)(;ng ,[ +iﬂ§)§n5
Left face: p(x—5p,) = p % 2 sns = | P 2 2 y=| P % 2 Y|
. . ap Js [5/s IR op
Right face: p(x+dp,)=p+—— =——-050nSy =—— 5V
g p( p)=p 2 2 P y 2s
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3.2 F=ma along a Streamline

VM R0 (2! F=ma= SE HIZ0] BHAOILX HA) ]S

oo oo

RU-Au AHA A X FSH 012 BAHA
sin¢9:E
2
v _y v _1dv?)
0s ds 2 ds

op op op
dp=—ds+—dn=—ds (~-dn=0
P s +an}{ s ( )

p=psn)=p(s) > 2P

QU S F=ma T\l Z20H A,
7ysin 0— ap =pV ﬂ = pas Streamline
0s 0s

n = constant,

dz dp_1 d(v?) (.

}/ds ds Zp ds
dp+%pd(\/2)+ydz=0

b-ps)

Fluid Engineering Lab., Jeonbuk National University @

2022-03-03

3.2 F=ma along a Streamline

S0l Quume M2} BHX(A)E F=ma Ol LIAOHH, -
. N o,
> OF, =6F,  +5Fg =6ma, =omV — oy N

' ! 0s a, =V, s
=W, +5Fy, , = pSVV %

—ysinosv - Py = povv Y
s s
. op ov
=-ysinfd—-—=pV —
v s L s

ov . op
- pag = pV E =—ysing— g Newton’s second law along a streamline (§ direction)

V(-.\Ioclty= Weight + Pressure
change change
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3.2 F=ma along a Streamline

HI2 =AM M9 HL(p=constant)
dp+%pd(\/2)+ydz:0 - p+%pv2+yz:c

v QMg M2 Bernoulli equation (HIZ 0] LA Al

E+%\72 + gz = C (along the streamline)
P

p +%p\72 +yz =C (along the streamline)

i (m) +%\72(m) + z(m) = C (along the streamline)
/4

potential
pressure head kinetic head head

AT EEFH ®KEH HI38 =SUM si&

2= SMAILIIXIE
(AF+2S+ARNMUXIC B2 S8 2FetS o0l

R4S MEE Bernoullieq.8 RE0IE FHWIM HES 301X IH8

(1) steady flow of (2) incompressible fluid (3) without shearing stress(inviscid flow)
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3.3 F=ma Normal to a Streamline
(KMl X101l F=ma M)

> F=ma

Fs +Fy +F; =ma
R =R(s) B SN ST

n=m

T n=0 FB+pA+yg—;A:m(ac+at)

.
__,—? Streamlines )

OV Vo [ Ve A

vo—= |§+ A

Fluid Engineering Lab., Jeonbuk National University @

3.3 F=ma Normal to a Streamline

FU0 2SS S0 H““’“(‘éla)g F ma Ofl HOHH,
> 8F, =0F,, +5Fy,, =ma, = 5m— Note: R0 $3I0t et I8

=W, +5Fq, , = p(sv?

=y COSOSY-— psv p&\#?

0| v?
= —ycose——p =p—
on R
V2 op ) I
S pa, = pE ==y COSQ—B— Newton’s second law normal to a streamline (N direction
n

Velocny: Weight + Pressure
change change
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ormal to a Streamline

3.3F=maN

A10" ¢XI6| HIUF% |I|-

c} F=ma M 2(Y-AH+Z)B Z200 WSt XIFSHIT 01
OIASMAXL HIH: sv=sxonxdy
DIAK|HILX ZE: sm=pov
DAL Z&: oFp= oW=y x oV
OIASHIAXI0 2t E0H= B

|| 2ot BAS O} F=ma HE
Zan =5FB‘n +5FSN‘n =oma,
1) Fg, S (Gravity force)?] RMOl £-Z1W3 N2

W, =—6W cos @ =—(y5¥-)cos d

2) Fonp S0 =218 W3 B B2 (Pressureforce)

Note: Taylor series expansion

op on apb‘n). ( ﬁpﬁn) .
p(x— =p-—— OFgy . =| P—=—— |00 +———— |86
Upper face: p(x—Jp,) =p n 2 SN (D a2 y-| P n 2 Y|
i op on op op
Lower face: p(X+p,)=p+—— =——-050n8y =—— 5V
p( P)=p on 2 an y an
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3.2 F=ma along a Streamline

SO (St F=ma2 S E HIZF0| WAL $HA) R
SU-Zu ZEA A X S 012 BAA
<:os:9:E
dn

op . P op
dp=— —dn=—dn (- ds=0
P=s 9 G =0 ( )

ap _dp
" dn

p = p(s,n)=p(n) o

FUO == S0 S F=maE CIA| H2I0H
_70050_@:pﬁ:pan
on R
dz dp_ V?
Tan o PR

VZ
dp+den+7dz:0
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3.3 F=ma Normal to a Streamline

Hid=d SHIQ B2 (p=constant)

v? v?
dp+den+7dz:0 — p+p_[Edn+yz=C

VU =Xiph SS(HM WehS W2 Bernoulli eq. (HIZF0] WHAY
=2 (along the streamline)
P (Vv i P, 1y
- +J.?dn + gz = C (normal to streamline) #Virg=C

V2 p+1p\/2+;/z:c
p +pj'?dn +y2=C (normal to streamline) 2

Pm) + 2V (m)+ 2(m) =C
7 29

p 1.V? . pesaron oo o
£ +7J'?dn +2z =C (normal to streamline)
7 g
@Eas) (BERS) ges HIEY SS0IM, SM0l 218 W 0} MR

==g
@ANE) IHI= (2SR B ey wmetg o)

QU0 X9 WS 2= Bernoulli eq. & REOHS LHOIM Mt 3IHX I

SoC

(1) steady flow of (2) incompressible fluid (3) without shearing stress(inviscid flow)

2022-03-03

3.4 Physical Interpretation
(=clH 0HA)

Fluid Engineering Lab., Jeonbuk National University @

3.4 Physical Interpretation

VMO MM W HAMUISE Bernoulli equation (HIZ50] WAL 57(\/ %)S+[ﬁ
- H

R

a,

FH Xt F=ma (2SLFA)E 220t X200 22 2

pedoviem
~ constant

™ i

7

4

s
&\Normal to Streamline

: : \
A \ v
L \ pepipdns

. ~ — corsant

StreamTine

p +%p\72 +yz =C (along the streamline)

72
p+ p_l'v?dn +yz =C (normal to streamline)

v'9| = Bernoulli equation (HI250] WHANS SEOH=H| M3t JI1H
1) HIMA (inviscid fluid) : QI X £40] 12
2) HIZZEAM (incompressible) : LTI} SHA

3) MAKQE (steady flow) : AIZHE0] AHE

B > MHIRS(real flow)ilt X017t UAS
(AHILSH M2 HiiM=?)

Fluid Engineering Lab., Jeonbuk National University @

HAQE (steady Flow)HIM SN IIE= QM A2 IEE

=
((:‘/r'?t:D) - 6\/5 . VSZ .
d=|v,— |+ A
0s R
N

a, a
HIEAM Ml 8 S(Inviscid Fluid Flow)0ll L3t Bernoulli equation
n=0

p+ %,0\72 + yz =C (along the streamline)

72
p+ pJ.V?dn + yz =C (normal to streamline)

Fluid Engineering Lab., Jeonbuk National University @

3.4 Physical Interpretation

vBernoulli equation (HIZ50] WA A]) 2} 3to] 2 A
X+ SHUX| + AXILEX|Q AT 2 A

d
p(N /m?) +%p\72(N /m?)+yz(N / m*) = C (along the streamline)

B(m) +2i\72(m) + z(m) =C(along the streamline)
4 g

potential

pressure head m head
UEAE)  (BELE GRE)
(&5 282 (X
(EFHUX) (SHUXI) (SAXI01H X1

: & Bernoulli eq. 2(2SHIUXI + LHHUX + AKIUX)2 &2 FUE Wt 2

(EE RHIAXI 2E0ks ZE S0 Qo) WX 22 AXIel 2SUHXI SIS 20

Note: Bernoulli eq. R &-0lLX] 22lS 018010 R =0h= 20l 2EX A5 4H0IM CIE)

Fluid Engineering Lab., Jeonbuk National University




3.4 Physical Interpretation

2022-03-03

vBernoulli equation (HI250] L&A} 2t 20| 1 4: QME MZE= BR
AU + 2SHUXI + HXINUKIC o2 1A
B(m) + i\72(m) + z(m) =C (along the streamline)
4 29 potential

pressurehead kinetic head head

CEI D aanmy ‘

Hydrau:
grade ling (HGLY

Py
LEES)

AN
b 2(|HR =5) Don’t
-~ FORGET!
Pty !
B 5
Ed IR —_

R ‘
Stagnation

Datum

M Figure 3.21  Representation of the energy line and the hydraulic
grade line.

3.4 Physical Interpretation

Fluid Engineering Lab., Jeonbuk National University @

3.5 Static, Stagnation, Dynamic, Total P.
(Ed, ZHd s X M)

HH| (Stagnation, {i):

AIE0| 2HOLHLILIODIX| R0t 2t
TR0 HEd 28

HHIA (Stagnation point, {5775
HYSELNISHE S SESH
10| BHH0IM SE0] 210] =011
£57H00IE=R

Pitot-static tube

Fluid Engineering Lab., Jeonbuk National University @

vBernoulli equation (HIZ50] WHA]) 2} 80| AM: SM(j| +ZIot HL
AU XI + 2S0HUXI + /AXIIEXIC] ez 1Y

72
p+ p'[v?dn +yz =C (cross the streamline)

p 1,V? .
- +—_[—dn+ z =C(normal to streamline)
/4 g’ R potential
head
pressure head kinetic head

VEHYIDI RUE Midt 5M 28 0l= 8%
S (SHOIUXI+AAXI0ILXI) 21210l 0 P &TIEE0} 2E0HH &

: Qop JFHFO0| FHHEM2S)IH EHE FAIEEIH001 HO 252 ¥+ 2E0HE

Fluid Engineering Lab., Jeonbuk National University @

3) AH(P)illt SH(o. 1)

Classification of pressures % A

« 712t (atmospheric pressure, P.)

- BEWJIY (standard atmospheric pressure)

MoASEA
- ZAMIIY (local atmospheric pressure) Sam
« HI712 (gage pressure, Py,,)
+ I (absolute pressure, P, )= HIL+HIJ1
v Mot (static pressure, P,)
soior
v S (dynamic pressure, P,) e

v M (stagnation pressure, P)=M& + S &

Fluid Engineering Lab., Jeonbuk National University @
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3.5 Ml S Mt

v Terminologies (20 9|)
« H2k(static pressure, Py): 2 SHIC HHA QI MIIMH LH(E@SHUXI QI st
+ S2(dynamic pressure, Pyuamic): SSUHUXIE LHUUXIZE M2 Het HS o] o4
+ EHI™ (stagnation point) : £EIH00] &= & (RSUUXDL LSHHUXIZ ML BgEl= &)
* BNl (stagnation pressure, Pggnaion) = SHIEHMS &8 (= 3¢+ Seh
+ E%(hydrostatic pressure, Py,.): 2% SHIZ et J|SLH A0 QI8 2= (P=yh), HXINILXI

« MY (total pressure, Py) = SHITEIIXIL U= MH| 24 = L+ S + B
vBernoulli equation| 2} & 714: (AHNIUXI + 2SUXI + AXKINLUX)O BtS 2H

p(N /m2)+%pVZ(N /m?)+yz(N / m?) = C (along the streamline)

E(m) +iv2(m) + z(m) =C (along the streamline)
7

Zg otential
pressurehead et head Phead
@EEE)  GELE @RSE: WL 25 ML) e
(A=Y (28Y) (fIX12) érgsaﬂ;n
(AF0IUXI) (2SI (X101 XT) )

Fluid Engineering Lab., Jeonbuk National University @

3.5 82 Mgl S Mt

v Y (total pressure) = F(LHNUXI) + SLERSUUXI) + Z=LRH XN X))

p(N /m?) +%p\72(N /m?)+yz(N / m?) = C (along the streamline)

B(m) +2i\72(m) + z(m) =C((along the streamline)
4 g

pressure head m PUI::gaial

@HLE) RS G EXTE
@@=y (@5 (AXIE)

@HUUT) @SHEK) AKX

HEYE SNSSHM fME LEE |NUXDI = MY2 S LHOIH,

1 M2 FHAHUUX) + SSESULX) + I L@NULTNZ T A,

(OIUX] =401 l= HIMY RS2 Z2: &M §E2 QWX =43 U0 FO0{0F 2
Fluid Engineering Lab., Jeonbuk National University @
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3.5 X Ok I'lx."OI' S OF X{O}
Do, colNla, sua, e
v I SO (static pressure and dynamic pressure)
Open
%VZ 5 — — MO P =gy + Py =+ s =p(hy, +h, 5)=sh
@zas)| || o0 Dy tviy  GEUE SENS0 IUS NN 2D
BEFD) | mne as)  (EF A0 0Z0XT ASOH KA
N 1 \\‘I'/ o =TT
{ hys
1
S0k~ pv? V -0 _ (X O} &= OF
i S= 27 siitinoion se za wisz P2 ~(BHE)

V=V {v,-0}

£57100] ©l= XI™EE): MHIA (stagnation point)

vENIE, S X MM (stagnation point, dynamic and stagnation pressures)

(LE-2(R)0ll Bt Bernoulli eq. M8 (2,=2,)

1
P, +§pvzz(: 0)+7z,

1
p1+EpV12 +77

1.
P, = P +§pV1
stagnation static

pressure pressure dynamic
ressure

i
(Zueh Eeh S

Fluid Engineering Lab., Jeonbuk National University @

35 MHg s M2
vI|E MM (Pitot-static tube)2 0|28t M ==
5 (BHIY, P,

mU P BNY S Y OF: B

TON ( -
_— = 2E S
A (1t H(@)2 =01 XHE S AIOH, p,=p,=p
H (2% H(3) 012 QI X] £&E SAIOH, p,=p, Note:
A o)t ™ (2)01l HOH Bernoulli eq. ML (z,=2,)01H, M HB0 1mm 014 22

1 2 1 2 (2-(3)F A0l o4 X &0
YRS Z Bl (=0)+y7;

HO Bl= A= 2N AS

1
pfp:?vv2 (P,=Ps P=P,)

ps—P4=£pV2 —> V= 2(p37p")= ‘2Ap3—4 z(pslag_pslauc)
2 V P \I P \I P

((2)-(3) AHO12] DI XI &&10] DB KXl %2 0IE X! £

Fluid Engineering Lab., Jeonbuk National University
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3.6 Examples of Use of the Bernoulli
Equation (22 0l)

vI|E Mot

T ouau

Fluid Engineering Lab., Jeonbuk National University El

Fluid Engineering Lab., Jeonbuk National University El

3.6 Examples of Use of the Bernoulli E. 3.6.1 Free jet (XIGHIE)
vEZ|™z| A (Torricelli’s formula)
- @ p, =0 (gage)
- p, =0 (atmospheric pressure in gage
V, =0 (too slow descend)

vBernoulli equation (HIZ5 0] WX Al) 2} 3to] 1A
stoa2 g

AU + 2S0HUXI + /IXINIUXIC gtez
p(N /m2)+%pV2(N /m?)+yz(N / m?) = C (along the streamline)

=C (along the streamline)

potential

Py +Evemy  + om)
4 29

S head
pressure head kinetic head
AAUXT) BEFF (HX=F)
[CEED 2s5Y (AR 5 &8 (1) - 00l et Bernoulli equation (| 2501 BHA) XS : HIgtZ2 2ol
(AF0IU X (2S0UXI) (AXIONAXI)
MFE/VK +r7, = gg’%pv; +72,
vE E (1) - 2)0ll St Bernoulli equation (HIZ50] WAHA) M2 : HISIEAH =01
1 1 2(yh)
B VR 472, = Byt V472, R O r(a-g)=5p0 > h=opV? >V :,/7 =y2gh
2 2 } OIXIZ:(6)- WRA ) = 4 @0l c.“f,,,, AN LSO B2
AV, = AV, =Q(volume flowrate): HEWHA) Fom wss 2= 201 59) SemThE =< =
AV, = p,AV, =i (mass flowrate) «5 A (1) - (5)0 I Bernoulli equation (HI2 0] LA M
1 1 2 2
V =/2g(h+H) (=01 Xioll 21Z)
Fluid Engineering Lab., Jeonbuk National University @
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3.6.1 Free jet (XIFHIE)

2022-03-03

vBernoulli SFA|(012)1t X K52 x10]

2gh
ol (h #1910l Wt vIT X E)
%'—L OKOF d<< h O HQ
SUNI£TE BIAREE NG

JJ

_, =HWY(venacontracta) : FHI SF A0l 2A0H
V& 4 90°2 Z401XI 271 NS0 L44ot= @At

= SUHSB I A HM(a-a): Bernoulli eq. 519 sttt o

- gsEn EE%(‘ SN X, 7}’“IIEIOII M &[4 p,=p;=0

=Rz ARRIY AT EAL HIZ0| WHA HE 2

’:-T‘ ZH| A (volume flowrate) :
actual Aa a-a (VOIUme flowrate)

= C. AyeomeryVa_a (C, : contraction coefficient)

3.6.1 Free jet (XIFHIE)

Fluid Engineering Lab., Jeonbuk National University @

3.6.2 Confined Flow (281 85

N

v'Principle of continuity(2129] §gl)
X-IA[AIEH g*x{m OI.“ 6EO|| x'El g I%

SRCTT

20101 AN 4
X

20oT1Tro

HatotdatT) Ao = el

© 0l QoI MLEBIRO|
+ Volume (HIA, v)
V- = AAX = AVAL

« Volume flowrate (NI, Q)
V- AAX AVAt
= =" T AV
At At At
* * Mass (2, m)
o | M= p¥ = pAAX = pAVAL
« Mass flowrate (AEQH, m)
B L y mem _PY¥ _ pAAX _ pAVAL
P A AL AL A
-+ Weight (B, W)
W =mg = Vg = pgAAX = pgAVAL

N
“ ﬁg 62‘— OHIJ XIEEOEE(I:}_HAIJ}EI |El)‘_ ()ll—

= pAV

(O Time 1+t A% =VoAL .« weight flowrate (BERE, W)
AX, =V,At , _ g pVg pgAAx
W= = pgAV = AV
S=Vt At At At -~ A

Fluid Engineering Lab., Jeonbuk National University @

vOdot S Y ME ==Y D (FHH=:C,)

\L] ) \\ : Quar = AV, (volume flowrate)

= C. Aoty Va_a (C. : contraction coeff.)

/j ’/ J: A2 =CoAomey
[ i — Aﬂ*a ,ﬁ

pr— c.
A Ageorery A

-

———t
T vAN |S0AM Ol == 18t /Y
f G-0m
: t‘ Quctval = Av-aV(a-ajacuar (VOlUME flowrate)
¢§)ﬂ¢ Cc — Aa,a 7C Agecmelry v (a-a)ideal
Agem"e"y = C xC %eumelry (a-a)ideal
V, V,
HEH$: C, = el el = Cy AyeometryV(aayiceai
Via-ayideal J2gh
AV =C, Ageomeln/ v 2gh
QEN|L:C, =C. xC, = et Va-ajecua
a = Lo XLy A '_ZQh

Fluid Engineering Lab., Jeonbuk National University @

3.6.2 Confined Flow oI 2S)
A

E HhM Al(continuity equation): M HEMX]

YEAHL 225X &=

z
r|o 0
o; °

1) 2HE 32 W /S0l= /Rl 282 2Z
E ()HECZ fYUE M3 (Z)E.__E RE

2) CHHX HOL0 Mt £t Hatet

3) £X (2SULXI) HAC Wt 2 XIH
243 (AHUUX)O0I SAI0) Bzt

4) £ A0l SAI0 BHOI2Z HIZS0] &F
AI_IJ. Olml q*lg MAIS 5120“0' [-13

o=E

1 1
p1+§pV12 +74,=p, +§pV22 +72,

] AV, =AYV,
> Q /-\V sz - Volume flowrate (HIMS = Q)
A A Q=AV, =AY,

Vi <V |H :lpv +p+yz
2 + Mass flowrate (R, M)

H= p1+%pvlz = szr%sz2 m=p1AV1 pzAzV

Fluid Engineering Lab., Jeonbuk National University @
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3.6.2 Confined Flow (23l 8§5)
vB3S58 M (cavitation)

HHIOl A0l STIANMKI ZOIZ I 2480t

=AM HIS HA
Oll) 22 £712: 101.3 kPa(li71&) — 100°C, 3.5 kPa — 27°C

% mFigure 3.17 Tip cavitat
6 Pressure variation and cavitation in a  Fe
W
ipe.

ion from  propelir. (Photo
. Applicd Research Laboratu

Fluid Engineering Lab., Jeonbuk National University @
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3.6.3 Flow Measurement (8 &%

A )
=2 K =]
vBernoullieq. 8 S8% RBZY A: M2, =& HISY(ZIF SAT XS AIB)
FS UZ U MYEHE 200 2H-£5 HIL WIS 012010 R3S =8
SFOUIME MY X A=Y S NIt &4

£ 120Xl &1 0l & X2 SFAHT OIS (0IZE)
[

S & (1) - ()01l % Bernoulli equation B (z, = z,)
1 1
Py +5/7V12 +}l1 =P jLEpvzz +}‘{z
FE@D- Q0 e AZEHA F
Q=AV,=AV, &k

2
o
HOHAIM 22 HISE 018)

1 1
p,+ EPV1Z =P+ Epvz2

- P =P, :%p(vzz _V12)
| )

2 2
1
i w2
Vi<V, p AE S7H- QEX0HEED
pl > pZ
7, =1,

Fluid Engineering Lab., Jeonbuk National University @

3.6.3 Flow Measurement (

o)

o 2P P) AN 2(p-p,)
(A -A) pl1-(A1AY ]
_ I 2(p1_p2) _ !2(p1*pz
Qutear = A =A
Vel-(arar]  ol-4]

o
(,B=D2/D1)

SHOIZN2Z HIME /)
Qactual = Cd Qideal
=C.C, Qeea
=C.xC, A,

eome(ryvideal
(Mg =48 Ao &1l |8)

Ap=py-pe

/Y2 2 Xto MS200 i

Fluid Engineering Lab

., Jeonbuk National University @
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https://en.wikipedia.org/wiki/Venturi_effect
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3.6.3 Flow Measurement (§&2=4)

ZEd A (vena contracta) X HIH £&(% Eé’é) 248t &Ml 8 3H LKactual flowrate)
1) FHRUY: FMTY0) 2Bt 2R == (FHEHFC. )
(Mg SH2l JloetA ’—“.8%"—?91““""1“ ERQ HE2 2 Q)

)>

jet
A,
2) HidkEd: | N S0l THE fIUX &4 -ﬁE &8) (BEHxC X8
(B8, UR &4 S0l A2LIHEXH o2 A0 HZB2Z 5 &4 1d)

A Cc x Ageomelry - Cc

Vowat =C, *Vigw = C, :Vaclual

Vldeal
3 BEM SHUA I A UK NS T RBHS C, HE)
Cy=C,xC,= Aa Va&:@

Ageamelry ideal Qiear
4) AHISE AL =SS X AU &84S 1Y (|REHI=C, HE) S &Nl |8
Q. = Cy X Qe (vOlume flowrate)
= Cy X Ayeometry Viceal
=CoxC, AvcometryVicear  TF2EM THOHOF OF= HE C

Fluid Engineering Lab., Jeonbuk National University @

3.6.3 Flow Measurement (R&ZH )

pa_pd_lp[(?@-zz)]

2 b?z2 2}
Q2=2(p372p4)b22222 Z12 :bzzzz 2(p3*p4)2 _bzzzz 27(21 Zz)2
p(z-2) p[l—(zzlzl) } p[l—(zzlzl) }
=272 29(21_22)
2

[1—(22 / 21)2}

(AHgze
)
hoHorey (=

Ol= RE2 2, szJﬂ¢g

28 S
(F20HOF Oh= 8k SE= 2010k Ot= &) +29 #3201 okd0l ]2

Fluid Engineering Lab., Jeonbuk National University
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3.6.3 Flow Measurement (RE=5d)

vBernoullieq.2 8%t 8 ZHFK|: +2(sluice gate)
S =

22 I B2 X0l QA0 SF 570 AHLE KIS 018010 TS =Y

TeEMH 9 T A (1)-2)0 St Bernoulli equation Mg
1 1
P(‘*’Epvf + = 9{‘*’59\/22 +7Z,

F2Mgs0l
8

¥ £ ()0 St HSWHA NG(A =bz,, A,=bz;)
o TS = Q=AN bV,z, = sz =hV,z,

T [
" (OFE?%*EEE)%/JV +r(= pg)— pV +yz,(= pA)

p, = p, =0(gage)

IRRRERRRNEENS

1 *\ [EE=EESTEET
Ps =P, =§P(Vz -V SR EELST-E

B

/

Ajet = Cc X Ageomeln/ ) ) =, ¢_1an_(1 NEL]
N R e
CTA ab a 2 bz, bz,

~0.61 (o < %2 < 0.20)

Fluid Engineering Lab., Jeonbuk National University @

3.6.3 Flow Measurement (RE=H )

vBernoullieq.& S8t & ZHEKI: A 0{(weir)

AN EE é.’zig E‘”_l ZKL {100 MO 2! S Ml =0I(H)E 018010 REE &3
p, =0(gage), p,=h
w | DaZ0 B2
2101 BEE BIAE: V = [2gH
AR 2010 HHEA - A = HD

7 8:Q=CHb/2gH = € b2gH*?

= 2) 3% 019l BL
"//. C& _ oI 2 A \/ —
N 10 HEEo WIASE: V = [2gH
(324 #100) T A2k 91010) I Ar.ang.e =Hx(Htan(6/2))

PowT To uEasie

Q=AV :Hztan(gj(cz 2gH)
:C ‘tan—\/_Hf"2

Fluid Engineering Lab., Jeonbuk National University @
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3.6.3 Flow Measurement (RE=H)

—

v/ Basic assumption to measure flow rate of notch and weir
O EXSFUM SRR SEEEE FL(FLY, p=rh)0fl LELCH
@ ZEE2R= oKl =2
® Xl 910 XigEH| &A= 1|

& (&, nappe A2 P,,)
© =N 2 EUYR D)

Fluid ENg mwrrrrt

3.6.3 Flow Measurement (8§ &=4d)

dQ, =V,dA=V,bdz, =b\/2g(H - 2,)dz,
=by29(H —2z,)(~dh) (h=H —z, > dh=—dz,)

Qu =b \2(H ~2,)(-dh) =b \2g(H-2,)(dh)

Vo =y29(H -2,)

H

3 3 3
:b@%M ~2bJ2H? | Qu=C, 2b/ZgH"

0

Q=C, by2gH*

Fluid Engineering Lab., Jeonbuk National University

3.6.3 Flow Measurement (R&ZH )

=l k=]
v 4zt weir drawdown . O-E3ANUN LY
y £ h2:0 7
|l e * "Ti‘r I 7’7@ B Vi (V; >Vi =0, P, = Pan =0
N = = Z 2 2
Tf///‘ N7 g 7 29 7
N dA=bxdz 2
2 &‘F 21:\/—2+22
s h=H-z, y 29
Calculation of flow rate V.2 P
=, 0] 9 aaz H:ferZ2 szlJr—1
VLiE 2,2 HUKI0N et Bote 2 29

v'3Z} weir (V-notch)

dA=bxdz,
h=H-z,

4
| (b:2xzztan5)
(1)-(2)=2l Xl B

V, KV, >V, =0, p,=p,, =0(fromassumption), z, =0 (baseline)
2 2
Z\/§+%+}/:(\2%+%422 VZ=2g(H -1,)
V2 V, =4y29(H -z,)
v 29

2
H=Y2 g (H:&)
29 7

+z,

3.6.3 Flow Measurement (RE=H )

Fluid Engineering Lab., Jeonbuk National University @

Calculation of flow rate

dQ,, =V,dA=V,bdz, =b,/2g(H - z,)dz, (b=2xz, tang)
=2x1z, tan%,lZg(H —-1,)dz,
=2x(H —h)tan%JZghdzz (h=H -z, > dh=-dz,)
2] 1
:2xtan§\/E(H —h)h?(~dh)
2} 0 1 0 H 1
Qs :2xtan5\/EIH (H —h)hz(~dh) :2xtan5m'(o (H —h)nz(dh)
2t ag] vt -2n | ~oen oy 2r2u
2 3 5, 2 3 5
8

0 H 8 0 J
=—xtan—./2gH? =C, —xtan—./2gH?
157N Ve0 [Q“' TP ]

s
Q:Cztang\/EHf

Fluid Engineering Lab., Jeonbuk National University @
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3.7 Energy Line, Hydraulic Grade Line
(O X 2410} == 1 HH &)

3.7 Energy Line, Hydraulic Grade Line

Fluid Engineering Lab., Jeonbuk National University @

3.7 Energy Line, Hydraulic Grade Line

v 0lUXI FEHME LIEEHHE 2

JEXI Ofl: /2] OISHOHl UH

?RE
"10|IL'III(-°’50|IL-III + 2S0UXI + AU XNE HiLX] FEHMOZ BH
p(m) + V (m) + z(m) =C (along the streamline)
29 |
pressurehead kinetic head pﬂ:::&'a
- ZE(E@30UTIIL Boks B2
Vy=py=0
ST ! I I a LIENEL R
T e e
He=g 1 I‘. ~~~~~
I

8 A = HlUXI FHHY - 2SHUXI
A L @ Fﬂll}ﬂull
i i =M

« BEES0UX)I LY L

ES

e OIIIJII?HH&':B(m)JrE(m)H(m)7

DHoL 224 UM = HILIXI HHA - 2S0IHXI= p(m)+ z(m) =

JIEM

Fluid Engineering Lab., Jeonbuk National University @

2= Ho

v'Bernoulli equation (IHIE 0] WHA 2t 3o IM: QME 2= AR
SOHUX + KAXINWXI): WX ML Z BHH

: MU XI= (QEOIIUII +2

p(m) + gV (m) + z(m) =C (along the streamline)

potential

[ —
pressurehead kinetic head head

(OIIL'III?HIWOINQUPEI‘E 22 T MY
Oilx S0l Lo 2= Ee

— Fm‘ﬂ line :rll(0|||-‘|1|-_rlu|'|“)

=5 I
————— waeuie (S 2HH M) Vii2g
Eade\melH\.J 4_

H
Py
O AT
(HYE A5)x C

=Ea T Static

= (R =5)

R ) ‘

Stagnation

Datum

Note: 40| S 1201 0IUX| 220l KS

Swas 2 wyoaz
Ol FHhAS Q5

M2 RSYYOE YAasilh

Fluid Engineering Lab., Jeonbuk National University @

3.8 Restrictions on Use of the
Bernoulli Equation
(Bernoulli Eq.9] A2 HIBIEZH)

Bernoulli Equation
p +EpV2 +yz = C (along the streamline)

2
p+ pjv? dn+ yz = C (cross the streamline)

-4JFKI I HIQEY, HIMA BN QNS I2E 85

1N XAH: 1) RM0] ZH IS (boundary layer)& S1HOI0 A = OF EICE
2) L0l M X| me2 giCt.

Fluid Engineering Lab., Jeonbuk National University @
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3.8 Restrictions of the Bernoulli E.

VEMO| MM I HMUISE Bernoulli equation (HI250] LA AL: 0| L{X] BH& Al
SH AT F=ma (SSYHA)E HL0H M0N0 22 Fil

p+%pvz+7z:(3(along the streamline) Priavar

= constant

by A .
pep Tdr ## ““Normal to Streamline
= corstant

2
p+ p'.‘v? dn+ yz =C (cross the streamline)

Streamline

v9 & Bernoulli equation (HIZ250] $AANE Sol=0 M8t JIH
1) HIEH (invicid fluid) : QIX] £&0] §& — HMIBHEA 1124(Cy, Hiow)
2) HIZZEA (incompressible) : REIF SA AH LT HIZ} 1Y
3) YRS (steady flow) : AIZHE0] 2AHE — AlIZHl ME gl DHHIBY S )
4) RM(stream line)& 2= |S

Fluid Engineering Lab., Jeonbuk National University @

jdp 1jd(\/ )+gfdz=0

Ci/kJ‘ p—llkdp +7\72 + gZ — C - Cl/k : p’l/kdp — C]Jk( J[p(k -1)/k pl(kfn/k:l

[k]p lV+gz_C (k)pZ&
k-1)p 2 k-1\p, p
N VR ]pz g8

+ V = +2V/i+0z, | sHWEZNRS
(k 1) 2 "o k-1 2 9 Bernoullilellq.

£+1V2+gz:c
p 2

Fluid Engineering Lab., Jeonbuk National University @

2022-03-03

3.8.1QEM0| g8}

vRME WlIZ= Bernoullieq. : “'EJI AXBI AL

p+= L pV +yz =C (along the streamline)

%EJF LA B2 BN ooy ~ B (Paarc) = S L Peyramic) = ,DV 2
v HEJ} W A=) Otz B9 Bernoulli eq.

p +1pV % + yz = C (along the streamline)

1) S2u¥3o| HL: pv=RT=C —>
jdp 1jd(\/)+gjdz—o

dp 1 HIMA
'[ P 2V tor=C Eln[&]*'ivf*'Q:ivzz*'zz Elé%' |
p, 29 29 Bernoullieq.

A2 25 HZ0 i

p=p/RT

RT 1
?Inpﬁgvﬂzl J Inp2 gV +1,

=1+& — &<<1(small presure diff.)

(24 ROt 22 B2 HIYEY Bemouli eq. 0 ECH

Fluid Engineering Lab., Jeonbuk National University @

9] Bernoulli Eq. XI0] (24 SHEZN HHZTHHE)

7 (E2 HAS UEE [ 2= OrHQt 28

_ k-1 k/(k-1)
R (1+—Ma1j -1 @@=y
P, 2
WOUA @I 2 _
SUSET IHE B0l _kMa [, L Ma;} Ml Ma; +--- | (for Ma<<1)
EEE L] 2 4 24
R lF2 08 &A= =4 SAEZN FH ZH &EX)
Ma—! Fluid velocity _ vV
2) HIgtE A0 A “a  Sound speed JKRT

Ap=(p,-py) =5pr

(P,—py) P e Ve

% 7’\/'312(\/@) kvt

Py Py 2p,  2pRT,

I§ 1)

2RT,  2RT, 2

Fluid Engineering Lab., Jeonbuk National University @
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K= =KX=
3) £ 201 S i
' KI(k-1)
v L (1+uMa1] EE)
Compssste \// P,
e kNZ'ai (1 = Ma? +—Ma1 + ]
2
Py e
\ 2

Mach number 0.3kXI 2% H¢f LHOIM X1 : 0I&)IH R SE HILFY2Z HI St

HEZJ|A ZL HUA=RY S HY
T, =15°C(288K), ¢, = \[kRT, =340m/s
V, =Ma, =0.3x340m/s =102m/s =367km/h

(F,100m/s Ol RS2 HIAEY RS2 IHEHT
0.2% H WA 2 X1 g& olan)

Fluid Engineering Lab., Jeonbuk National University @

3.8.3 @|M Qill(Rotational effects)

vBernoulli equation (HIZ250] HAAH)E SE0l=0 M3t JIA
1) HI™A (invicid fluid) : I X] =&0] RS
2) HIZ=A (incompressible) : 2Tt SHAHAA
3) BARS (steady flow) : AIZHS0] 2 HE
4) RUE 2= K (S [ 212 Z0il THOHAM B AHIAH
vRME JI2EY Bernoulli equationS M 28 IHO] |O] AIE

2t M OIC 1|8 Bernoulli d#t8 =0
p +%sz +yz =C (along the streamline)

J2{L OFF S8 32 R ST HHDI S 4 US 2= LRI AS (OIH BX)

Fluid Engineering Lab., Jeonbuk National University @

2022-03-03

3.8.2 HIA & (unsteady) Zil}

vQME 12 = Bernoullieq. : HAK]S9| B

p +%p\72 +yz =C (along the streamline)
HI™ YR S(unsteady)l 2L FHIAXIS HUYS X I IIKE

~ (a\/s o, ), [ov, VZ

a= +V,—> [S+ +=
ot s a R
NI

ag a,
HARS(steady flow)2] B

- ( (—NSJA [vf} v, %
a=|v, == |8+ = |n,a=v. ==, a, =
NG

s R

vHIE AR S (unsteady)?] 2L M8 WEE= Bernoulli eq.

dp+Lpd(V2)+ydz =0 RARS) Mg 2o

2 VB HE0 S

HE HEOE U HIRINGS,
STRHANES 018

s, OV 1 -
pL Eds+dp+§pd(\/2)+7dz =0 HIZARS)

Fluid Engineering Lab., Jeonbuk National University

3.8.4 1 49| Njigt XA

vBernoulli equation (HI2%0] WM ANS QEOI=H M2 JI1™
1) HI®A (invicid fluid) : IL4X| 40| &1
2) HIZEA (incompressible) : LTI} SHAF QX
3) MARQE (steady flow) : AIZH 0| AHE
4) RUS MEE /S (SL M A 0l THOHA 2 AL

MO0l = H: ® =M (conservative system), HI4XI7t LAODH HZE
MOl A= HL: HIE ZEH (nonconservative, dissipative), (X £&10] A sZHYIM CHE

0X

v o Mgt £
SMA0| = A ALOIO OIS JIHIZKIE ZSE0 UK %S
QROFWIT| | BRI 22 JIAIZAI EUE B2 0] BASE ZAOITE HIZH01 HFAI0]
HAC|0{0F & 5 X 120N OIS

Fluid Engineering Lab., Jeonbuk National University @
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Homework #4

8, 12, 20, 24, 34,
36, 44, 46, 52, 58,
65, 70, 82, 102, 118,
(15 problems)

65) Q=0.18m?3/s, V;=39m/s, p,=738kN/m?

HMIZ 18k chapter 3. Al &7] =™

Fluid Engineering Lab., Jeonbuk National University El
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