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for 2nd grade undergraduate students

Ch. 2 Fluid Statics

2.1 Pressure at a Point (8t Z0lIA &)

Ch . 2 FI u Id Statlcs 2.2 Basic Eq. for Pressure Field (RHIZYSt0] J|24HAAl)
2.3 Pressure Variation in a Fluid at Rest (B XISMl W =)
2.4 Standard Atmosphere (EZIH7])

2.5 Measurement of Pressure (2&90] ZH)

Fo+Fy +F; =0 2.6 Manometry (HFHl)

g
-
=

Z F = O(Statics in Mechanics)

2.7 Pressure-Measuring Device (243 ZHA &)

2.8 Hydrostatic Force on a Plane Surface (M2 (]| Z20l= H48)
2.9 Pressure Prism (23 Ig|F)

2.10 Hydrostatic Force on a Curved Surface(Z2H(j| 2120l= M=
2.11 Buoyancy, Floatation, and Stability (£, HH A)
Fluid’?\;‘;if;%fig’;?:;‘;ﬁ; 2.12 Pressure Variation in a Fluid with Rigid-body Motion
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College of Engineering, JBNU, Republic of Korea Fluid Engineering Lab., Chonbuk National University El

W (mg)+ pA+/¢3uA=O
y

W(y¥)+ pA=0
(Fluid Statics)

Learning Objectives in Ch.2 Ch. 2 Fluid Statics

V vFluid and Fluid Mechanics(8Ml, SIS
/ ] ] o ] A Fluid Mechanics
v determine the pressure at various locations in a fluid at rest. | |
. . . | Gas | | Liquid | | Statics | | Kinematics | | Dynamics |
v explain the concept of manometers and apply appropriate equations o =
d A . . z - «Acceleration(a) Z -ma
to determine pressures. Ch.1 Fluid properties Fy+Fy =0 Fy + Fy + F =ma

- convective (a,)

v calculate the hydrostatic pressure force(Total pressure) on a plane ,Z:Z:::;(ﬁigm o= pa) mg+ pA=0 - temporal (2) Mg+ pA+eA=ma
*Pressure (p) «Transformation «Steady/Unsteady
or curved submerged surface. *Specific gravity (5) +Total pressure(F,) -Rotation +Viscous/Inviscid
*Viscosity () *Buoyancy(Fg) «Lagrange & Euler «Laminar/Turbulent
v calculate the buoyant force and discuss the stability of floating or *Kinetic viscosity (v=plp) -, gapiiy -System & CV -Compressibility

. *Bulk modulus (K or E,)
STDMEEEE @lEEs. «Surface tension ()

«Vapor pressure (p,) ‘

Generally, looking for the pressure variation
in the rest fluid

*Relative equilibrium«RTT (Reynold transport theorem)
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Ch. 2 Fluid Statics

v Fluid Statics(SH| Z9sh )
-QHl QAS AHOI0I ATHE 20| St K| SHI0 St SISt 1A 2.1 Pressure at a Point

HX = SN BYYHEUST 8101 2S01= )2 |AM0 ZE0H= 2 1A

(S HOIA L)

10 surface

Z F= FB + Fs ______Force acting
F, \F on area dA
=R +F, +F y -
/ ! 974 T;mgc_m
:FB+p.A+T.A /, . A /:/ 1o surface

=%/

F,
dA
F,

=K +p- A+yg—u -A=ma (Fluid dynamics)  Nemalsiesso =
=F;+p-A+0=0 (Fluid statics)

F; : Body force

Fs :Surfaceforce
Fgy - Normaltermof surfaceforce
Fs; : Tangeltial termof surfaceforcg
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2.1 Pressure at a Point 2.1 Pressure at a Point
¥ Pascal’s Law : 2HIE 7] A0l HXI0HD 2= QMO 2500 2= Jr W, ®9 5%
ol e Sst 3|2 AHIO 24 K20 20T MYEE By Pascal®l 220l /o,
otal= CIQ M X ()| Xt20t= g!(¢5=g§|) " P,=P,=P 0"k| 2} Ilgﬂ %'gug ’E'OIOF UI‘EE
FSN

p= —> Fo =PA

A

® | 24
@ KL
© ZHE 27
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2.1 Pressure at a Point

v Pressure at a Point (8t M0l 220l= 248): @9 ZH
i) y—direction |
>"F, = p,dxdz— p,dxdssin &

(- dz=dssin6)
= p,dxdz— p,dxdz = p% a,
Py —ps= dy
s y W Figure 2.1 Forces on an arbiteary wedge-shaped element of fuid.
i) z—direction
>"F, = p,dxdy — p,dxdscosg — y dxdydz( dy = dscos6)

dxdydz —p dxdydz a
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2.2 Basic Eq. for Pressure Field
(RNl Hojsto] )| 2uHA)

o 17

= p,dxdy — pydxdy -y —— ;& R
dz dz dz o
po=p=patro=(ea+r)5
2 2 -
atapoint dx,dy,dz—0 ..p,=p; p,=p, > P,=P, =P, s
(MESH0| )= X T= X0l= |H W 3 Ho| 22 Wakil 2| 8101 )
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> F=0

Fs+Fy +F; =0

W (mg) + pA+y3;A:O

W(V)+pA=0
yAh+ pA=0
p:_
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2.2 Basic Equation for Pressure Field

v Pressure acting on a Fluid Particle (X Xl Z20l= &)

i) F :Surface forces fp+ 25jscs
(p a—pd—yjdxdz [p N ﬂjdxdz A
ay ay 2 [r—i—f“—;js;s;—» 35 j—[a"’—"ﬁss
P ixdydz s
ay 8y I
dF, =P = dwoyaz - Z25)nsr
3P
dF, = ——dxdydz 28
i oz o % dzy . >
dF, =dFi+dF, j+dRk v
op dy —
= e R
_ [P P Pyl I g 12
ox oy o dxdydz e
6. 6. 0
=—Vpdxdydz _0., 0. 0
paxay! \% ™ i+ Y J+62 k

0.6 IME S&: W=+ 8t (Chain rule)
s

B 2 UN(E, HOIY0| 2K 0IMCE 2F)

y=f(X) oM
lim &Y — fjm LOEAO=T0) _ o gy O
A0 AX M0 AX dx
dy 5
) - F=] ax Dy
(x+a9=1() dxl 3 4
if) lim — foxrdx)— £ () = Yax ey
dx p’%pizy‘ Li?} &
1814 ot40| D14 S8 DA
y="f(x) : ¥
f(x+dx) JlgJl

dy = f(x+dx)— f(x)=ﬂdx= f/(x)dx
dx —_—

[HE~=

)
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= A AL [— | As. A AL H
9 6 DIME S&: O+ 5*-.—(Cha|n rule) 6 UM E S5 [I¥s 8 (Chain rule)
2W 2 Bk f(x, y) J ola ’;—E—(mfmltesmal increment): df (St MO|2) o 3WIE Bt f(x,y, 2) O] DIASE: df (MOIB)
df = f dx, y+dy)—f(x,
(x0x, y+dy) =T x ) df:ﬂdx+ﬁdy+idz
= f(x+dx, y+dy)— f(x, y+dy)+ f(x, y+dy)—f(x, y) ox oy oz
of of of . of . of . . 0. 0. 0 . .
_ =2 2 = — —Kk |-(dxi+dyj+dzk)=| —i+— j+—k | f -(dxi+dyj+dzk
f(x+dx, y+dy)— f(x, y+dy) axlymydxaaxdx [ax' ayJ+a j( xi +dyj +dzk) [6x|+6yj+az J (dxi +dyj +dzk)
f(x, y+dy)-f(xy) zﬂ dy %ﬁdy :M V=£i+ij+£k (del or nabla, mathematical vector operator
’ ), oy e 2w X ¥
of of . ' 04 s29 8 MO 0 0 0 of . of of
=—dx+—dy(chain rule Vf = —|+—1+—kjf =—i+—j+—k
OX oy y( ) of (x,y) (8)( oy oz ox oy oz
Y STIE a0l 2 R0l Tt
f(x+dx, y+dy) }df Ay g Ay dr = dxi +dyj +dzk 3127 (gradieny ME M2
g = x A
foxy) = ™’ o) LXH8 240l B
L-X" vodi v o9 o171
y4dy 1" e FO0Y) dx dx
o = o
e el v.dr :(ii]-(dxi) — Vf.dr :(iij f -(dxi):idx UIE=10))
X X+ OX X dx dx dx
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9.6 IME 8§&: Taylor series 2.2 Basic Equation for Pressure Field
v/ Taylor series for fy, about x=a ii) F, : Body force [p %) ont
P L0 0 i _ . .
) = foan * (X—XI)5+(y—yl)5 o) > dF, =dF,i+dF, j+dFk
- <_p+£dx 0 2 =0i+0j+dFk ¥ :
dx +—[(x XI)—+(y yi) } (i) =—dWk = —ydxdydzk
a a+dx : (BXISH SH: x, y S IS 818) |
f=P  faa= P+ X |
(a) (a+dx) ox 1 5 s n B R R . S
+—[(x—xi)7+(y—yi)—} f(")(xl,yl ZdF =dF; +dF, =dma ya
" x o = —ydxdydzk — Vpdxdydz = pdxdydza
—_—
fo=f ! 1 2§ 1 nf (n) dFy dFgy
(0= T+ (X=@) gy 5 (=) gy oo (=) g - =—yk-Vp=pa
f =
@=P — k- (@I+a—pj+@k]:p§
. e ® L g OB x oy
(a+dx)7p+(a+ x—a)&+£(a+ X —a) v +-
13 Al AH2F
s Py (Xt 2 014 M=)
OX
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2.3 Pressure Variation in a Fluid at
Rest (AXIsHl W &)
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2.3 Pressure Variation in a Fluid at Rest
2.3.1 Incompressible Fluid (HIZ=A ) .
@ -y > dp=-pz T ]
dz 2
P2 2
L, dp :—}/L dz
(p,—p)=-7(z,-2) ¥
=—h
P, =P, *7’h
=sh (if p,=0in gage pressure)
:pgh
0") P = 7h
=9800N /m® x 7.04m = 68992N / m?
=68.9kPa
p,A=68992N / m* x 6.45cm? x10™*m? / cm?
=45N =W

Fluid Engineering Lab., Chonbuk National University @

2022-03-03

2.3 Pressure Variation in a Fluid at Rest

v Pressure acting on a Fluid Particle at rest (HXISHl L 22)

—Kk-Vp=pd
_}k_[%zp,%pj+%kj:pﬁ:0(~.-Fluidatrest)
PP (@+ jk:O
ox oy \&
@=O @:O’ @z—}/
oX oz

o _d SR
) Basic equation in fluid statics
x & ENSH W 22 95 FIYYOZ0 MBI
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2.3 Pressure Variation in a Fluid at Rest

v Basic equation in fluid static

( N
d£ =-r=-mMd
dz 4
p,— P, =—/ h=0 2 free surface
Prigh = Pow =0 . L
plow = phigh +}'h | nz Zy
=+7h (Pyg =0:ambientp.) 720 ' «
~ J
phigh — Pow = _7'h éé’:&iﬂ
IO
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Examples

0il 3.4) OfeH =1t 20l HIZ0] 0.82! J|E1t £0| Z2 OIF M SFHO| F& 2101
ST QACE IOl 740 mmHgR [, SOf M THISOIA W= A=
20121712
(a) 3SR (Kgfcm?), (b) SI ©Y] (Pascal), (c) bar,

(d) BG Bl (psi), (e) &5 (mH,0), () F2F (mmHg)Z 242} HIAOIAI 2.
o SHIK T g=9.8 m/s20|11, 29| HIE 2 13.60|Ct.

e,
> FORGET!
VA
p L)
atm . .

i )’
———— . « Basic equations
— 1% S
- Py = N = U1+ HDIY
R— SUIFAso| J|2 WA
E
+(10°C) =
= Prigh = Piow = —h
P,
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Examples

(a) B : 1.2884 kg/cm?

(b) SI &Y : 12,884 kg/m?2 X 9.8N/kg, (m/s?) = 126263.2 Pa (N/m?)
=126.2632 kPa

(c) bar : 1.262632 bar (1 bar = 105 Pa)

(d) BG &9 (psi) : 1.2884 x 14.2233 psi (Ib/in2) = 18.3253 psi

(e) &5 (MH,0): 1.2884 x 10 mH,0 = 12.884 mH,0

() &2F (mmHg) : 1.2884 X 735.5568 mmHg = 947.69 mmHg

12884kg, /m? = 7, x h(mH,0) =1000kg, / m* x h(mH,0) — h=12.884(mH,0)
12884kg, / m? =y, xh(mHg) =13.6x1000kg, / m* xh(mHg) — h =0.947(mHg)

|—> HISE &9l S201 Ha —
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Examples
Solution) Z{e = HIIL+HIIIL
- JIE-8 ZHYO HIIL, p, =y, Phigh — Prow =70
_ Pam = P1 =71
= X 3 X
0.8%1,000 kg/m3 X 0.9 m B = o+ 7y
= 720 kgg/m? = 0.072 kg/cm? Pigage = 7oy

« E W LHIE 7")|=|,Pz p1+ywhz Prigh = Piow =—7h
ign ~ Prow
=720 kg/m? + 1,000 Kgym3X 2.1 M Py s = Prgage = 7l

= 2820 kgym?2 = 0.282 kg//cm? Pagage = Pigage *+ 7l

- 371718 2HY U1, P, = 740 mmHg
= 1000 kg/m? X 13.6X0.74 m
= 10064 kg/m?
= 1.0064 kg/cm?

- 2 0 OLHIS ZHIHY, P =TI+ AT

=1.0064 kg/cm? + 0.282 kg/cm?
=1.2884 kg/cm?
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2.3 Pressure Variation in a F|UId at Rest

2.3.2 Compressible Fluid (2= g4I

L EEE ‘ 4
(Gas statics) (Ch-2.2) -
. =12 o5 of: u|
AZH S . -)T‘:gog.il([n[feteooroll)gy) I:"J:' %E'E "%IW 2 ﬂ
(Compressible) - 115 HIEHI@IAI)C] B 1R 52

JIHl S99
(Gas dynamics)

- % REIINO BE, 2 o4 tio}
-ZES HEH 2 SN SR (AE]S

AA BZRS IVINAHUM SQURRS

Altitude (k)

(4344 2347, ch.11)
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2.3 Pressure Variation in a Fluid at Rest

VR AH 2SN QMM D () Bl LE LE()-25(T)-2(p) Hal
(p=pRT)eh

| 4 unknown parameters | D | MIJHS =T EHIA EQ |

* A (h) AV ME L (p)-2E(p) HA A FHME ALY TIZ SEY

(o) ZE() AI0I2] B F 01K
p=7h=pgh S8 2 & + 22

EE T M
- QRO JIHIAIM 2 (p)- T () A1 B
(1) & WA (iso-thermal process): T=C
(2) 11+ DFH (adiabatic process): pvk=C
(3) ECIE2M MlH™ (polytropic process): py'=C O P&

X Note: HIZFEY |MY B2 LTIt HIAOH| 222 HE0] 2.

A=Y FNIQ ZRE X HOLE Uil F0i0Fe (SE
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2.3 Pressure Variation in a Fluid at Rest

s 2dohy,

& :f[po ng - Zdp=—Logaz
dz P, p P,

A9 N9
ales)s ool

pl z
Ip Edpzf%gj.z dz
’ atol2t “o"l.’GlI}.;

Inp-In poz—&g(z—zo)
p

o

pO o

E:EXD[*&Q(Z*ZO)] 10
Po Po Isothermal
7& pressible

P=p, eXp( g (Z - )J 085 20004000

2,

P2/ Py

o
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2.3 Pressure Variation in a Fluid at Rest

(1) S283} (iso-thermal change) : T=C
« S2M7I (isothermal atmosphere): (HEH-AZH AL0I12] HI]
719 2=(T)7F A= (h) Off et HAOHX] 511 2H
A (p)- 2= (o) A1 ZHI:

pv= P RT = Constant

o

P PP, P

Po Po Po

P
P
P

> |

S(h)0ll ME S219] 2AH(p) #3t:

S2BPKT=C) LH(p)-LE (o AIOIQ TH| - ot EL
p—p relation :p:pap£
Basic equation : 3—2 =—y=—pg (3unknownparameters

o

= —[po pﬁjg (2unknownparameters)
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2.3 Pressure Variation in a Fluid at Rest

T(h)0ll HE S20H712] 2(p) Ht

_ _Pog(r_y )| IR S
p—poeXp( - 9(z ZO)J poeXp[ = 9(z ZO)J ’

0 0

IZ> S2WII0M TE ()2 2A(p) AOIS] 2
A2 M) Mat NSEHOT 2A
- AEMH)0 12 ST L5 () B}
p=p P _[Le])y IZ> SSUIINAM LE()2 LF(E)2 HIHIAH
°p, P, B g ()= A0 I XSHOR 4a
S0l 2 S W12 F(T) 1gt

E> S2U719 712 SZ0) met
25 = HIOH &S

T =Constant
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2.3 Pressure Variation in a Fluid at Rest

(2) HHHY| (Adiabatic change)
21O D S0i Wet ShaHo) 2 1o 1S Sd Wizt St

o S EXI=E k 0ICH LUHHOZ k=14 (at 1atm)
X ECEZY B9t SAKXIFE OHE) Ol12 2 e (U3 slide BX)
Note:
EdEEY(Polytropic) : Ct¥8Hpoly) M (tropic).
Polytropic change: CHHHB}(% Ji5#1L)
Xl HEE X0 UCE UEE = AS
pv" =P Constant(n=2lEEZH X|=)
P

- =

L] Specilic volume.u.
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2.3 Pressure Variation in a Fluid at Rest

= 20N,

1/n 1/n ~1/n
aeoelg) o @l o 252)
—=—p|—1| g > dp=—p,| —| gdz > — — | dp=dz
dz Po Po P9\ Po

1 -1/n
dz=- [LJ dp
pog pD

20| A= p OIM p, 2110 z LM 2, DEXI 242 H 20t
1

n 1
o2 T

Po9

e

n-1

1 Lt n L= | n o p (pjﬁ
—— P | P —Pen =1
P (n—l)[ ’ J (n—l)pog( P,
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2.3 Pressure Variation in a Fluid at Rest

(3) ECIERY W3} (Polytropic change) wl
+ ZAEZL hI] (Polytropic atmosphere): XI&-IFH HIB ALO]
&A™ (p)-E (o) ALOIQ]

pv" - P _constant(n = B2AE2 X|%)
P

n 1/n in
PP P, p=[p§£] =po[£] &
P Po Lo Po
< AEh)0ll ME ECEZT )12 2=(p) Hat
ELEZT B9 A= (n)- LT (p) ALOIQ] TH -BIF B S |

1/n
p—p relation: p= p{pﬂj 0|

)

Basic equation : ? =—y=—pg (3unknownparameters
z

1| A3
1/n I RA
= _p"[pL] g (2unknownparameters) « L -

Fluid Engineering Lab., Chonbuk National University

2.3 Pressure Variation in a Fluid at Rest
o) BT Hajoty,
_ P 7£%
T (pj
1(p)|1"_(n—l),009(2Z)_)[P]""_l(n—l)pog(zz)
P nop ¢ o nop °
B) L (D,
(poj = P @-2)
p_[ (h-1pg, E
E7{1 — (z zu)}
) -Dpg, E
p_po{l s, zo)}

Fluid Engineering Lab., Chonbuk National University ﬁ
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2.3 Pressure Variation in a Fluid at Rest

T(h)0ll IE SAUEZT H)]2 LH(p) Hid}

o n ROTO

I:> EQEZM HIINAM T = (h)Qt L (p) AL0IO] HH|
&A= ()2 L=()0I Wk n/i(n-1)00 HI 24
HEA W AN W0 ZaE2M XIS n=1.235 2 [HAOIH

n 1235

(n-1) pug E (1.235-1) , x9.8 iz
—pd1- T PI (. —pl1- o -
P pg{ . (z-1,) P 2% n, (z-1,)

o

P,

5.26
= pu{1—1.865&z} , (if z, =0 (sealevel))

%>0 0122, =) % Ol HIFIOH ZA

0
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2.3 Pressure Variation in a Fluid at Rest

1

p—po{l—(”_l)Pog(z_zo)}“ —Po{l—(ngl)&(z_zo)}"ll

n p

EUEZT HII0AM A=) L=(p) A0S THH|
LT (p)= A= (h)0ll Wt 1/(n-1)00l HIHIOHH 24

o= (o) it 24 20 SL(L: n/(n-1))

Note: p= po{l—i(n;l)pp#g(z - zu)}ni1

Fluid Engineering Lab., Chonbuk National University @
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2.3 Pressure Variation in a Fluid at Rest

()0l HE ZUEZHHIIC L= (p) U3
EEZT Holo] A (n)Q LT (p) ALOI2] ZHIE 01010 7 + ALCL

1/n 1/n
p-p relation:p:pu[pﬂj N £:£ p)

) pe P
. (-Dpg,, "
p-z relation: p=p,i1-~——22(z-7,)
n pD
E:{l,(n—l)&g(z,z )}E
P, nop

(o)-p- e

[2)-f-e2asen)”

Fluid Engineering Lab., Chonbuk National University @

2.3 Pressure Variation in a Fluid at Rest

Sh)0ll LE SUEZTUDIC 2=(T) B9t

EJEZD B0 AH(p)-LE(p) T X SHLHAE 0I20I0 718 = AS.
Equation of state: pv=RT
Polytropic relation : pv" =C

1/n 1/n
p—p relation: p= p{ﬂj S5 L2 [EJ
Po Po P

|=

IS

p—2z relation: p=p,J1- (n;l)pcg (Z—zo)}ni
pO

OLAIIN AEEA Mg

P P

P s, :L_,l:[ﬂj(&]
2l pTople T (R AP

Fluid Engineering Lab., Chonbuk National University @
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2.3 Pressure Variation in a Fluid at Rest

2022-03-03

n p, n o
_ (-Ypg, ,
S
[T:To{l(nr:l)psog(zZ°)}:T°{l(nn_l)Rg'l'o(ZZ°)}]

EUEZL WM D =h)Qt =(T) AL0I2] 23
2EME AT )0l T MFXHOZ AL

2.3 Pressure Variation in a Fluid at Rest

Fluid Engineering Lab., Chonbuk National University @

2.3 Pressure Variation in a Fluid at Rest

T =(287-0.006507 z)K (z:meter)

T =(519-0.00357 2)°R (z: feet) b T
w- 8 i
R, =29.27kg;m/kg'K '
0H —
=287J/kg'K
=0.287kJ/kg'K or
gso— 524 km |
R, =8314 I _g3u X5 a2
kmol- K kmol-K % s} "
kg, -m -
~ T kmol-K = il
20 -
10+~ g —
1 | T

]
=120 -100 -8 -60 -40 -20 o 20
Temperature (°C)

Fluid Engineering Lab., Chonbuk National University @

HEA W &1l 10 Ee|EZ2Y X+ n=1.235 S [HADHH  w| |
(BAERL 7] (0-11km): 2ET} NS0 [} MRHOZ LA ‘ wa

T =To{l——(nil)@(z - zﬂ)} =T0{1—7(n 71)i(z— zo)} o

n o p, n RT,
dT:—TOL’l)&gdz:—TOMidz 7
n Po n RT0

o (-Dpg g (-1 g

dz n o p, n RT,

dT _ (n-1)g _ (1.235-1) 9.80Im/s’ prre

dz n R 1.235 287N-m/kg'K - ’

- -0.0065" = 00065~ - 651 ok
m 107°km km
|| CHR A et

aT _ q A0l S 2 2M8
E__&S C/km ’E:> (1km & -6.5°C)

Fluid Engineering Lab., Chonbuk National University

2.3 Pressure Variation in a Fluid at Rest

Tl IE S2AE2LHIIQ A= (p)-25(T) #t
ECEZL Y10 D=0 IE 2% ZME0] AT/ 42=-« 2}11 OIH,

a_rTtL_, > T-T,=-a(z-z,)
dz  z-z,
> T=T,-a(z-z,)

S JIZYEAE 5

o _ P p

e T T TRTYT R, —ati-z))°

1

Zdp=—

"R, —atz-2,)° N

1 a — a T
—d dz= d(z—
p P Rall,~atz-2) """ Rall,—al-2)

- because z, is constant

Fluid Engineering Lab., Chonbuk National University @
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2.3 Pressure Variation in a FIuid at Rest

pl g
dp=— d =<
Iu p P Ra 7% (T a(z Z )) (2-2,) mdx In(ax+b)

m[gu]:-%[-gj[mm-a(z—za»];

:%(In(To —a(z-12,))-IT,)= Rga [In WJ

o

Average atmospheric temperature
and pressure in the atmosphere

T

o

» :[,n (T.,—a(z—za))fa

o

p= p{mw] *po(ln_l_ljﬁ ,,,,,,,,,,,,,,,,,,,

Allityde ()

£

Fluid Engineering Lab., Chonbuk National University @

2.4 Standard Atmosphere(EZEHII)

vHE&E W] (Standard Atmosphere)

- HIZJ], OIAIY, 2300 d58 HInE SHCZE MM 2t XI%o| ANIHII Ot JRLH
mejla X‘|5|‘

- XIPE S Y= WIE HFH@T 10-17 km DX CHHIME X XM X 3H,
S 2o ¥, XHEDO A SO0l Qoo A0 2SS0t A=, A=IF 32 kmOil
0|28 BEUTI} XIEHO 1% Sl ©IX| 83,

- D=0 ME BEEWIIZ = 013 BEEMIIIL 01 AL EIL AS.

- 0HE Y (Sea Leve)OIM HEMII
p=760mmHg =101.3kPa=29.92inHg = 2116.21b, / ft?

— — — _ Table 2.
T =15°C = 288K =59°F =519°R :.-o:e:{:s ln US. Standard Atmosphere at Sea Level®
7 =11.99N /m? = 0.07651Ib, / ft® Property S1 Units
p=12232kg" /m* =0.002378slug / f LT 0L P o)
1 =1777x10°KN -5/ m? =3.719x107Ib, -5 /st it » 14 e
Viscosity, s 1.789 % 107 N. s/m?

*Aocelertion of gravity at sea level = 9.507 m/s”

Fluid Engineering Lab., Chonbuk National University @
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2.4 Standard Atmosphere
(HEWUII)

Fluid Engineering Lab., Chonbuk National University @

2.4 Standard Atmosphere(HEZEMI])
- 012 BE=WHJI (Standard Atmosphere)Q| 1A
HEWI= S2HDI1A EUEZT ]2 £¥2Z 7Y
T T T T 2 o
4
80 8 - 80 Kkﬂdofsound 3w 80
70}~ -_70 0
€ Temperature
=
60| |y 60
]
€ sof- s24hm IS 50
g 473km | u L
b
€ ol g a0
[ 8
[¢]
0 -+ 30
201 ¢ 4 20 s
semlg S
10~ &4 1wl - E
Ea=2TH)| 0 fre
—OIZB -100 -Blo —sjo Ja -20 0 2{76‘?7\' (kg/mz) 05 1 1
Temperature (“C) Pressure (kN/m?) 50 100 15
Speed of sound (m/s) 250 300 350
Temperature (K) 200 250 300

Fluid Engineering Lab., Chonbuk National University @
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2.5 Measurement of Pressure
(orag zm)
= -1 O

2.5 Measurement of Pressure(&s &) |

Fluid Engineering Lab., Chonbuk National University El

2.5 Measurement of Pressure(24s] £3) |

v BEWIILQ 3J1(1atm) (Spereury=13.5951, g=9.80665m/s2) P

——="r=-p9
dz
1 atm=760mmHg = 76cmHg = 0.76mHg (== 2 = = 0l) P, =P =—h
~13.5951x 9806.65N /m® x 0.76m =101325N / m? Phian = Pr = =7

=101325Pa (Sl unit 2SI |2&<)
=1.01325bar (lbar =10°Pa=10°N/m?)
=1013.25mmbar

=13.5951x1000kg, /m’ x0.76m =10332.27kg, / m?
=1.033227kg, /cm® (B & unit LI 22)
=13.5951x0.76mxmH,0 (1kg,/cm® =10mAq)
=1033227mH,0 =10.33227mAq

1latm = 1bar = 0.1MPa = 1 kg/cm? = 10 mAq = 14.7 psi i i;

Water

Fluid Engineering Lab., Chonbuk National University @

v'Summary of atmospheric, gage, absolute pressures({712, HIJI12, Y
1) 712 (atmospheric pressure, Py,)

XIS S SIS W12t otal W10l 2ol 2= &4 (atm)
<HZEII: 0L 0 m(Sea Level)OIIA ZAMII2A0] WA

- FAUIIS: ZFXIL AKIB XY(locaQ] I 1%, EM, JI00 W2t CHE
(B2 WY SO0 XY I8 F2 AF)

3) B (Absolute pressure, P,,): AXXIZE I|IEL
HHA="2HIIL+HIIS
—e

Gage pressure @ |

Local stmaspherie
pressure reference

Passure

2 Gage pressure @ 2

Aol prssare & — ction or vecuum
Absoluts pressure
@z
B Figure 2.7 Graphical representation

Absoluta zero reference of gage and absolute pressure.

Fluid Engineering Lab., Chonbuk National University El

2.5 Measurement of Pressure(s £3) |

(Torricellian Pa= Ps (SUSHLZM Y= A
vacuum)
Puacuum Applying the basic equation in fluid static

-

Patn Prigh = Piow =P, — Pa=—7h
pA = pv +}'h
Since p, = pg

pB = pA = pv +;'h

a oo L. s20 =719

T EE=136) (OFF oDz 24))
F2J12AH HIHS (Absolute pressure)
(16434 Torricelli0fl ©I0H 112 B8 IIELZ B YY)

pg = h= pgh (atmospheric p.)

Fluid Engineering Lab., Chonbuk National University @
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2.6 Manometry
U, AR

Fluid Engineering Lab., Chonbuk National University @

2.6 Manometry (HFEHD

1) 171 (atmospheric pressure, P,,,) : H710fl 20 2= &=
v BEWIY, v ALY
2) HIJ12(Gage pressure, Py,o.) : AL E JIE2Z ZHT A (atg)
J

3) MH A (Absolute pressure , P, : MBS J|ECZ ZHT AH(ata)

EHY=-m2HIIL+HDIL

Standard atmospheric pressure ~

58
|8
‘I CIE Local aimaspheric pressure —
Negative "
L atmosphere suction Gage pressure
760-mm Hg g Local vacuum
101,325 Pa % ! L
10.34-m H,0 "
14.7 psi Iy reading
2116 Ib/fi? 2
29.92-in. Hg 2
33.91-ft H,O < Absolute pressure
L | Absolute zero (complete vacuum)

latm = 1 bar = 0.1MPa = 1 kg,/cm? = 10 mAq = 14.7 psi

Fluid Engineering Lab., Chonbuk National University @
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2.6 Manometry (HEHAD

2.6.1 Piezometer Tube(MFEHI) Note:
VINISEO 42t =2 MM LSS ZHE I AE piezo- {012/ 010} O1#1S) &t=40]
QHIMCISt J|BWXAl M2 8 LIEHHE= 2010 X014
Prigh = Piow = Pam — Pa =—71M "
1 c
open (CH7124) iR
Pa = P + 71N z{" i
|-> H [ (absolute pressure) ji Gasaline
Im Glycerin
i 2=0

Pa = Pl + 7P, (Pam =0 11 Prg)
Pipe = 71hl

HIJ 1S (gage pressure)

Note: Piezometer A2 HIBH Ab
-Gauge pressure % ZH JIs
«Positive pressure 3t ZH Jts
<Ml AH X Oks

Fluid Engineering Lab., Chonbuk National University

2.6 Manometry (MFH))

2.6.2 U-Tube (UFYE HFEHAI)

V2 oE EE 52 NIANS TV I A

0
p, = P (SYBHFZF0 U= &)
SHEAsLO| J|=UHAl Mg

To the left-hand side
Prigh — Piow =Pa— P2 = AL

P, = Pa+rh
To the right-hand side
Prigh — Piow = Pam — P3 = A

Ps = Pam t 72h2 (abs)

P2 =P;
Pa+ 71 = Pam +7,h, (abs)

Pa = Pam +}/2h2 77/1hl (abs)
=y, —:h; (gage)

= 7/2h2 (A0 3710t U B2

719t MEI0] HIZAHOIS= THEE S EE%Hﬂ
Fluid Engineering Lab., Chonbuk National University
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2.6 Manometry (Al

2022-03-03

vH2 UAH TEUZA[E Y M TS M2

Patm

S55 =

To the left-hand side

Phigh = Piow = Pa— Pg =—7h

SuIEesto] I RYHA Mg

—7h (abs)
right-hand side (Ps = Pc = Pay =0 (gagepressure))
=—/h (gage)

2.6 Manometry (HEHI)

Fluid Engineering Lab., Chonbuk National University El

2.6 Manometry (H=HI)

p, =p, (S

QuIEstol JIRYHY Mg

To the left-hand side

Prigh = Piow = P2 = Pa = =70, =iy
Po = Pa—72h, =iy

To the right-hand side

Prigh = Piow =Ps — Pg = AL

1>
A
=2
30
rr
o

P; = Ps — %My

+ P, = ps0|22
left-hand side | right-hand side

Pa— = =P -7y

pA = Pg = (nhy +7,h,) - 73h, (gage)

Fluid Engineering Lab., Chonbuk National University @

v AIXEFAEAH (KFLAL, differential manometer)

CSFHO HILE HLHOIAMC ASHXIE SHE M ALE

=P, (S2s =0 A= &
FHEGSO J|12LHA HE
To the left-hand side
Prigh — Piow =Pa— P, = -

P, = Patnihy

To the right-hand side
Prigh = Piow =Pg — Ps3 =—y3hy —7,h,

P; = Pg + 73 + 7,50,
left-hand side | right-hand side p,=p;0|182

P+ = pg + 750, +73h,
Pa— P =71 + (72, + 75hy) (gage)

I'I)

Fluid Engineering Lab., Chonbuk National University El

2.6 Manometry (MFH])

Pc = Po (ST +=E0l A= B)
SV EBEPIEER 2Rt
To the left-hand side

Prigh = Prow = Pa— Pc = —y(k+h)

pe = pa+r(k+h)

to the right-hand side

Phigh = Piow = Pg = Pp ==K =7,h
Po = Pg +K+¥,h

=pp 0122

Paty(k+h)=pg+k+yh
Pa— Pg =—K—h+(K+y,h)
= (7, —»)h (gage)

Fluid Engineering Lab., Chonbuk National University @
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2.6 Manometry (M=)
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2.6.3 Inclined-Tube Manometer(ZAF 2=H|)
v OIMIg 28 =58 ZH0I0XH 2 [ AL HIn A 22 58 20| A4S = AL

Pa—Pi==7h = p=py+nh’ F
Ps — Py =—75Ns = l,sin 0
Py = Pg +73hy + 7,1, 5in 0
Pa— Ps =7+ 750 + 7,1, 5in 0
=y,l,sin @ (for gas measuremert)

2.7 Pressure-Measuring Device
CEET-EIN)
01 |0 O

Fluid Engineering Lab., Chonbuk National University @

2.7 Pressure-Measuring Device

v'Bourdon pressure gage

Fluid Engineering Lab., Chonbuk National University ﬁl

Fluid Engineering Lab., Chonbuk National University @

Ex) Basic equation in Fluid Static

0l 3.8) A, B U2 SOH 20| S=11 AL OFH JOMQA 2201 HPZ & UK
AL 20= HIZ01 0.8821 JIZ01, OFH £ 20= 201 MM UL pa-peE
psitZ A0 2.

« Basic equations

Prigh = Piow = —h

7 =1000kg, /m® =9800N /m’

3
—9800x| —=—|ib, /[ —L_] f¢
a428) '\ 03048

=62.42Ib, / ft*

Length: inch

Hg

Fluid Engineering Lab., Chonbuk National University ﬁl
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Ex) Basic equation in Fluid Static

« Solutions
IApplying the basic equation in fluid static

Pa—
P, —

p
Ps—
p

A

= ah)+ (i), = (b ) + (), + (b ) |

=7.{-(h,), +@36h,), - (0.88h, ), +(13.6h,), + (h, ), }
=62.42lb, / f{~(10), + (13.6x3), —(0.88x 4), + (13.6x5), +(8), } x (éj ft

=537 Ib, / ft* =537 Ib, /(12)%in?

=3.73psi 1ft=12 inch

Fluid Engineering Lab., Chonbuk National University @
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Ex) Basic equation in Fluid Static

0il) Ot JE0IM 871 W 3712 p= OrI)
SESHHII0l 740 mmH Y I, 71 W ZAHS A0eD)
(a) 3 (Kgdcm?), (b) SI © (Pascal), (c) bar,
(d) BG 2 (psi), (e) &5 (mH,0), () +2F (mmHg)2
212} HIAOIA 2. ©, g=9.8 m/s2011], 29| HIE2 13.60ICt.

X YHHOZ AJ|9] PHIE PAIE = UL The reasonwhy ...?
* Basic equation

P =P,

Prigh = Piow =—sh

5m

0.3m

Fluid Engineering Lab., Chonbuk National University @

Ex) Basic equation in Fluid Static

Ex) Basic equation in Fluid Static

« Solutions
Applying the basic equation in fluid static to the left-hand side

Pa— p:l:_(yoho_'_}/whw) - p= pA+(7/oho+7whw)

to the right-hand side s
pann_pzz_}/mhm —> p2:patm+7mhm o

p,=p,022
Pa+ (70 + 74h) = Pagn + 7l
Pa = Pam + ¥Vl = (ohy +7,0,)

= Py +13.6x1000kg, /m® = 0.3m

—(0.8x1000kg, /m®x3.5m+1000kg, / m*x1.5m)
= Pun —220kg, /m” =Ip,,, ~0.022kg, /cm* (abs) | AL,

i) OF2H D=0 2= AGI XA = 242 R mmHg1I?
& J189 HIE s=0.801 J12HI= 750 mmHgE LIEHH T RACE
SO HHAHE Ol TZ SO L.
(a) 38HY (Kg/cm?), (b) SI &9 (Pascal), (c) bar,
(d) BG T (psi), (e) &5 (mH,0), () F2F (mmHg)Z
Z}2} HIAOIA 2. ©, g=9.8 m/s2011], 29| HIZ 2 13.60ILC}.

=-0.022kg, /cm? (gage)

Fluid Engineering Lab., Chonbuk National University @

* Basic equation
P =P,
Prigh = Pow =P, — Pa =—7h

Fluid Engineering Lab., Chonbuk National University @
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Ex) Basic equation in Fluid Static

« Solutions
Applying the basic equation in fluid static to the left-hand side

Par =P =0 — P, =Py
to the right-hand side
Prac = P2 =7l = P2 = Prac + 7l I
P, =p, 0122 a ST
Pair = Pyac + Vmhn o
= P, +13.6x1000kg, /m*x0.5m= pvac+6800kgf /m?
Pair = Pa =7y = Pa = Pair +75h,
Pa = Pair + 7,0
= (.o +6800kg, /m? )+ y,h,
= P,ac +6800kg, /m* +0.8x1000kg, / m* x1.5m

= P, +8000kg, / m*(abs)

Fluid Engineering Lab., Chonbuk National University @

Homework #2

vEBHIS A (center of gravity, CG)

v B F &(center of pressure, CP, x,, y, 0r X} Y)
v T 8(centroid, C, X,y )

V1K & THIE (first moment of area, |, 1)

v 2K+ ™ HIE (second moment of area, y,, |,))
HIE (polar moment of inertia of area, J,)
&H (product of inertia, 1,y

MYEA (radius of gyration, k)

= M| (parallel-axis theorem)

Fluid Engineering Lab., Chonbuk National University @
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Ex) Basic equation in Fluid Static

P = Pyac +8000kg, / m*(absolutepressure

=588mmHg > R (abs)

:0.8kgf/cm2 X2 J|I=OF o o ]
Since pgage = Pabs — Pam

Pagage = Paabs — Pam
=588mmHg —750mmHg
=-162mmHg
=162mmHg (Vacuum)

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane
Surface (B0 Z20l= H+3)

Fluid Engineering Lab., Chonbuk National University @
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2.8 Hydrostatic Force on a Plane

HAH (Fr or Pioa)= LS (P) x B BEH(A)
(Tote pressure) = P(FIA) x A =F (Force)
= kg, N, Ib;
BI%(A)0] AHFN(CP)E KL= AEH(F)S A0l
(Z, 8 H(CP)0ll ZBOH= 2(Fy). 212l 9IS )
CHeot H &0 TA 2I80l= EX0152 & & A2/ E Fot= Ml

S2EOIS AHESH, Fr 0 Py
Pam =0l RS HYHSA(CP)
= 2 Pressure Prisin

= e—
Ly —
| —
Ly —

— (— g

f— g

R

l— o
17 =p, +pgd [

pa.m +pgh: pgh

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane

/ WWO| 2WOZ BN U= B

Free surface Free surface
p=0

p=0

Specific weight = Specific weight =y
Fr p=vh
lllll JlJllJl e
p=0 p=0 AN
() Pressure on tank bottomn (b) Pressure on tank ends
M Figure 2.16 (a) Pressure distribution and resultant hydrostatic force on the bottom
of an open tank. (b) Pressure distribution on the ends of an open tank.

v Mm| £X0F IH U= A

Fluid Engineering Lab., Chonbuk National University @
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2.3 Pressure Variation in a Fluid at Rest

v Basic equation in fluid static % )
( N free surface
%?7?/39 h=0—y?
p,—p=—rh z 1 o |&
Prigh — Piow =—jh l L
Prow = Prign +5h 2=0 X

Prhigh = Piow = Pamb = Pa = —yh

=+7h (Pyg, =0:ambient p.) o
N ) Pas 7 (gage)
Prigh = Prow = —h | A A

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane

v 4B EEO 3L

TO o
o V-=hxA
< o e p- _
p) p p=sh W =M =yxhxA p=s
b
Uy idiir :
Area=A ¥ y
Pri _powz_}'h
oupmth BB or P9 )| 2 S
atm -

v3Jl EWE L0 S0T KIS SBW)
vERH : AHFA(center of pressure, C,)
_A'_lgog-: 271 29 WO ALO|

p= P+ 70 = h (gage)

Fr= pxA=)hA ST oo
=yx hA= }/)(V0|ume A (centroid, C)ilt
W aEE ()0 NE 2XiE

Fluid Engineering Lab., Chonbuk National University @
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2.8 Hydrostatic Force on a Plane 2.8 Hydrostatic Force on a Plane
43 mwmo| A2 = ~ : ~ BT A2 RHS
ZJp)o i) Met=o] 3 L) e )| Ny 1;41515 ﬂ,'.g
=+ y z z (22 22 BHls
. ®) p, = h ()
p.*ﬂh\ <= 2 2 H P,
p1:7hil p1=7hll
L_ine_ar pressure A o) & — Ty 5
distribution 3 c cp v 0 G [ v
p=sh < U HerEo] Hew dF v MEo| 37| & T 2| Z(pressure prism)0f O] 8t B
. (&8 dF = p, xdA _l‘// M 200l S0{Z QM 2
R o (2 _
-"‘=s=enJ 2 = Py xdhxb b0, B 5 B, (h=hh)E =01, bE ZOF OF= AICIZIE JIS0I MY QK0 52
(p pz:7h2
VAR : /p=/yhl Fr, = pxA=jhx A=yxhA=yxVolume
- T 5 - 1 1
hy ) C N =;/><E(h2+h1)><(h2—hl)><b=;/><5(h§—hf)xb
- h
i ! Fluid Engineering Lab., Chonbuk National University @

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane 2.8 Hydrostatic Force on a Plane
- X HF0 oo - .
C ) M=ol 37| dF QIHIXI O] HItH Of - i) MetEo| M2 dF E dF =/hxdhxb
dF = p, xdA | T SE ES £ I dF = p, xdA | T L
) = p, xdhxb ] = p, xdhxb FR=§7(hz—h)Xb
(p), p, =, (p), p, =, g hd
/H:/}'hl /H:/}'hl Mo =h>dF
° h, c 0 - - =hx(3hxdhxb)
" Lan| 7 " h lLan | — h? xdhxb
h =:b/ . h =:b
v MAHO| 37| HEZ0) ot B vE2Y Mox:yfhzdhxb
dF = p, xdhxb=jhxdhxb . b2 E M (center of pressure) 1
. E HIAIS E5F THI=AI H|AL =7x*[h3r‘f><b
1 27, 1 2 2 EH—NII—E %L TJ'"S:l ]"u_ 3
Fe=7[hdA=y[hdhxb =yx[n?]" xb=2y(nZ ~h?)xb !
2 2 =57 -w)b
Fluid Engineering Lab., Chonbuk National University @
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2.8 Hydrostatic Force on a Plane
i) Moo ngH dF % Fo=y[hdA
dF = p, xdA _l‘// 1o,
= p, xdhxb 757(h2_hl)><b
(;) p=rh, | My, = VIhsz
| — 2 r{he =)o
. h ] c y
h h L =g Ve xF =M, 0|22
; : _MOX_thZdA
o) Ma:%7(h23_h13)>‘b FR:%Y(hzZ*hf)Xb TR T 7[hdA
o | 1o
o\/ y - ﬁp ; =37(2 hi)zz(hza_hla
R 2_ 12
%7(“5 ~h?) 3z -

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane

v ZAR WO 39

e s ") merEol 37 dF
N dF = p, xdA
. =p, xdyxb
D p, =,
Y. (03
: y Lﬂ
Y2 b

yE HEMS hAO T MoK A
0=90°: 25 Wmo|
0=0° : W Hm| HL

2022-03-03

2.8 Hydrostatic Force on a Plane

v SO0l ZAKDI A A= B

4 N phigh = Pow = _7’h

Linear
p=sh
y

W Figure 2.17 Notation for hydrostatic force o
arbitrary shape.

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane

i) Mota0 37) dF )
oF = p, xdA Since [ ydA=y,A
- = p, xdyxb A9 EA

P. =7 xE0] Lot

o E
/m:/yhl 1Xt HEEUE
Y:
1 y C Lﬂ y

)

Y2 = b
dF = p, xdA= p, xdA HorE=AExE
=yhxdA=yxysin@xdA ZAZ R0 % hol sx2
HYE = A2 ZX|H 482
Fo = [ ysin@lA=ysin6[ ydA FHYOR T HSOD| I
:7ycsin9A=7/]cA phigh_plow:_?h

O ra—

Fluid Engineering Lab., Chonbuk National University @
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2.8 Hydrostatic Force on a Plane

i) Mer=o| g H dF i) MQI=O| A2H (x F)
dF = p, xdA dM,, = yxdF = yx psin 0 dA
7 = p, xdyxb =p’sin6dA
Y P, =, (momenton x axi)
v: ; c Lﬂ 5 M., =ysin6[ y’dA
Y2 =:b
8 Since Fy x Y, =M,
(o] Mox =7sin aijdA F; =ysin Hj.ydA M ysin ‘9_‘. y2dA
™ ! yR:?r:ysinejy dA
J w S ¢ | [yda
:Wz A

Fluid Engineering Lab., Chonbuk National University @

2.8 Hydrostatic Force on a Plane

i) Mool xgH
dF = p,xdA
= p, xdyxb

N

drF

i) MAHO| A2H (y =)
dM,, = xxdF = xxyx ysin A
= ysin &kydA

Lt M,, =ysin HjxydA

Y1 c
y

Y2

dy‘ y
= b/

Since Fy xx; =M,

B M, _ ysinejxydA

z .
(] Moy =7sin BjxydA

F =ysin

|

TR ysinajy dA
:J'xydA_ ly

[ [yda y.A

oj ydA

YR ¢

ﬁp

\!. XY A+

() _ c(y)
Yo A COYA
=X, (if symmetrig 1, =0)

Fluid Engineering Lab., Chonbuk National University @
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2.8 Hydrostatic Force on a Plane

o 2
i Merelo) a2 A dF oy YeA+ Iy
dF = p, xdA Yr = A VA
z = py Xdyxb yC I yc
(3 , =7h, _ c(xx)
e T
i Je
N1 0 c Lﬂ y Iy = IC(yy)JrXczA
Y2 =) Ixx:lc(xx)+yc2A
. . y X
z . q
(p Mox :7S|n GJ‘yZdA FR :}/Sln HJ.ydA = XC A
™ ' &)
1 yR C qp y ( /I yc
. ummya it
y | Ye

X

Fluid Engineering Lab., Chonbuk National University @

2.8 Summary

v BA #21 BR

Fo=7[ysin@A=y[hdA=yh.A

Ic(xx) c(xy)
Ye=Y.+ Xg = X, +
R ] R A
c Ye
To A=te — A=ni
s + s e fw,;w,%‘
| 4 , =
! 17 g ‘ fymt
b b ¥
; 'z —z | fye =0 .~
) Ractangle 1 Girclo
Anif be—d— Andh gt
1, = 0.1008R% [ e = WLt - 200 ‘ 1- 2
| 7z f— 2
; ‘ -
s Iﬂ iy, = 0.3027R" L [ LH I I, =i, = 0.054888"
i o fpe=0 o 3 I, = -D.0LGATR®
[ e T |—tse |
b

{c) Samicircle

) Triangls &) Quarler circle

Fluid Engineering Lab., Chonbuk National University @
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Ex) SXIWEL A}

2022-03-03

Oi) OteH &t Z0] A2BWMO| +22Z S0l ZH AS [, WMol 3t ¢O| 21
As M AHSAUE A0, H, 29 HISS2 9798N/m3 0|
Ol 1) Using the formula F =sh.A (h, =6m)
7 == !
| :1000kgf/m3x6mx%x15mx9m
‘} : s R = 405,000kg,
v | — Yozt IC(XX) _y +bh3/36
{ c.pls’, ¥) R ¢ yCA ¢ yCA
L I5m | 15%x9°
. =6m+——36  m=6.75m
6x =x15%x9
2
157 x9?
I 212
Xg = X+ = ONIT2 g T2 5 605m

YA YA 6xx15x9

| Ex) SXTE A2

Fluid Engineering Lab., Chonbuk National University @

xxdF —%Xx;)yxxdy

[
L 15m A 1(15) o 1/15\° 1
M, ==| = dy=>1=| r=|y*
o 2[9J7Ly y 2(9j74[yﬁ
1(15 «1000kg, /M’ x L x9*
29 4
=2,278125kg;m

M, 2,278125

0
Xg = —2

F. 405000

=5.625m

Fluid Engineering Lab., Chonbuk National University @

0l 2) By integrating
: A

« dF = pdA=hdA=3hx xdy
(x:y=15:9 ﬁx:%y)

el | S
u
d:

v —1 —yxyx( de (h= y)——yxydy
.
c.plz, y’)
15 o 15 1
L,,i,l:t"“ _ FRZE}/ Zd _*7 [yE
7%%1000kgf/m x9°m® = 405,000kg,
5
ndx:yxdF:yxwxxdy—gyxy dy
k
My =7 [ vy =2 r 7y} =225 x1000° 0 o' ~2.733750kg,m

M, 2,733,750

o= o =6.75m
F. 405000

Fluid Engineering Lab., Chonbuk National University @

2.9 Pressure Prism
(e T F)

Optical prism

Pressure prism ressure Prism for two different fluids

ol DAz oS ASSH SH WR0I K89 Wy

Okl 2.8 XX H&EEM 2.1058 HZ0LAL

Fluid Engineering Lab., Chonbuk National University @
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Examples

Example 2.8 Use of the Pressure Prism Concept
GIVEN: A pressurized tank contains oil (SG = 0.90) and has a square, 0.6 m by 0.6 m plate
bolted to its side, as is illustrated in Fig. E2.9a. The pressure gage on the top of the tank read
50kPa, and the outside of the tank is at atmospheric pressure.
FIND: What is the magnitude and location of the resultant force on the attached plate?
SOLUTION
F, =(p. +7h)A=[50x10°N / m? +(0.90)(9.81x10°N / m*)(2m)](0.36m?)

=24.356x10°N

o Q-
F,= V(ZThlj A /'f‘\ Ren e /O surace

A

K 1 1.3
|

2m

i}

6m P e K -

= (0.90)(9.81x10°) O'—)(O.%ma) ‘

2
=0.954x10°N AMHSEHAzaHN ~Hlo.003767m |

o5 06m
Fe = F,+F, = 25.310x10°N = 25.310kN| T 7‘;'2;5 h
0 XS J|E0R 8 PHEER) i
FrY, = F(0.3m) + F,(0.2m) atzrado) su9ixi
(OHCERH =0) (CAHOZ 2H 01)

3 3
yo= (24.356x10 N)(0.3m)+(0.3954><10 N)(0.2m) ~0.296m —> 0.3m—0.296m = 0.003767m
25.310x10°N

Fluid Engineering Lab., Chonbuk National University @

Examples

Ol BHIE SH(C)2 JIECE 8t RUEE Ot
F, =24.356x10°N
F, =0.954x10°N
F, = 25.310kN
FrY, = F(0m)+F,(0.1m)
(24.356x10°N)(0m) + (0.954 x10° N )(0.1m)
o7 25310x10°N

=0.003767m, (0.3m—0.003767m = 0.296m)
(S&(C)2Z 2H OfH: OilXl 2.814 22 &b
B _MAY 7w ocam s mam
FR

(o)A R
V83 /Ml EM: 0187 UE B2

5C ]
@ EQSCRES N . # 50kPa (air)
. y
o F——r— Dil surfac air
/ - \ i % e Oil surface
/ hem IZ M the
T T e i
o [EERE T
1 == FELVENTS
F 0.003767m mm  SERMENE
et . — =0 aen oil | air (B R =
T .. LF el T o3
2m] 1
1 p22%m

the = by}

Fluid Engineering Lab., Chonbuk National University @
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Examples

Problem 2.105 0HZ 0171 48t I
Fr = p,A+yh A
=(p, +7h,)A=[50x10°N /m* +(0.90)(9.81x10°N / m*)(2.3m)](0.36m?)
=25.310x10°N (OlIHl 2.8 Z2 2h)
! _(06m)(©6m)° 01296

c(xx) _
YA 0 12 12

.
= w +2.3m=0.013043m +2.3m = 2.313m —> 0.3m—0.01304m = 0.28696m
(2.3m)(0.36m") (SHE2Z SEOR)  (ISEHSTTE k) (OHOREE 0I)

Ofl ™I 281t CH2 gk M DN — AESEM 2.1058 XML

Yr= Yo |

1

HEIIst A RT¥ OS B &X @.«4: kPa
I I g s 1 e
ypl:)’ AL / . \ : 5 - oi
Fa pc A / 5
25310.41

=0.003767m (0Kl 2.8t 22 &b
(ZA(C)2Z 2H OfH)

—— {.—"0.003767m
F. —F 06m
02m - Fr =] I‘u l'jm
—

O N, _0.206m
Plate’

¥l = i)

Fluid Engineering Lab., Chonbuk National University @

2.10 Hydrostatic Force on a Curved
Surface (B 220l= M=)

Fluid Engineering Lab., Chonbuk National University @
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vRH0I A20H= o4E B ) B o0| amAE
JomO) IS NS ) o "
2 AHHIE (control volume) p=yh Ol Wk} HS}
L - B10| £ SHBIQ)
= | I2ols RS X
o« X1 nﬂll_} 2 =ol
e -3 A8 2 2 U
SRl o
Pa
K ~ o0l 5 sgoy
:

- B ARION W2k I} 212}
- Zp0| 21 S0l o] T

F= SUIJH IR0 JHots Mg
= [o]
= AW SN B3 AHET N8

Fy= MOt S 200l Jtot

Fluid Engineering Lab., Chonbuk National University El

[
aX b0l RMIJIAS B b0l ML RIE B2
z allb z allb
T_,)( t—»X
A A
B B
F F
C F ©
Fol P N2 B -F= FEo) 12

- Tl IR HQ
- =210| QA0 Jtots
-3 P oL ET

SHIE ST Jtoh=
A0l ot Uiy 2
(Ol FHIM Jot= &)

Fluid Engineering Lab., Chonbuk National University ﬁ

2.10 R0 ES0H= H4 °

v XISEHIE(Free body diagram of the enclosed liquid block)

- FHIQ A2 Wil FE2Z XS
dp

Basic equation: ——=-y=—pg,
dz
2RO Phigh = Pow ==
s
A FEwe 42
FHETO|
SHI0l Jtok=
e B
Fec= RMIJE FE0) Jlol=s MYHO| +~LEH
Fac= SHIJE 90 Jiol= ML=l 212
= ZB0l A0 JI0l=s +BEH
F,'= F30I SH0 Jiok=s =229
W= 0 M 5

F,=FR —Fac W =0 > R, =Foc +Wyge

z

In addition,
F,=F, R =F — F,=Fy

Fluid Engineering Lab., Chonbuk National University ﬁ
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[y x a Sa
- FR0I HS0= YYS ST P SN0 2o
cASHEY) F EFQUFE HE 200 5 UAS
1 ) FEME(F) U ¥ ASHGN W 5Y)
L.x = F, =7JhdA: LA (dA=bxdz)
_ 2
M,, =7 [h*dA M., =7 [ hyda
C o Pe_
A 2
b My, _y_[h dA e
. “ R y[hda h, A
I'TH
I

Horizontal component =y, (if areais symmetric I

=0)

2y)

Fluid Engineering Lab., Chonbuk National University El

| — AL
2.10 JBI0) ES0H= HoH
v'Summary z
L.,
1) Fy0l 301 X A8 N W
h ; p=sh
371 : Ry=MhA
|
le'gxc‘.l hR:hC-FM Woge
h.A 1 !
Yo=Y +IC(YZ) Py J
RO hA T

C

Horizontal component Vertical component

2)FRQ 37| % XX
371 2 ol S0{X AHILL HIIZ 0IFHA HHl MI7IS 2H

ASH: MEHES 0|00 A0 TS SH SHSAS 790,

oo

>
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pxA i) $HMEB(F,) 2 % U2
IxA=yxV Ry =Wye +Woge

W, :WAC +7VABC
! p=sh = Ay + DA (b = width)

:;}ojhdx (dA=hxdx)
M, =7bjxhdx M, :mjyhdx

M, _mjxhdx_jxhdx

component = R 7b_[hdx - jhdx
M, yoj yhdx jyhdx
o TR e[k [hdx

Fluid Engineering Lab., Chonbuk National University El

ol

[e]X=1
=

oich

| .
[ £x) Jeimoll RS0k oIt &2
Ofl) Ok &Mt x,=10 ft, z,=24 ft2l XEM HEHE JH B0l AL |FH= S011
Xl

FAR = AT Hol ZE20t= 2l HEHS FOIML. Ho T2 50 ft

— o a
2 2
A =24i) 0.24x2
X, 10

Fluid Engineering Lab., Chonbuk National University ﬁ
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= pxbxdz
=shxbxdz(h=z,-2)
= yxbx(z, - z)dz

Fy :;/xbe‘OZA(Zofz)iZ

dA=bdz ‘

F. =7[hdA=sh A (dA=bxd2)

Xo

=62.4x12x24%50lb,

=898,560lb,
~899,000Ib,

=yxbx [zoz —0.522E4
=62.4x50%(24x 24-0.5x 242)Ib,
—898,560Ib,

~899,000lb,

Fluid Engineering Lab., Chonbuk National University El

I dF, 1
M Zp = F, :—HIZdFH
z Z :ijzxyxbx(zn—zhz
yxb
« =F _[(zoz—zz)iz
H
e b1 1,7
_rx [720227723:|
. Fol2™ 37
hy = h, +-202
T h :yXb(124x24271243j
(50%24%) /12 Fu \2 :
X
=12+4—— 62.4x50( 1 1
12x24x50 = (724x24“§243)

=16ft (basedonh=0)

899,000 | 2
=8ft (basedon z=0)

Fluid Engineering Lab., Chonbuk National University ﬁ
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=yxbxhxdx
= yxbx(z,-0.24x Jdx

10
0

F, :;/xbx.[ (20—0.24x2)ix

l 2

10

:yxbx{ZOX—O.lex%XB]

0

= 62.4><50><{24><1070.24><%XIOS}IDf

=499,2001b,
~499,000lb,

Fluid Engineering Lab., Chonbuk National University El

s | XL 861 = Gl P NI=F.%
L_EX) =HT0l £20l= 8l A8
F., ~899,000Ib,
( Y R, ~499,000b,
1,028 s
' F = /89,0007 + 499, 0007 b,
=1,028,000lb,
z 24
899 23 6= tan’li
7.07 "
8 _, 499,000
=tan
« 899,000
le—»] 5.43
3.75 =29°
\Unit: x 10%lby 10 ) z,=8ft (based onz=0)
Xz =3.75ft (based on x=0)

Fluid Engineering Lab., Chonbuk National University ﬁ
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Examples

Example 2.9 Hydrostatic Pressure Force on a Curved Surface
GIVEN: : A 1.8 m diameter drainage conduit of the type shown in Fig. E2.9a is half full of water

at rest, as shown in Fig. E2.9b.
FIND: Determine the magnitude and line of action of the resultant force that the water exerts on

a 0.3 m length of the curved section BC of the conduit wall.
SOLUTION
F, = 7h, A= (9800N / m*)(0.45m)(0.27m?) =1191IN

W = M = (9800N / m*)(0.81z/ 4)m? (0.3m) =1870N
F, =W =1870N

F, =F, =119IN
Fe=v(R)? +(FR)?

=/(119IN)? + (1870N)?

=2218N

Fluid Engineering Lab., Chonbuk National University @

2.11 Buoyancy, Floatation, and Stability
vEE: SHE UM S0 228 1 SHIS S0 HHHNRCR U 2=
FXSH S0M SHZ2E SHDL = B2HE(e=)9 aiigol
J1 @HIol ZH20t= . (BHHO oSt Zu0I2 2 20l0I= $)

=
he
Fo= Fy - Ff
Mg Aj‘ .
} L] F, F=PA=hpgA
Mg = 1 500 R Fluid of

(a) (b)
density p

Fluid Engineering Lab., Chonbuk National University I}]

2022-03-03

2.11 Buoyancy, Floatation, and
Stability (F5, M2 2Ey)

Fluid Engineering Lab., Chonbuk National University @

2.11 Buoyancy, Floatation, and Stability

vE EMIQl B(Sink body)

1 Wiy, F=pA |h
" l L ] h,
°1 i - hz i hl
T T F,=p,A
z
T Fo =MA
B : Center of buoyancy

body

Summary ¥
W _ FB ?

7 body ><Vbody =7 fuid ><Vbody

Basaresos

) £ SN0l 280l BHY
Fe=F-F

=7 ia A=V g A
=7mia (, ~I)A
=7 miaNA
=7 fluidvbody

i) 10| WY

S F, =W +Fy

= Wiogy + ¥ uia Voosy =0

Wbody = 7|Iu|dvbody

Fluid Engineering Lab., Chonbuk National University @
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2.11 Buoyancy, Floatation, and Stability

vHAE SHIQ BR(Float body) ) 2 SHo| &0l Bu
F,=F,-F

1

Woq

ly

@

F=pA
l =0 (gage p)

=7 fiuid hsubmerged A-0
hsubmerged

=7 fid hsubmerged A

T |
@

=7 ﬂuidvsubmerged body
FE = }'hsubmergedA

i) @10 Wy
T Z F, =W +Fs
, = Whogy 7 gV,
=0

submerged
B: Center of buoyancy

Summary

Woo = Fs Whoty = 7 fuia V submergedbocy
ody

7 body ><Vbody =7 fluid szubmergedbody

Fluid Engineering Lab., Chonbuk National University El

2.11 §HT SHIQ AHET

v'Stable and Unstable state (2Fd X EOHH AHH|)

@ Stable equilibrium (X TH)
w SN0 LoIo] DIAHAE FUAS I SAHI YW= A
—{— @ Neutral equilibrium (SHHY)
g SerE BEE0| 41N BT B OF B0 U X
(2) Stable equilibrium ® Unstable equilibrium (SOOI LH)
—@— SEHI0N Lol10| DIAHRAE FAS I BSHO| HWI= AR

(S M HSH0I 4H OE BSYHZ BA= )
mg

(b) Neutral equilibrium v Linear stable equilibrium : A B{0)| LHOH O+

v Rotational equilibrium: 2} B1{0ll (ol OFY (=R 38HH 2H)
T~
mg
s () el
F F

(c) Unstable equilibrium

Fluid Engineering Lab., Chonbuk National University @
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2.11 Buoyancy, Floatation, and Stability

Summary
B

DR
Wbody =Fg b

&171 2HI0] S X0 F ZOW,
Hlol =0l WAXIS 20| 21 2Tt

- i) HYUS 2HO| $=2 SHIol S 2O,
= Voo =7 10s Vammeraey| O B S N S S e it

=
=
s

ac

O] ==x=at
V\fody HHJ SSo
Bf =
= L EULEo

Fluid Engineering Lab., Chonbuk National University El

2.11 FHX SHIO| oHS T
v’ Estimation of stable and unstable

The position of the center of gravity of an object affects its stability. The lower the
center of gravity (G) is, the more stable the object.

Why is it not agood idea to stand up ?
[Figure 1]

High centre o

Fluid Engineering Lab., Chonbuk National University @
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=
2.11 AT SHIQ 8T
VEH &0 ZAT SHQ 8T
A U= SH 0122 £20| 3)17 LH(SHQ LUV} HACHK &)
SE0| SH(PA) AT HOHK %S

VEHI ENY HEE HE
S 0l BY SN FASYOL @) AR T2t AW T
®BIIGEL S0 EX : PHE wxr 2 SUTUES H2GE 54)
@ BIL G ORHOI =X : THE wxr 2 HEQUER M2 EoH

og

el

(a) B > G (stable) (b) B < G (unstable)

Fluid Engineering Lab., Chonbuk National University @

2.11 2 HI9| OHH T (Stability)

v FHIQ 20 TDHE Fa9 AKX B} &
SHITEo B2 2890 SHIO RHISA(G)2 HOHK %S,
(R BE ME2 R BE Bg
(RHE 220| 0122 SA0| K| Jt B

v EHQ oH8 T WEY  cmBa =0)Y II1E 018010 T

OM>G: ok
@M<G: 228 (GM:-)
AOM=G: 3

v How to calculate
metacentric height (GM) ?

w(EN 53)

W,

body

xV,

= FB
(a) {b)
body = 7 fluid xV,

Vbody submerged body

2022-03-03

2.11 B HIO] OHRIT (Stability)

v SMI(3#8, Floating Body, XIR BB ZHUA= SH)Q CHEE e
S SHIC ZAHITN S0i CloH M A= SHI. HEH0 M2t SHIQ Z21 FEO| 21 It 819} 8t
MRt ZPHZI AEH0) et 2350l 37| X 241(B)2 AXITL B (0,7 p,)

v 2HIQ| N W

2 ZH0 Wt ()2 |XITHHHOINE 22 HEH TR (GM: & =01)

(x Y SMl= & 6o 4 B2l AXI0) Ui} AHTE TE (B>G: 2HY))

, - Buoyant force C]
:Weightof body  (BM =)
:Center of gravity (SHSA
:Center of buoyancy (52l

: Metercentiic (BA)
:metercentic height (ZA&=01)

: WxGMsind (SRTHE)

T

R

(@]
Z‘Zmoé

<

Vody vaody =7 fid xvsubmerged body

Wbody =F

Fluid Engineering Lab.,

Chonbuk National University @

2.11 S2HIQ| OHM T (Stability)

Fluid Engineering Lab., Chonbuk National University @

v EHIQ S0 TE Fa(B)2 AKX 2ot

7t e 23 ZHHAOIS O 0 MHE HX Sl &) ME I Y=

BaM)Y AKX MOl THE BHe YT TE

z L, x dx Ay
T e
: iy 1 X 2 |

; —~dA

(2) 3B (b) BHE (B 2T

v Basic idea

dry

(38

(c) Coordinate sketch

Moe =M, (&1 HIZESH0] 018t D HE-S AtB}0]| O[3t THIE)

M, =Return moment (EHI2 FHSA(G)E FAE

DVDHE)

Fluid Engineering Lab.,

Chonbuk National University @
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2.11 SHI9] PHEE (Stability)

v 3dE0I(GM) R S ZHE(Mg) HIL

i) Moc HI& (Mg coupre)

N

E%%‘ dA=xsin@xdx (BHUT JIE)

- dV =xsin@xdxx y (2= 20l
dF =y, xdV

dM,, = 2x xx dF (couple moment)
dAgxsin Jox = 2X XXy XXSINOxAXX Y

M, = 2.[034yf,uid x X2 sin @ dxy

7 =2 g SIN HLSAXZ dxy
= ¥ uig SIN HIA x* dxy

= 7 SN Of, IARIE 1)

riuid Engineering Lab., Chonbuk National University @

2.11 2 HI9] HE T (Stability)
i) Mg SRADHE A& (RHISL GE SLUCE)
M, = F, xMGsin @
—W x MGsin @ (&3 MG £30] L2t

S FE ME0| 2

— &55

J = dx

iv) SHIO QHNE TH
MB sin@ MG =MB-GB>0 —M, >0 Stable (MG >0)
5 MG =MB-GB <0 — M, <0 Unstable(MG < 0)

Summary

| I . [
MG=—% _GB M =F,xMGsin@ M,>0 Stable (MG>0)

V R
by =W xMGsind M, <0 Unstable (MG <0)

Fluid Engineering Lab., Chonbuk National University @
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2.11 SHI9] OHEE (Stability)

iy Mg HIAH (RA BE SACE)
P BE MER 24 B'Z Halet] mat
SABE SHOET ol 9E THE W
M, =F, xBB'=F, xMBsin 6
Moct MpE S20I22 (F2! MIAHel Zih
Moc =Mg
7 g SIN 49_[ x2 dxy = F, x MB sin @

" 2
NiB = 7f|uid-S|n HI x“dA _ Vg J‘deA _ L)
sin 9)< FB FB VSubmerged
Y Inaddition, -
o« -

MB=MG+0B = o @BZE )
Vsubmerged (%x"gl Q?_I xﬂﬁ)

T e

Submerged

Fluid Engineering Lab., Chonbuk National University @

2.12 Pressure Variation in a Fluid
with Rigid-body Motion
(ZH 230l |Hl H &4 S )

Fluid Engineering Lab., Chonbuk National University @
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2.12.1 JMISF FHIQ SHE | 2121 HMPS FHI SHH
v MHX Y (Relative equilibrium) VU VY (Relative equilibrium)Ql & 0 4): MHEH0| ZXHOIXI &= B3R
250k= SMIXL AL0IS] HIHEQ 2F0] 8= B2 (HHSHO| EMOIXI &= B i) X —component | .
MO280] ZIOIK| RO MstY T2 1S 4 UL SF, =F{+Fy + B =ma | /
ex) i;l -:-ﬂ SHITLEII9 SHHl 4 ’-w-:r%f AR ) pdydz_(m » dx]dydz _ dydzxa _Q,_Q_
2129 SMIL 2712 S ;_#21 222 AEQ ox . Iy /

(forced vortex motion)

D F=F+Fy +F4

d
=F +F +u7L41'A
B SN dy

=F+F, =ma

,%dedydz:pdxdydzxax - —%p:pax | @_ -

i) y —component | s
D F, =B{+Fy +E =ma
= pdxdz —[ p+ (%p dyjdxdz = pdxdydzxa,
[e)

op op
"oy dxdydz = pdxdydzxa, — o =pa,

Fluid Engineering Lab., Chonbuk National University @

(=] o
2121 HMSE QA0 MHE By (2121 ANSE QIO AHE B
I v x-z 2Kt WBIOIN x- WO T SIHEE 250t= 2L (3,=0)

iii) z—component If

Y F,=F,+Fy + B4 =ma
dp:@dx+a—pdz
oX oz

=—ydxdydz + pdxdy —( p+ Z—FZJ dz) dxdy = pdxdydzxa;
p =-pa,dx—(y+ pa,)dz
=—ydxdydz —dedydz = pdxdydz xa, p=—pax—(r+pa,)z+C

if p=p,atx=0,z=0 C=p,

= _%:paz
o p=-paX—(r+pa,)z+0p,
-—=pa,+y=pla,+g) =p, —pax—(y+pa,)z

oz .
e RO
op op op AR 9
-—L=pa, ———=pa, —-—=p(a,+
x y P T pa+9) SIHAE 25 87| W oM 2
[p: po _mxx_(y_'_/ﬁz)z]

Fluid Engineering Lab., Chonbuk National University @

Fluid Engineering Lab., Chonbuk National University @

31



2.12.1 SIMR2F gHIol A H

97|m°xiu or=318)]
%:“3

HHIQ AIFEH AH2 p=p,, 0122

Pam = Po — PALX— (7 + 08,)2
3y X+ Po — Patm

(r+pm,) (r+pa,)
S R e P
(9+a,) (r+pa,)

p=constant@ SB9| J|&7| (dz/dx)

g:— & =tané
dx (g+a,)
tan g =

(g+a)

Fluid Engineering Lab., Chonbuk National University @

2.12.2 ZHIRIM

412 diN I

v Forced-vortex motion(ZtHl

- A EE Z

(-re?)

V, -V, =AV

QAMOL= FMILXT SEHE SSSEHO AS

245 9F - HOSE ZO 82

RV
WM At A
=(ro)o=ro’

L880129)

( ~N
=
10
]
T2 [y

a, =ro

; — i
p=np(r,0,2) E}r

= p(r, z) (ZHI JAHO0I2Z o= HOIX B42)

Fluid Engineering Lab., Chonbuk National University @
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2.12.1 MRE SHIOl AHA

Ol) 201 Q= £X0IM £ & wato

2mOfiA = A2 A0t

z a, =6m/s’

<V

p=p, - pax-
=p,— & k{142 ]2
- e g V] g

v If we put origin on the free surface(R1E & XISEMH AH)

— x=0,a,=0, p,=0
p=—(r+pa,)z
, 1000kg, /m® )
=—(1000kg, / m* + —————x6m/s") x (-2m)
9.8m/s

=3224.49kg, /m? =0.3224kg, /cm?

Z 6m/s2Q] JES I} 2120k A 20

[p= Po —PaxX—(}"",Daz)Z]

(r+pa,)z

Fluid Engineering Lab., Chonbuk National University @

2.12.2 ZHI2I™

SH2 JiN I

> F =ma

dp:%dw de—pra) dr —ydz

p:%przwz—yz+C

P
d p+—dr)
pdA— (p+—dr]dA pdAdr xa, (=-re®) o
L
o _ p
o =pro dA ar
Yr: Py guzanizeza f

Fluid Engineering Lab., Chonbuk National University @
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2.12.2 ZHIBIE FHIS SN EE

2022-03-03

SM(iso-pressure) 2 (dp=0) , ‘
op op 2 =
dp=——dr+—dz = pre°dr—ydz
P or * 0z pre 7

0= pro’dr —ydz

dz ro? r’e’ ——
d—:——>z: 2 +C z ,mﬁgﬂ%n?
. r 9 Y h 3 I3 / » R
if r=0,C=h, (Xt2E20ll o) — ‘
riof e
=% 4h Hh f —
29 ° N~ ] k3
NQEHS JIZ2E M2l &2 =0 R
22 W2 H: 32 M IRHEH 50|
- - B L=} = EAl X
h=2" or h=2 (w=tangential velocity) "~ XFE% =G =0Ik)
29 29
FHIQ U YS =0I(h,. at r=R)
202
o'R
hmax = 2
g

Fluid Engineering Lab., Chonbuk National University @

2.12.2 ZHI2IM SHIO &HA T
XIS ESH0 Coh HaE ZEMO| HIN

HE(n), E0I(h), FHIdn2! #SH H(shel)2] HIH

dV =2zrhdr

XIS HS Ol MM M=

Vv :J':OR 2zrhdr

. 2.2 252
:2”.[ i ﬂ“’hc rdr = zR? ﬂJth,
=\ 29 49

B Figure E2.12
X ™

271U |M MV = 7R°H .
ol ® 271 U M HIS = 318 = 27| U HIN ( 20 ]
2 2 N
ﬁRZ{‘”R +h0J:7rR2H S Hop, =28
49 49 \
o’R?* |
YASH M )| SAUME IE MOl 501: h, =H - |
70’R* g/,
ASE QA HIE : Vi, e :[ o J -

Fluid Engineering Lab., Chonbuk National University @

2.12.2 ZHIRIE FHIS SHH

M2 S0l Aolo| UXININ U 22

o . . P 2
dp=—dr+—dz= dr —ydz
P or oz pre n

p:%pﬁw“wc

if p=p, at r=0&z=0,C=p,

2
[ p:po+p;o I’Z—}/Z]

p,(r=0,z=0)
z
if z=0, p, = p.,, =0 (gage pressure)
(MOl XIS EB0 4BE BR)
1 ,, p r‘e
=Zpr h=>-=
p 2/7 0 — 7 29

Fluid Engineering Lab., Chonbuk National University @

2.12.2 ZHIPIH SHIS SHE I

[~ azEwas sng HMEFno 2+=2 BH)

SHIM 72 3AE 0180tH [muZRA
Rz (2gh,, Y 7oh,’ 49 ) 4
Vblue area — 4g = 4g 0)2 = 2

w h _n[ l
g 1l
ho_@ R? = 29Ny o
( e = g - : o ] <fl:f>m
Sapeo20h R
2 iige 012019 o’ aveardng ] P
V[ av = [™ artdn = [ 7 2% : 3 {
0 0 o ®° i h| *
. mEmM#RQ S
279 ho 279 | h? |
== [ hdh =222 .
o 70 o | 2| i
ﬂgh 2 ) y y:xz?ry:\/; Cb"’

== max Y : / 1 2 ]2
/ A [y <] 2y | _2
of RHIEL, Bror[57] -5
\
N, 1, 1. 1
NE t A:Lxdx:[gxlzg
X
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Homework #3

v'Problem set for Ch. 2

5, 10, 20, 27, 34,

38, 45, 54, 55, 62,

82, 84, 88, 90, 105,
116, 122, 134, 144, 146
152, 158 (22 problems)

5) S=1.53, 27)=135.8kPa 45h="P
54) h=6.76m 55)S=1.05 271

HIZ 18k chapter 2. Al ©] XA
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