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TN S (o pEsE7EL) Fluid statics

IThe study of fluids at rest; K| &EL Q]
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QXA 85 (7)Y SE SEE JH
> X BRI FHT St X0 MO FHZE 7T Y2 RE P
HFJOE 7ﬂ,_ 2t JHAICH N e &t 7 (system) Ol M vector2 ESE 7
(FE0l) IXI0f Tf2k RM7F7HE 23 3t P2k 4 Ak 22 o= AP0 M= zero. X
> -?-|§ of2fo] Xl 24 (element)E A0 T
n

QHI7L TS A2t of L WatoRE

O —
el WOl &[0 OF L} - E': force
component=0| ZfZf zero

FX =F,sin¢ =P, -sind - Aa
FY = —F,cos¢p = —P, - cos ¢ - Aa

Fb = —F,sin@ = —Py - sin0 - Ab
F) = —F,cos® = —P}, - cos 6 - Ab
My =y
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FV=ZFiy=Fay+Fg+Fcy+wy=o ———————————————————————————————————————————

A few more inputs considering the geometric features!  JWeight (w; body force; Af| A &).

»sin® = Ay/Ab »>W = mg = pgV = EpgAcAy

»cos© = Ac,/Ab Aa Ayi Ab

»sin¢d =Ay/Aa Ag’ :Aéc?

»cosd = Acq/Aa Ac i
r--r——"~=""~"~"~"~"=7"7"7"7"7"7Y7¥7¥7"7¥7™Y 77"/~~~ T~/ T/TT/TTTTTTT====" 1
: F* =P, -sind-Aa—Py-sinb-Ab=0 :
i — P, -Ay/Aa-Aa— Py -Ay/Ab-Ab =0 i - —P,-Ac+P.-Ac—w =0
: —-P,—P,=0:P, =Py :
. F¥Y=—P,-cosd-Aa—Pp-cos8-Ab+P.-Ac—w =0 i (PC—Pa)Ac—%pgAcAy=O
| ~—P,- 52 Aa—P,-~2-Ab+P. - Ac—w =0 i 1
| P -Ac, — P, Ay 4 P Ac—w = 0 | 7 PatypeAchy/Ac=E
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(w0 A

7|52 Off)

= — (e}
SHE(g)LH2| A 2[4 AFEE FE
O -
AXIE S H 7S L
X
z
A
z+ Az ™
2% AZ ——
Y
g
Pl,: S8HEO 2|5
Pl Z Eoﬂ &%'&E z%?‘
R
2™
z — ,
;ZX: P|,xA: 2| X|Of| A
ae xg3te ¢
Pl,A
(a)
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PgAAZ
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I | | z4+4z T

I P|,, ,,A= body force

. of fluid AO[OI A 225 BtBto 2 45

. above Qb2 x}0| 7} ZRYBHCY.

I level

! CD ZAZ L ax graiole £5 3 k0|2

! 0| of I}

! z+A0z 8| L ol g Kole, EHF £

! SQHII EHEE wetoR

] Pl azA WA 422 71 ) A 7ICH

PlzTAzA Q: Az P2 Q| T X0 = QIS HElX][=

=X X0|= o C[of 7| QIStLE?

At
| =74 ArOof| 771 21 = H| o
&5

2ol B (X 27)

[Ch2fA,

Z

| £ rearrange:

P|Z+AZ'A_P|Z'A=_ .—>.A_>P|Z+AZ_P|Z:_ 2
Az P& Az &

d_P _ P|Z+AZ - Plz — n.T

dz — Az-0 Az DL




pause, break

Recap,

Q=9 origin (ZAt/HALS] Al 2t
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Example

. il . —=—p-g
dz

«Q,
<

=X|& 5 Let’s fix Az = 0.1 [m]

SZ POl 2o YTt ZO|of et TatRICHE?
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Application to atmosphere

|
QCH 7| (atmosphere) ! RT 1 PM
V= P
|
|
|
|
|
o}
| Z
OFOF CH 7[ 7} O & 7| A : y'}‘ <
H&= oCHH? !
|
|
RT Orok CHZ| 7} O| AT &
PV = — “_'EHcl,Ll‘D’qu [ ap dP PM
1b1’ :Z1 o = EZ_ [:r L__EP 1 _ = __./)(gl II" _ = .__‘gl _
1 dz dz RT
P: pressure I 3
v: B A= 21 (= 1/p) :
R: 7|4 A ' @M
T2 (Bl 2k) : P RT
M: 7| K| 2| EALE !
|
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O A 7| X &Y Al

APV =nRT = NkgT
»P: Pressure of the gas
»V: Volume of the gas
>n: the amount of substance of gas (the number of moles; =)
»>N: The number of gas molecules (N, - n; OtE7IEE Q| = x 2
»kg: Boltzmann constant
»T: the absolute temperature of the gas.

IMolar form:

7 K2l ‘&= F=ohA LIELLE 7| RIBHM === TH, Z=tet 2 S *f%%‘ - UL,
raEm)2 A Z (712 ™m; TRl g-mol ™) 15} | =) 2 LIEE == QUL

em=M-n
en=m/M
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Application to atmosphere

gM

——dz ‘

P RT
2, g7t 20| REEICHIH
‘l" Adz:—sO P =P,
*Atz=7zP=P
—=f ——dz
p P Jo RT

SEL 0 LS Yl 2EL £0f
:2517%,k£gcﬂgzzy Q

. 0| £0] 1000m 22} Z &£ 6.5°C TH2

RTO|A{ Zh2~ SHCHH, E|-2J‘_I|-7Fo|251-_
20l CHSH st 2 BESiTts 6}[};

1000~
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Numerical solution?

dP gM Boundary condition: at z=0, P=1 [atm]

P R (298 _ 0o ) «20f| [HZ P2l HBHS &I E XL p(z)

Let’s fix Az = 0.01

Let’s fix Zog = 0, PO =1

What is AP =?
M M
AP =P — g Az | | =Py g Az
R (298 - 15502 R (298 — 1550 %)

Mo s
S 28

EH

[Ok

0@
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Torricelli experiment

A 2Hofl BIBHA, B[O /U=
20| Z 0|7t ZofLt ZIX| 57

Ot5 P T2 L 9| T 7|29
BAH B (=Ar-7 2 H)0f
&0t 7| 2ol 2f5f
220| H|"8 U2

ChFot CH 7| 2 0f| A AR . s
HESA[Of B 2o e
210|7} #BtC} 92 =

A EH (f face): 2 0]
7l 22 SHAYLIIN A8 fAolct N K| B B, S8 020
_Jr_%Ol 7é‘>|X|'(')' 9 E7‘|OE EO|'7:|7-'"j:l-_ 2AIG| E E0FE B AL,
Cy3]2i3), 20 + C0| X BSE B0 Saon Ge o
slmds{ Q] Ol 1L}
00O I '*?- I- https://en.wikipedia.org/wiki/Evangelista_Torricelli
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Torricelli experiment

Virtual vacuum

E;J(l %S; (}” )k1'52| |
A 2= & &ot= 7| &

[H2rA, BRI 2| 5= 7010
CH712fE =582 = ACH!

20| H| Y= H(incompressible) 2| 2 H
(243)0f 4-2Hglo] YTt A

BRI HOAM 2| 282 = mg = p - area - height - g
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Torricelli experiment

Virtual vacuum

d
A

h =0[2| ZtLY ‘At H B’
ol M2l &rH=0

v

T

BA|HOM2| 2
BA|HOAM2| 2

0

MER(F,) =mg=p-area- height-g
ok 2. P, = F,/area

tSF X2 &
S o
(=

C
s

0

ol 2k, Ae| D SHIIEKEEE
SO =02 07| =58
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Recap

M| QALY of
ool HOIME grare
DEYgoR e te

ZFEICE

.

Tl ote; EHO| & Esl= ST (g)
Oted 912 (free surface) &f% I:él-'c'é)l:

Virtual vacuum

P;:
Efolo] Ly =

Reading assignment: =7FX| 40| X| Ri2 K| = =l D =HA p16-p17
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Another example

Frotal = dey=jAP-dA
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F& (324, buoyancy)

Any object, wholly or partially immersed in
a fluid, is buoyed up by a force equal to the
weight of the fluid displaced by the object

Archimedes’ principle

mobject t

(mass of the object)\“\T y

d f the fluid MBH| & EH 2| =2 /O] British
ol B
e pound coinO| £ = 0] 2|5} K QUL

https://en.wikipedia.org/wiki/Buoyancy
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Archimedes principle

Solid= S| O 2 O £ 72 e =
BE E20ME 271 glo| 2tg
=02 022 5
£t =X|7t 7HEC = AT tE A2, FAH 0 gHCh
2 HISFO 2 [ 22|28 = 23 X83}7| I 20|ChH
Jghe 1 2e2 doia S (YA E o 2) §e3ts
A7
N e
i |y z & @AM fluid2t
Fell 20| levels 1, 2540
Level 1

Fluid

Level 2

WA 25p, A3 1.12
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*Slide 17

Frotal = dey= fAP-dA




H 24
T

Ao & S 7S HA
|40 &= 78 Fol7|

-Zi0|1
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*Slide 17

dF, = P,dA . ; I}d .

w =fP'dA
A

MR £ 7[S0 M=
Plde ez C>0+01| o|sl| Rt =
22 f{otefl = E #O|Lt.

715 240 HH o &-E5t= 72
o3t 2 £ Hhsto| 3 R4,
dF, = P,(atlevel 1) - dA + P,(atlevel 2) - dA

= (—P;dA) + (P,dA)
= —pgh,dA + pgh,dA F=dFY +dF + drF® ..

= pg(h, —hy)dA
= pgdV

K, =dez =fpng=ng
Vv v




Recap

D2 7IH HAXY/=A7E & 712 Hat

ZIH[off 2l5 &712] Hofl 7ta}

*Slide 4
ince/py) = 22
%9 7‘ )\E : = —
» otgio o E uisto 2 T n( / O) RT z
"' Z2 3S 7ok ) e
: P ( gM )
—=exXp|——=2
e | | Py O P\TRT
. dP ........... ‘ ......
*slide 17 —=-p-g | 7I& &% (barometric formula)
et I A Ittt obdbidictcdfc ol
v
h p— 7 ZOf2Y; BP0 AR5} ==
w P =pgh R | ST
\ Virtual vacuum I:g"'k
y
E [
w
P;: i
F, dez = Jpng = pgV EFO[Of Lj &
|4
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Free surface

Pop+p-g-h

aF = [, P dA
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