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Learning Objectives

,'V N 1.1 Some Characteristics of Fluids

v determine the dimensions and units of physical quantities. o = Al
(RHIC EY)

v Identify the key fluid properties used in the analysis of fluid behavior,
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v  calculate common fluid properties given appropriate information. 2H|o] EA: OF ol EAs
FH S4: MMM A= S
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1) What is Fluid? (RHIZ SALIT}I?)
2) Classification of Fluids (SMICl 2%

v  use the concepts of viscosity, vapor pressure, and surface tension. 3) Fluid Mechanics? (S 212H0] 247)
\ J

v explain effects of fluid compressibility.

4) Application Area of Fluid Mechanics (RMI2iS 22 20}

1.2 Dimensions, Homogeneity, and Units (K19, XFd SKHA 2 ©H9))

1.4 Measures of Fluid Mass and Weight (SMl 21t £H, LT, HISE HIS)
1.6 Viscosity (A HIF), 1.7 Compressibility of Fluids (RHI2] Z=4)

1.9 surface Tension (HBZAH)
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1) What is Fluid? (8 M2t £2217}?)

v Classification of Matter and FIuid(EZ 28 ¥ M)
Fluids are a subset of the phases of matter and include liquids, gases, plasmas
and, to some extent, plastic solids.

Solid phase (1Ml

Liquid phase (24H)

Free urfuce

Matter(S &)

Fluid (SHl)

Gas phase (JIHl)

* Free surface(\IS HO) ?

v Definition of Fluid
-SalA Ol : QR0IM SOILE 2HES JI0HX] 852

T

2 ALEHOI 4TI%} I INIE B

-2ty FO| : 37|29t PO M HES(shear stress)0l 201
HEXOZ HAUE = EH(matter). § MESH 1L Q0 WY 012N
In physics, a fluid is defined as a substance that deforms (flows)
continually when acted on by a shearing stress of any magnitude.
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Summary of Terminologies
- Stress(S): Xl AF 0l 22101 JHHE T, I SHI S0 A0 MBOtTd 1 Ot 0] 2

ﬁ 'L Ol S S8 (stress)012t1l Ot HYSHAZ X20l= 82 HA
;E.E 3 (@) HEEH(tensie stress) )} X128 (normal stress) e
2 ﬁﬂ (b) =SS (compressive stress, o R
- I:U 7 (c) MES(shearing stress) Fof T AF onareadd
(d) 828 (bending stress) ‘LIT_’ Sl
(e) HIE & S H(torsional stress) B osuece

F,
dA

Normal stress: o

-Normal stress(+ES3) : HR0| HB0Hs DML 80| 5 A2 oo
-Shear stress(MIEHS &) HOI(l| H20H= DSHAHD 80| $1 N8
- Strain (M) S(QIH, S, OFSIS JH0IE HA| HOHOHH 0] HAIS HHO|2} 2,
20| HHEY QYOS =)= MU e B
SAUGIK = HEE ANBH0I S
Strain rate(HH B E): MHO| A2+ HOIE (M AIZH
Free surface(KKQEB): 4RI7F JIRI0I HOIT Y= BR T= VEI}ME 02 5 QMO ZAID
(HQER0| B0 Mo§ Y= $2S BUEHOR TR0 F)
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- 1M HY S S0i MHS
:M2tM H80t= 8

CE, YEo HEY

- 8l 0122 REZE Mo
 matA &80t AEe

(=]

IK

=, =

Normal
to surface

Force acting
F on arca dA

=><* Tangent

F!/ to surface

~dA
L /
—~—/

Normal stress: o = =
dA

2 £
Shear stress: T =
dA

v More details on the Fluid Properties

- S0 AH0 Mol S LA LE EF
2ol He g g

(stress)2 B F(strain)0ll HI|

2 Z2 01H HoHX BiH20IA HEO| B

S (shear stress)2| S OLHAM HEHOZ HAHDI= EF
B |

o0

|5, Qo MO0 B8

} A OJ=
T?AIE

|
Pt |
“'

Mg BEN

(shear stress):

=1
LIRS UYS UFX B HYSZ M &

Contact area, Shear stress

A

Force, F
a :
y Deformed

mubbes Terminologies (201)

Stress (S8

Strain (MY )
Strain rate (ME &)
Shear (M)

1
Shear rate(&): r

strain, " a
Shear strain rate:a
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i Rest—=—r
X H u viscos force
E> Euler Equaglljon _ Vv _ Fluid velocity
= #E =0 a  Sound speed
OV Y e
—— = pf —A
P = AP

Compressibility

Viscous fluids Newtonian | N-S Equation
”du = 2 q
B n=0 M0l
& D\; 'U(‘)y a 1
Fluids < Pﬁ:/f*ADﬂUVZVJrgHV(VV)
ﬁ:”au
Incompressible ER

p =const.

p=pRT

Compressible

fluids E> Gas dynamic (Ma>0.3)

p # const.
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2) Classification of Fluids (RHI2] &)
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(1) &HM (Compressibility)0ll I 28
: compressibility is a measure of the relative volume change of a fluid or solid as
a response to a pressure (or mean stress) change.

KMl £ SMK = OILIQ U (p, density)?] ¥IZH0]| E 27
AHZE 2E SHIQ L= 40| 2201 HOLOIXI D 04 ZH0 Wt
xS 1 F= SAIOKETI IME 28
- Compressible Fluids (A=A QM)
0] 220t LTI HOLok= |Ml(p # constant )
F 4O Z2et me HIN, 25, L= S0I Hoks Hl.

: QUM O J|H|(gas), D& IIHI(Ma>0.3), =ZH XL (water hammer) SHAIAl HH|

- Incompressible Fluids (HIZ=A SHI)
(0] 22010 2=0l TIXI §=CH JHE S SHI(p = constant )
D& A A0 MY, 25, L5 S0l LHOICHD JH™OoH= |Al.
- AU O M| (liquid), HEZSE9] JIMI(Ma<0.3) S0l H2

2) Classification of Fluids (HI2] &)
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2) Classification of Fluids (8MI2] &)

- Viscous Fluids (A M, &Ml (actual Fluids))

» Newtonian Fluid du 5
:Newton O] HAYE| (7= )8 HEOI= /A z
ST IESTEN T IE S IR '
(ME 30| HE S50 Higlolk= Y |l

(E, 3JILU 2 S HA |Hl= 2F wE |Hl
Non-Newtonian Fluid

(MY S MY S50 A0 UK B2 FH
(BE JI271 (dwdy)Oll TH2E HAHS (1)t Hots QM |

O : 2%, HAE EIZ2, 43, 2] S) ’

X Note : 0I&QHIE &2 C10I0IA HIEALHIE XIAOHH,
2 OitME HIEY, =4 FHE 20t
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(2) @Y(viscosity)0ll IE BF
: Viscosity is a measure of the resistance of a fluid which is being deformed by
either shear stress or tensile stress.

A0l |H S0 WSt HPS LOIH 2S0t= AL JIH WS
UEHLHE D022 WRORRO0I2 0 S ST = MK &

PE |l SRNHOZ HYKIMOIXIY Mojy MMS FAIT Ol42E
FHE OF= 2L 201 Ot oMY HYS 1 E= FAIOLEII0N TE

=
™

L

aorTr

HI

- Inviscid Fluids (HIE & S, OI&KHl (Ideal Fluids))
(OHA10] Ha3lE ol FA01 SiTi JEESt Sl Ol&| Ml (Ideal Gas)2tal 8.
(Oll: 3712 201 HA0| IHL 22 |HIC B2 HAEY |FHIZ JI1H)
- Viscous Fluids (MM X, AAHKA (actual Fluids))
S0l AUM A=k 7)01 &8t MIE cloig

(S |HIQ SE E= /Ml SUIM HEX201 LEILE |HIE 2018
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3) Fluid Mechanics? (SHISISH0|E?)

v Relationship to continuum mechanics
« Fluid mechanics is a subdiscipline of continuum mechanics

+ SN0 ZS0t= A0l et HSH W2t 2ForH

Continuum mechanics
(study of physics of continuum
materials)

I
[ 1
Solid mechanics Fluid mechanics
(study of physics of continuum materials (study of physics of continuum materials
with a defined rest shape) which deform when subjected to a force)

l—l—ll—l—|

Elasticity Plasticity Non-Newtonian Newtonian
(describes materials that (describes materials that Ao AR DT (undergo strain rate
return to their shape after permanently deform after ( erg 9e

3 e rates proportional to the proportional to the
applied stresses are a sufficient applied 3
removed) stress) applied shear stress) applied shear stress)

Rheology

(study of materials with
both solid and fluid
characteristics
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3) Fluid Mechanics? (FHIE S0 &)

SRS 52, Fluid Mechanics)

EMl ALOI0] Z:20t= Bt  the branch of physics concerned

2590| #JE AROI= with the behavior of physical bodies

2g|3to] 3t 20 when subjected to
R )

SHY 213X -, £= |HDL
%00 A= SHIO OIXI=E Yol YA A7

(the study of how fluids move and the forces on them)

Final goal : RHIXI0 £20l= &-2F 0HA
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3) Fluid Mechanics? (fFHI<1SI0I&?)

v Why should we learn Fluid Dynamics? Cool il b L
0N 2(Work)2l HOl: t > mmj @
2 (Work) = 8l(Force) x 19| 82t 1S Hel (m)
= N-m=Joule d

WM L(Work)Ql E&(Power, 28) MO|:
0|E(POWer) = %(Work: sl x Hael) 1 A2 ()

= Joule/s = Watt 4

=Fsit=FV g
WA NI XI(Energy): 22 8 4 U= AN K .
HHOILIXI, SSULIT, AL, 201, 832 S

Potontial energy

2022-03-03

3) Fluid Mechanics? (S HIZS0[E)

Final goal : RHIIXI0 £ 20l= &-2F A

A 2 xa
Fg |_o—|y

Fo(2EGER), For( HER(

HHEEH(©), JIEt SS

(Vector analysis)

B> > F=ma
F, +F, =ma

FB + FSN + FST = m(ac +a‘t)

2 QMO SES XIHoLs SSWEAL NUXILEA QF
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3) Fluid Mechanics? (FHIS1SI0I&?)

Kinetic energy Kinetic energy|

Fluid Engineering Lab., Chonbuk National University

v Fluid Mechanics
the branch of physics that studies fluids (liquids, gases, and plasmas) and

the forces on them. SHIQ| HH Se2lX &Nt HSS ASHOZ GiA{0l= &IE

* Fluid statics: the study of fluids at rest

(Ch2)  SHRA L0l AHSS S0 HXIAH S L] 20| B 0HA
SagE (Qa) 11, HE2H: i«

ex) MAZO| 92, 93, NN WY S .
* Fluid kinematics: the study of fluids in motion
(Ch.4) RS |M A2 0I5, AW/, WY, 5T, JIBE
SHAXI0 ZE20t= &2 HAOH] &S
« Fluid dynamics: the study of the effect of forces on fluid motion
(Ch.3,Ch,5~) 28 |Hl Xt ALOI0 &20] 222 O, |HIN ZE0= 21
2SA0I12 2HZFH |H 282 A

FHHSE WA

oin
o
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3) Fluid Mechanics? (FHIE S0 &)

v Basic assumptions or governing equations for fluid flow
« Continuity equation(H 9 AAl)  Conservation of mass(X ZHZEHA])
: the rate at which mass enters a system is equal to the rate at which mass
leaves the system (Ch.6)
+ Conservation of momentum(2S &% Z®A): Linear and angular momentum
: Momentum is conserved in any collision if the effect of any external forces
present is negligible relative to the effect of the collision (Ch.5)
« Bernoulli equation (HI 25 0| & Al) — Conservation of energy(0ll L4 X1 2 Z# X!
: for an inviscid flow, an increase in the speed of the fluid occurs simultaneously

with a decrease in pressure or a decrease in the fluid's potential energy (Ch.3)

v Auxiliary equations for fluid flow (2 XA Al
« Equation of state(AtEH2AAl: pv=RT or p=pRT

« Boundary Conditions(ZHIZ21): no-slip condition, continuum hypothesis, etc....
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1.2 Dimensions, Homogeneity, and Units

(K, X1 SAHY X 291)
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3) Fluid Mechanics? (FHIZ S0 &)

v Approaches to solve the fluid mechanical problems
SHI%S SHNZS AL B2 WY

Infinitesimal or Differential analysis (Ch.6)

Control Volume or Integral analysis(Ch.5)

Experimental study or Dimensional analysis(Ch.3)

CFD (Computational Fluid Dynamics, Appendix A)

Fluid Engineering Lab., Chonbuk National University @

1) Dimension and Units (Xigdil &)

v Physical phenomena(S2|X ®Ah
ZZKspace) HOll ZIHO= E & (matter)0] AlZKtime)0ll L2} B (displacement)0h=
& A (phenomena)

v Dimension(XF) : el 84K physical phenomena) & LIS T I 22

JIEXH : S| SSIHIEHIEESSIAIA 7IH0] SAZ0I S JI2XYS 4
- EHO| ST FHOI= K1Y : EZ(mass, M) w
- H1910] SRS FHOK= K1Y : Z0l(ength, L) A " Q
- AIZH0] SRS FHOK= K1Y : AlZHtime, T) B S| &
- S50 SXS FHOIE X1 : 2 (temp, 0) B

=
o
2
n
(T

MO, A), BE (2Hdadl cd), SEE (B, mol)
S J|12KH0 TeeZ R E A

(8l(force), HE (density), 2= (pressure), B HIx= S9| XIH)

| g

10
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1) Dimension and Units (XIgdal &)

2) Unit system (S¥1HI)

v Units(E9]) : XF¥(dimension)@] 3JI& BZEOZ HYUOL)| ¢t =T
< JI2YY JIE2XAC 2. UE HAZRH RTEHX &= S8 B9 (77H)

Quantity Units Symbol
length (Z0I) meter m
mass (B &) kilogram kg
time (AIZh seconds s
temperature () Kelvin K
amount (A ) mole m
electronic current (M &) ampere A
luminous intensity (BT) candela cd

c REEY REXIAY Bl V|2 HRZRH REHE B (R B2)

v Unit System (S JH) : S unit)E LEHHE= HIHl(system)
Sl Unit SystemE J|ECE 2} LI2tOC 1112 SHAHIII E8EI0 AL

- FEQHESYH : Sl unit system, B8} (Engineering unit), BG(British gravity unit)
- X SQIH : EE(English engineering), @R &}, USCS(US customary system) S
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v EIHI9] 8 (Classification of Unit System)

B8 S S S =g ol
HHSAH xare 1= h c1zx
= oo
- (MLT System) aggoe= Sl Unit System, S HIHEAH
el
3@ Forg sa@ge | EXD9 BG Uscs
(FLT System) o= = EE (0Pl FMLTE. 2, 8 95 J|2a9)
m, kg, sZ H¥® | SIUnit System
MKS S
m, kg, ST B | 3SEYA
cm, g, s2 B | CGS Sl
1o B cGs B9
21 xlap
@03 om,g,s2 B | cas BerEgil .
F“:\. ET!
ft, by, sSZ HH | SIEUHE A
FPS EI| UIC)
ft, Ib, s= HH BG, EE, USCS

B H = g=9.8m/sC BE T
X CGS HYHE= P M2 22 HAIOH=H R8(
% foot — pound — second (fps) 2l (BG, EE, USCS = ME 28)

JHESEE UHOIDZ UM IR /8
WEs MEMS, U JIE §)

kg, = weight
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2) Unit system (SH13I)

v FE NS E SIS, 3%, 8G6)Y JI2 R REEY

J |22 (Primary Units) 8 =T (Secondary Units)
= si | 3¢ | BG = sl 3ot BG Fots|
BUB |y | o9 (@en| | BB | BN @ipe) by | @ | ma
E .| o1e | oio x1 . slug Kgis?m
kg' | 81 | g2 2E | m=Fa kg' kg; + s%/m
(Mass) 9 o (b, - s°f) | =9.8kg"
1] Newton
= S | ko Iby gl(N) F=ma ki Ib, kg=9.8N
(Force) - (N=kg' + m/s?) Or i 9
20| Pascal=N/m* kgdem? kgdem?
@ongty | ™ | ™| T A | opa o byt N
(Pa=kg'/m - s%) a12h =0.1MPa
A2t oluxI, Joule=N + m Kgi* m
. s s s of W=FL kg + m Iby « ft
(Time) g kg omis) | ' =0.8)
25 Watt=J/s 1PS
(temp) K K R 9 L=wit . kgr + m/s Iby - ft/s
(W=kg' - m?/s?) =0.735kW

* HEHO, A), BE @2, co), BZHE, mo) S2 SIS HBY0| HODE Mat
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SHISSH0IM ALl = 82132 =2 U X XA
oz 12 & (Primary Units) S & (Secondary or Dependent Units)
2o | 22 |N|es| ®A8 |dun|sewee| we (Wsw| em | @3ea+ | sdEN+| 5w
Unit system (mass)_|time)|tomp)| (F=me) | W=F-) | (L-Wid_| to=m) |60 0=FM) | () W |z
N
IR ka* Joule=N-m | Watt=l/s | PV | Pa-s=N-shr?
oy | " | omew | 5P (e | b | e | OO g | T T
Kaps¥/m ko ] i . i
zagan | o | O ko | K em | s (et | ot | loent | oo | mh | i
N dyne erg Polse Stokes
CESRAN | om | impgy | 5| KO | REER) | oy | o0 | oler® | dmfon?) dymokn® | e | ene | YT
(g*-cm/s?)
o slug b, -
L gag:aamu o | BEEM |5 | A0 | OizEm | bt | bews | swome | b | bae | RO e | b
(8a) (brs2/t) (slug- s
Y lby
SISAEAN ft P12 5 R(F) (Jll‘béﬂ) Iy ft. Iby-ft/s. Ib/ftS Iby/fte I:::’;; bysfit? ftefs Iby/it
€8 (Pound ress)
N Pl
S22 UHEA ft n B R(F) (RECH) Pdl-it Pdk-ft/s Iby/ft Pdifits Pdifit? Pd-s/it? ftels Pdlit
(1=ers1)
(Poundal)
USCSERM | ft | sigorlby | s | AR | b L I T I I S O S B
MLT system
L M T L] MLT2 MLT2 MTS M ML2T2 MLIT2 ML L MT2
(S1, FUER)
A | Fllsstom || pan | r | 3 R fr | Ao | s | R fure | R
(BetErel)
21 EX & (Primary Dimension) £ S 28 (Secondary or Dependent Dimension)
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3)Units: Length(&0I)

v Length (Z20I) : 2X19] 8 Z0IM CIE ENXIC] 24 Hel
* Slunit : meterg 7|2 HAZ AL
HEZ0!: im= 20| ZIZ0IM 1/299792458% SO XM ot H2|E LOHH 1X=
Mi&-133 AXHIA WEE SHoH IO W0l 9,192,631,7708 ZSok=0l Zal=
A2t et
« Yard-pound units : 2= S 3 OI=70M AI5= 201 &9
— g s
11|fnch:2.§4cm ) ] o kﬁv
oot =12inches =30.48cm ! \
lyard[=3feet  =36inches
1milej=5280 feet =1760yard

3)Units: Mass (B8)

v Mass (@8): ®a0l X1 A= 1[etY
= A0 AN A (FE2 M
| WZ(90%)1l 02| &(10%) AS 2= 0|F 01X

1kg AIN(5i )& AL
+SlUnit :mass= kg JI2H])
+ 88} Unit : mass = W/g = kgys?/m (F = E9]) = 9.80665 kg”
+BG Unit : mass = W/g = Ibysft = slug (REHS) = 32.174lb,, = 14.5939 kg"
«EE Unit :mass = lb, (JIE2H9, pound mass) = 0.03108 slug

= 0.03108 x 14.5939 kg* = 0.45359 kg" ésmﬁ

X SR, uscsQ B EEQL SATH b, S IS ALS

fislug =32.174Ib,

=14.5939%g"
€ 1lb, = 0.45359%g"

2022-03-03

3)Units: Length(Z0I)

v Length conversion example: gravitational acceleration (g)
Q: Sl unit9] S& 1T (m/s?)E foot-pound unit(f/'s2)Z EHAOIAIR

Note : X172 S0l 20104 X120 SHIO JHHXI= IS, LURORZ 9.8m/s?E Oh= 201
B XI2H o= 1L B )0l mhet SatXict
SHIEZEK|: g=9.80665 m/s?

A 11t=0.3048m — 1m=(1/0.3048 )t

g =9.80665m/s?
=9.80665x (1/0.3048ft) /s> g

=32.174ft/s?
Starting amount  Equal amounts End Amount
24inches | 1 foot = feet 1ft=0.3048m
12 inches
g =9.80665m /s’
24 ineties | 1 foot |= 2 fest =32.174ft/s?
12 inchies =

Fluid Engineering Lab., Chonbuk National University El

3)Units: Mass (B8)

v 3% % BG HIME A S0 S EHE AR
— 38 2 BGHYANME FF(mass)0ll L2 J129Tt gloz
— F=malll M m=F/aZ4HIAI& OI2010] REEISIE BHSO0) AISDHL

- 3% B9 +BGHY
F =ma F =ma
kg, = mass-(m/sz) Ib, = mass~(ft/sz)
mass = kg, /(m/s?) mass = Ib, /(ft/s?)

=kg, xs* I MQET TS =1Ib, xs?/ ft=1slug(QE 49l
— (ikg" x9.80665m/s?)xs?/m = (llb, x32.174ft/s?)xs?/ fi3§ Emeen
=9.80665kg" =32.174Ib,, )

=14.593%g
. [1slug =32.1741b,
1Ib, = 0.45359%g X
e 1Ib,, =0.4535%g

Fluid Engineering Lab., Chonbuk National University @
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3)Units: Weight(S& ), Force(8)

2022-03-03

v Force (&) : @Rl(mass, B30l 1% (a or g)I1 220101 W= 8

Weight Force mass Acceleration
of gravity =a
_ _ zzn e
W = F = m Xx @ 20l SAIRL0N
2} Hg}

+SlUnit :F=ma=1kg'xlm/s2=1kg"m/s2=1 Newton (R E %) =105 dyne
XINE 1kg'@ EMIE 1m/s22E JESAIE I 2¥ot= 8
* 38} Unit : F = kg (P12 E9) = kgy-sZm x 1m/s2 = 9.80665kg"x 1m/s?

= 1kg" x 9.80665 m/s? = 9.80665 kg*-m/s? Fg“.‘:a'én
=9.80665 N

X1kgs= 1kg'@] EHIE 9.8m/s22E JIZAIPIE E

1kg, =9.80665N
X B 1kg,2 SN2 22 1kg'OILL 1lb, =4.4482N

3)Units: Weight(E& ), Force(8)

Fluid Engineering Lab., Chonbuk National University @

3)Units: Weight(S& ), Force(&)

SHIHM : F=pdl (REHS)
=1Ib,, x ft/s?
=0.03108 slug x ft/s2 = 0.03108 b, (BG)

=0.03108 x 14.5939 kg" x 0.3048 m/s?
1pdl =1lb, x1ft/s?

=0.138255N
1slug =1b, x1s®/ ft
= (Ub,, x32.174ft/s%)x1s? / ft
=32.174lb,,
X 1slugQl 22 BEST OHiM 32.2b,2 £HIS =0 (BG)
X112l Y2 B 1sluglt 1 fus?Q] BESHIISZTE BE I ¥II= 8Be)
X11b0 ZH2 B 11b,0l BESHIISET 32.174Us?E IS WS [ MI|= B(EE)
% 1 Ib,(Pound mass)2| ZE2 HEZS OlHAM 32.174 pdi?] PHIE H=CH(SIH)
S 2 [ W= S(Y=2H)

X 1Pdol 52 &g 1b,0l BESH) I"E 1fUs2&2 It
X USCSO| ZR BGY SUBHLE )

Fluid Engineering Lab., Chonbuk National University @

+BG Unit : F = Ib,(J|12Z9)

= Iby-s?/ft x ft/s? =1 slug x ft/s? =32.174lb,x ft/s?

=14.5939 kg x 0.3048 m/s?
+SluUnit  :mass=kg'(1&)

=4.4482N « 38t Unit : mass = W/g = kgf-sm(RE)

“EE Unit : F = Ib, (J]E2 ) «BG Unit : mass=WI/g = Ibf-s?/ft = slug(] |
! «EEUnit :mass=lb, (712, pound mass)

=11b,, x 32.174 ft/s? < QRH :mass=lb,

=32.174 b, fi/s? tUSCS  imass=lby b

=32.174 pdl (poundal Y2 A H) FORBET

~ =
=0.03108 slug x 32.174 ft/s? a''e,

=1lb, (BGRA &2 U2 JIA)

=9.80665m /s’
=0.03108x14.5939kg"x32.174x0.3048 m/s? g

=32.174ft/s?

=4.4482N

Fluid Engineering Lab., Chonbuk National University @

3)Units: Weight(E& ), Force(&)

a=1m/s’

m=1kg" F =1kg" xIm/s® =1kg'm/s® =IN

m=32.174lb, | a=1ft/s* F=32.174lb, x1ft/s’

—

=1slug =1slug x1ft/s* =1lb;

_ 2
metib, |2=HYVSE b 1ft/s? =1pdl

m=1kg" m=1b,
[ I
g=9.807Tm/s*  g=32174ft/s?

W =9.807kg"-m/s?> W =32.174lb,, - ft/s?
=9.807N =1lb,
=1kg,

Fluid Engineering Lab., Chonbuk National University @
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3)Units: Work, Energy, Heat(&, 0lI4X], &)
v 2 LT, FE: B x WY (L)

StunithlME 25 JouleE AHS. WetM SO LEE, 20| EFZ IHE0I 31Tk

* Sl Unit :Joule = N-m = kg"m/s?2x m = kg*-m?/s?
+ B3} Unit : kge-m = 9.80665 N-m (J) = 9.80665 kg"-m2/s2
+ CGS Unit: & =cal, & =erg=1dyne-cm (MZ 22]AI®)
X 1 Joule =1 N-m =105 dyne x 102 cm = 107 dyne-cm = 107 erg
=1kg"m/s2x m = 1/9.80665 kg;:m = 0.102 kgym

=0.102 (kgy-m) x 1/427 Kcal / (kgy-m) = 2.39x104 Kcal
Heat and Work
X POl UG A=1/427 (Kcal / kgpm) .
(=]
o

Energy transfer in  Energy transter in
the form of heat the form of work

& A=427 (kgym / Keal)

| N |
& ©

Fluid Engineering Lab., Chonbuk National University

Summary (Meter - Foot pound system)
v Basic Units: 1 ft=0.3048m, 1lb, =0.4535%g"

g =9.80665m/s? = 9.80665x ! ft/s? =32.174t/s*
0.3048
v Mass: 1kg, -s*/m=1kg" x9.8m/s?-s*/m=9.8kg" (B9l
1lb, -s*/ ft=1slug =1lb, x32.174ft/s*-s*/ ft=32.174lb,
=32.174x0.4536kg" =14.5939kg" (Bg-sI)
b, =0.45359%g" (FPS—SI)
v Force: 1kg, =1kg" x9.8m/s? =9.8kg'm/s* =9.8N (B3l

1lb, =1Ib, x32.174ft/s? =0.45359kg" x32.174x0.3048m/ s>
=4.448kg'm/s® = 4.448N asts)

1Pdl =1lb, x1ft/s* =0.45359kg" x0.3048m/ s’
=0.1383kg'm/s® =0.1383N (FPS—MS

Fluid Engineering Lab., Chonbuk National University @
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3)Units: Power(S5)

v S8 (Power) : 8(F) x BI91 (L) / A2k (s) = ©(F) x SE(V)

* Sl Unit : Watt = J/s = N-m/s = (kg"-m/s2 x m)/s = kg"-m?/s3
« 38t unit :  kgym/s=9.80665N-m/s = 9.80665 J/s = 9.80665 W
* BG Unit : Iby-ft/s = 4.448 N x 0.3048 m/s = 1.355 W

« 20FE(PS) : 75 kgym/s = 75 x 9.80665 N-m/s
=735 W (Rellizt BE S8HE9)
« QO (HP) : 550 Iby-ft/s = 550 x 4.448 N x 0.3048 m/s

1Ps =735W=0.735 kw
1 HP =746 W = 0.746 kw
1 kw =1/0.735 Ps = 1.36 Ps
1kw=1/0.46 Ps =1.34 HP

=746 N-m/s = 0.746 kw
1 HORSEPOWER

Don’t
& FORGET!
~ =
L0 =
33,000 foot-pounds
j per minute
|

Fluid Engineering Lab., Chonbuk National University

4) Dimensional Analysis (XFHOHA)

v X (Dimension) OHA!
- 010] S0l 0{H J12 S TS0 2A0H LOIXISIHE LEHHD| {18t =
+ EZ(mass), Z0l(length), AIZktime)2] XIS 2t2t
(M1, L], [T] (MLT system: SI E9{3I)
« Bl(force), Z0l(length), AlZktime)O] Xt S 2t}
[F1, [L], [T] (FLT system: 23t SH2{H])
A0 ECIZE 0I1S 7129 2YUHYACE HAIOI= A
- 239 3018 UEHHE S91= 0L, S2o Sd 0 (HH2 28,
Ol 1) MLT Al : ®(kg"m/s2, g"-cm/s?)2 0] HZ HA|, AIAS MLT2E S

0l 2) FLT Al : (kg Ib, N, dyne )2 M HAZ HAl XIR2FE S

T Sa

Fluid Engineering Lab., Chonbuk National University @
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4)Dimensional Analysis (XIR0HA])

2022-03-03

v KFEQ EAl 8 MLT(EITE) X FLT(SSTEHH)NE BA

JI2 Xk (Primary Dimension) SEXH (Secondary Dimension)
=] g Xigd
g2 51 AT | HA
BB 151 [y [ At =ce MLT FLT
28 kg M | glg HE m=Fla m M kgrs?m | FLT?
(Mass) 9 ]mS 25 =! g
81
(Fo?ce) kgr | 1S F BI(N) F=ma | kg"m/s? | MLT? kg F
20l or - 2 ap2 2 2
wengtny | ™ L L o p=F/IA | kg'/ms® | ML'T? | kgdcm FL
7t N
(#"“-e) s | T | T Ol Iéll, W=FL | kg'm¥s? | ML2T? | kgrm FL
25 =a _ 23 273 1
(temp) K ] <] s L=W/t kg -m“/s MLT kgi-m/s FLT

HEF(AHON, A), BERLaL, co), BRY(E, mo) S QN HVY0| Yoo Wy
#IIEH S0 IS 2 Table 11 X

5)Dimensional Homogeneity (KIS X

Fluid Engineering Lab., Chonbuk National University @

5)Dimensional Homogeneity (XFRSXFA)

(2) &2 XH0| EcIZ I HOHXIHU & = A1 HInE = AL
(The dimensions of all additive terms must be the same.)
0fl) Bernoulli eq. (for steady, incompressible flow along a single stream line)

—g+p+z+h_ O @ O:

CLEIA) L ANmgeansTE s
29 (Frvy) °
2 * 2 2
(m/s) +(kg m/s /m)+m+m=E %00

(m/s?)  (kg'm/s®/m?)
m[L]+m[L]+m[L]+m[L]=E
AH10] 2222 Wi It ks
0ll) 10m/s0il 5sE B = AT O = AT KIA0| H2ER)

(3) AHASAI2| A2lE 01201H HLZ ol Ef38E 2 + AT

Fluid Engineering Lab., Chonbuk National University @

v Dimensional Homogeneity (XIS XI0] ¥a|)

- X A4S UEHHE WA A=B(C+D)UIM “=")129| RIS ST XIA0I
1010k BHCE. (Any equation that completely describes a physical phenomenon
must be dimensionally homogeneous.)

(1) SH™ A0 Xt K101 ZH0L0F Bt (The dimensions of the right-hand side must
be the same as the dimensions of the left-hand side.)

Equations MLT FLT
1kg (&) #1kg (B) MLT2 # M F # FL1T2
1W (S-)#1J (MIUXI) ML2T= # ML2T= FLT- # FL
1N (&) = 105dyne (&) MLT2 = MLT F=F

1kg, =1kg" x9.8m/s? = 9.8 kg'(m/s?) [MLT ?]=9.8N(MLT system)
.

quantity unit Dimension

1kg" =F/a=1kg, /(9.8m/s?) =(1/9.8) kg, /(m/sz)[FL’sz](FLT system
&e) e

quantity unit Dimension

Fluid Engineering Lab., Chonbuk National University @

5)Dimensional Homogeneity (XFRSXFA)

v Dimensional Homogeneity (XFHSXIO| 2] )-H S AW
« d or @ of a derivative and | and d of an integral do not have dimensions.
dV N _mrs) _[uT] L
I =]
(FIA)_ (ML 2] [MLT?] [ M
H B
jpdA [plfAl=[m /LT [12]= ['\T"L}
1

2
v KBS, 545 (RAS etV Pisin =E
« XId¥Z=(Dimensional variables): r
£ F= XTHEE WSZ M AH ¥3toks 2 (0ll: Bernoulli's equationMlM p, p, V, Z)
KHAtS=(Dimensional constants):
B0 Wt HIoIXI S, F0iX ZHINME 23 (0l: TS slide & X)
AAAPA

=T S35 (Pure number):
S A%, HiE= S(0ll: Bernoulii's equation0fl A 1/2)

Fluid Engineering Lab., Chonbuk National University @

10



5)Dimensional Homogeneity (XIS XK

7 HPE SX WA, Yt SXWEA
 HIBHA S XA Al (restricted homogeneous equation):

E% SAHIMM I SKthomogeneity)Jt 88 E= SHEHANZ NI = BE4

HiEX S X9 Al (general homogeneous equation):
AH Lt FHOH SXt(homogeneity) It SE &= B4

o ne

0ll) Xtz ot X2 015 Ha(d)

d= %gﬁ =49n%(g=9smwsz4>%g=49mws24>%g:4ﬂb
_ 297721 _ 2 Ry
[L]_[LT ][T ]_[’)][T ] (Dimensional constants)
[L1=[L] =[LTZIT°] - 4.91LT™]
—_— Y—
GHE RHE

i £910] == EXI0b] flol JksorH

QAU S XYM Al (general homogeneous equation)@ AH20})| HIE.

Fluid Engineering Lab., Chonbuk National University @

Unit Conversion Table
Conversion Factors from BG and EE Units to ST Units*
To Convert from to Multiply by
ft/s' m/s 3MEE -1
Area it m’ 9.290E - 2
X Tbm/ft kg/m’ L602E + 1
slugs /ft kg/m 5154E + 2
Energy Bm 7 1.OSSE + 3
fi-lb 1 1.356
Force b N 1448
Length f m 348E - 1
mn. m 2540E -2
mile m
Mass Ibm kg
slug ke
Power ft-Ib/s W
bp W
Pressure in. Hg (80 °F)
Th/fe (psf)
Ib/in (psi)
Specific weight Ib/ft
Temperature T “C /
‘R K 5556E -1
ft/s m/s 3048E - 1
mi/hr (mph) 4470E - 1
Viscosity (dynamic) Ib - s/ft 1788 E + 1
( ) ft'/s 9290FE - 2
Volume flowrate f'fs X 2
gal /min (gpm) m'/fs E-s

Fluid Engineering Lab., Chonbuk National University i§|

Unit Conversion Table

2022-03-03

Conversion Factors from 51 [nits to BG and EE Units*

Acceleration
Area
Density
Energy
Force
Length
Mass

Power
Pressure

Specific weight
Temperature

Velocity

Viscosity (dynamic)
Viscosity (Kinematic)
Volume flowrate

To Convert from

to
ft/s?

ft
ITbm/it®
slugs /ft’
B

ft/s

mi/hr (mph)
1b s /it
fi/s

fi'/s

gal fmin (gpm)

Multiply by

LO76E + 1
G6243E - 2

LS40E
947

2089E

1
2961E - 4
>
1

Fluid Engineering Lab., Chonbuk National University @

1.3 Analysis of Fluid Behavior

(FH HS 0HA)

Fluid Engineering Lab., Chonbuk National University @
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1.3 Analysis of Fluid Behavior

v SHAHS A MUHOZ WRTHA: fHIQ SaX |4
- SHI°l SA& UEHHE S2l & (Physical properties of Fluid)
2 & (density), HIMIZ (specific volume), HIE & (specific weight), HIZ (specific gravity)
B & (viscosity), ST (vapor pressure), 2= (compressibility): HIM A5, L=E
- 84 HSE XIWol= =2 8l (governing forces)
PS8 (driving force): 28] (pressure)(EH MA S XtR0H= &: 5|8, F,,)
T4 28 (OHAS): TS (shear force)(F 88, Fg)— TR0 HI#l|(Newton's AHE)

< NS A iy f

Fluid Mechanics

Fluid Statics Fluid Kinematics A ByiEiles
N s R (Effect of forces
(Fluid at rest) (Fluid in Motion) on Fluid Motion)
S F=F+Fy =0 a:%\t’:%‘tﬁ V)V Y F=F,+Fy+Fy =ma

Fluid Engineering Lab., Chonbuk National University ﬁ]

1) @8 (mass, M)

vSHIel & (quaniity) LIEIHE 201
SO0 RS EUZTOZ A 2E)F LHOIH AlZHt AXI0 S
« Y= WAL (Jaw of conservation of mass): dﬂz dﬂ:
dt ds
+SlUnit :mass= kg JI2H)
« 38} Unit : mass = W/g = kgy-sZm (= H9]) = 9.80665 kg
«BG Unit : mass = W/g = Ibes?/ft = slug (REH]) = 32.174 b, = 14.5939 kg"

+EE Unit :mass = Ib, (JI2E, pound mass) = 0.03108 slug

X GRAMM, uscsel AL EEQYA SUTHL, S JIEHRAZ A8
X Note : FHIC| E4X 3
(2T, 28, 25, M5)E 1A S X2 ot,
(MM e, B2 S 2Xt S 4K St

=0.03108 x 14.5939 kg’ = 0.45359 kg’ éi;ggggn

1slug =32.174lb,
=14.5939%g"

Fluid Engineering Lab., Chonbuk National University @
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1.4 Measures of Fluid Mass and Weight
(wHIC 231 FHO HF)

Fluid Engineering Lab., Chonbuk National University @

2) 25 (density, p/rho/E)

vEE: ENC FEUID 0L ZLOHH S0 A=TIE UEH

HONIZE ZZOE HAl (RT=-Z2E/MH)

rir

g3

__Mass M kg/m3i, [MLF (SIUnits),
Volume V.  [kg,-s2/m?], [FL=T2] (8} Unit)

® (XX X
*SlUnit :p=kg/m? ® oo 0@
® oo o @
« &8} Unit : p = (kg;- s2/m)/m3 = kg,- s2/m*
Low High
*BG Unit : p =slug/ft® = 14.5939 kg"/ (0.3048)3m3 pon't
FORGET!
=515.38 kg/m3 % AIA
<EE Unit :p = lb,/ft® = 0.45359 kg / (0.3048)3m3
=16.02 kg'/m3 1slug =32.174lb,,

=14.5939%g"

Fluid Engineering Lab., Chonbuk National University @
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2) S5 (density, p)

v'Density of Fluids: SHI2] RIT= 2T 9 AH 9| &ta=(Pressure and Temp.)
The density of a fluid changes with temperature and pressure. The density of water
versustemperature and pressure is indicated in the chart below:
1000, - - ~

o 20 10 [ A0 [

Density of Air at 1 atm as a Function of Temperature

¥ Density(p) = p (T(RE), P(A)) e
p=pRT
p=p(T, p) !
Lot 2=s xi M
M2l =S XIbH A m e e e o

Temparms

Fluid Engineering Lab., Chonbuk National University El

2) 25 (density): Density(p,) of Air

v fgjlgl DIE (pair)
HBE3JI= 2% 20°C, EIHLH 760 mmHg(1 bar), dUHEE 75 % S3JIE 2t

MetM 01 JIHICl SEHEEA] (Boyle-Charles' Law)
pv=RT or p=pRT
p = 760mmHg =1.033kg, /cm? =1.033x10%kg, / m*

R=29.27kg, -m/kg"-K
T =273+20=293K

p _ 1.033x10°

1.2045kg" / m®
RT ~ 29.27x293 —q_

Pair = 5+

Fluid Engineering Lab., Chonbuk National University ﬁ
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2) ©&(density): Density(p, ) of Water

v BEMHIIY (760 mmHg), 4°C (39.2°F)0IM 89 2% (p,)

P, =1000kg"/m*® =1000x (kg;s*/m)/m*® =102kg,s*/m*

9.80665

=1000x ft® =1.94slug / ft*

1
slug / 3
14.5939 0.3048

j ft* =62.4lb,, / ft°

=1000x————1h, ( 3
0. 4536 0.3048

XNote

HZEJIY (standard atmosphere pressure, 1 atm) :

IO HEUCE 25 0°C SHIIA T g=9.80665 m/s29! 0™ (sea level)HIAM
F2F =01 760 mmE LIEHHE LEO T, 1 atm(J12H2E HO| SHL}.

£, latm =760mmHg = 1.03322kg/cm?2 = 1.01325bar

T pae = 13.5951 X 1000 (kg'/m?3))

—

Fluid Engineering Lab., Chonbuk National University El

3) HIMIA (Specific Volume, v)

v HIMIE (specific volume, small v of alphabet)
CREO| A F HET0| R0l A HIME=-MZ/ZES)

_ Volume _ v [m3/kg’], [M2L3] (S Units)
Mass M [m#/kg;s?], [FLL4T-2] (B8} Unit)

*SlUnit :v=mdkg"
» 38} Unit : v = m3/(kg;- s2/m)= m#/kg, - s?
XNote : 2 (density) 4 HIHIH (specific volume)
- YT (Density)= HHIQ B F2Z AL,
- HIHI A (Specific Volume)2 J1HIQl B =2 AI2ELL
v BEUIIY (760 mmHg)WIA 20°COIAM St 3719 2= X HIMIA
£, =998.2kg"/m*, v, =0.001m*/kg" (at 20°C)
0, =1204kg" /m*’, v, =0.8m°/kg”  (at 20°C)

Fluid Engineering Lab., Chonbuk National University ﬁ
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4) HIEZS(specific weight, y/gamma/Z 01

2022-03-03

vHIEE : HAMAE FHE UEHE S8 HISE = FAMH)

_ Weight w [N/m3], [ML2T-2] (SI Units),
Volume V [kg¢/m3], [FL3] (3% Unit)

e Slunit :y=N/m3=kg'(m/s2)/m3 = kg*/s2m?

« 38t unit : y = kg/m?3

v AE  duptol0joIM S BHIOIEZ SHI XHAIS] S M XK1= OHLXI2,
FHIQ 2 2HIM M2 422 oIt XIF AtSE

C Weight W Mg M @;2‘
“Volume v v v 97F8

HIEE0) = E5() x EHIEE()

4) HIEZS(specific weight, y)

Fluid Engineering Lab., Chonbuk National University @

5) HIZ(Specific Gravity, S)

vHIZE (Specific gravity, S) :
HEMIIY (760 mmHg)MIAM 4°cQl EX L R B FH2IIE UEHHE=E Sl

-V _PI_P

9l [1]: A £
Yw Pu9  Pu

S= M2 HISE/4°C EA HISE EE= ‘( E b

S=EMIo 2T /4°Cc EQ 2T

o

038

- : : EX: Sercury= 135951 at 0°C

1,

_ Don’t
Pmercury = ? C FE“GE”
Ymercury = ? 0

p,, =1000kg"/m*® =102kg,s* /m*
7, =9800N /m® =1000kg, /m®

vBEIIY(760mmHg), 4°C(39.2°F)0IM 20| HIS Z(y,,)
Yw=Pu*x9
=1000kg" / m* x9.8m/ s? =9800kg"(m/s?)/m* =9800N / m®
=102kg, s>/ m* =x9.8m/s? =1000kg, / m*

XNote : SI Unit 2 28t unitlilM 29| 2= L HISZ(,) @??1
(BEEWIIY (760 mmHg), 2% 4°C OIA)
Physical Properties S| Unit 38t Unit
2T (Density) 1000 kg*/m3 102 kg,* s¥/m*
HIS 2 (Specific Weight) 9800 N/m? 1000 kg,/m?3

HISS()=EE(ExEHIIEE()

Fluid Engineering Lab., Chonbuk National University @

z - - -
5) HI=(Specific Gravity, S)
v2tE W19 HIZ(Specific gravity, S)
LU 2&(C) Hl =
sue 15 Yy DENSITY TOWER .
= 7
aL 15 0.70-1.00 (R A JAN
LAMP OIL Ll T
Ethyl Alchol 20 ONCONE. .. o
Benzene 15 0.884 EECRAARERIONL Z5eans
WATER
SEMQ 15 0.86-0.94 - m,me
Olive® 15 0.91 L |
AmMe 15 0.91-0.97 '"“:::'::‘,':::-, B orconn kenner
MO 15 0.97 Honsy sour g
Glycerin 15 1.264 e 5l TH
2 20 13.55 Pug =(13.55)(1000kg" / m*) =13.6x10°kg™ / m®
ArgopErL 20 1.590
OH (35 7K) 15 1.025

Fluid Engineering Lab., Chonbuk National University @
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Summary

vDensity (p) : B¢
Mass _ M  [kg/mq, [ML3] (Sl Units),

" Volume V.  [kg,-s2md, [FL4T?] (%8t Unit

v'Specific volume (small v of alphabet) : HIHI =

Ve Volume _ Vo [mkgl, ML (SI Units),
Mass M [m4Kkg,-s?, [F1L4T2] (B8 Unit)

v'Specific weight (y) : HIS &

_ Weight _ W [N/m3], [ML2T2] (SI Units),

" Volume V. kg/md, [FL?] (@3t Unity

v'Specific gravity (S) : HIS
st _ Py _ P

“— E9In BAR S
Yw_ Pu9 Py A I

2022-03-03

Examples

Ex 2) 01 Sl 4¢ 21 £HIJt 40N OICH
0l M2 Ex(p), HISE (), HIF(S)2?

Fluid Engineering Lab., Chonbuk National University @

Examples

@3x
YT (p) =/ g = (10,000 N/m3)/ 9.8 m/s2 = 1,020 kg'/m3
(FI0IM SIS & 2R E= U1, SI, MKS 29 Z S2010] HIAoHH €0

QO HIS2 L E=HISE 0= 2 oL 23] A2 JESOiT

S = (1,020 kg'/m3) / (1,000 kg'/m3) = 1.02 =

e

S = (10,000 N/m?3) / (9,800 N/m3) = 1.02 2 ZllH= SLOICL

1 { beer mugs 11

B
b

Fluid Engineering Lab., Chonbuk National University @

Sol) FHIQH BIJI T M A2 MY HISSS Pok= 20| &L
O HSE
HQ= SI, MKSE S8
(SO HISE0] 99l= N/m30] & H0ICH
SHI0IM 212l ©2{Jt sI, MKS S2{J1 OILISZ 0I& 11X Of StCt.
1m3=1x106cm3=1,000{ O] HHIZLH,
1£=103cm3=103m3 0|C}.
HIZSZ (y)=W/V=40N/4{ = 40N/ (4 X 103m3)
=10,000 N/m3 = 10 kN/m3

e l0em
1L =10x10x10cm® =1000cm®
=1000(L0?m)* =10~*m?

B [ cubic meter, 2%0IE{(1m), MIHIZOIE]]
LENME LL0EE LU0l 75k 2t ok=dl

OIS LE2A 02 WUS0otH FLAHI0I0IC

012401 SHI'Z 20/ AZHE SOIM OFEIIXI ALEE.

Fluid Engineering Lab., Chonbuk National University @

Examples

Ex 4) Q9| HIZ(v) = 14m3, PH|(W) = 12,000 kg, & Y,

L= (p), HIMH), HIZE (), HIB(S)2 ?

Sol) Sl Unit & 38t unitZ A BL
1) SI Unit
D EE (

S 1) FHO SSHAZ T A2 Z S| unit@l NQZ T XICE
W = 12,000 kg, = 12,000 X 9.8 N = 117,600 N,
W =mg 0|2&
m = W/g = 117,600 N / 9.8 m/s? = 12,000 N / (m/s2) = 12,000 kg"
YT (p) =m/V=12,000Kkg"/ 14 m3=857.1 kg'/m3
Ul 2) SHHQI0| SHIE SI Unit BZOZ XM HIPE W
S HI7} 12,000 kg, 01T = 20| 12,000 kg0l EIL}. (1 kg2l HOIE &)
MM 25 (p) =m/V = 12,000 kg*/ 14 m?3 = 857.1 kg*/m?3

=
e
-

Fluid Engineering Lab., Chonbuk National University @
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Examples

2022-03-03

@ HIKIH (v)
HIHINS L] ¢ 0|22 Al A = UAS
v=1/p=1/857.1 kg/m3=0.001166 m3/kg"
@ HIEE W
H9E s, MKSE S (ST HIEZ| B91= N/me0l = 20ICH
SHI0IA £1]°] ©21J1 sI, MKS H2{JI 0tLI2Z 01 1A 0F Bt
W = 12,000 kg; = 12,000 X 9.8 N = 117,600 N
y=W/V=117,600 N / 14 m3 = 8,400 N/m3
@ HIE(ES)
HES2 L& = HISS 0= 2 ohLot 21 A2 JEsSOtLt
S =(857.1 kg'/m3)/ (1,000 kg*/m?3) = 0.857 E=
S = (8,400 N/m3)/ (9,800 N/m3) =0.857 & &= SU0OICL

Examples

Fluid Engineering Lab., Chonbuk National University @

1.5 Ideal Gas Law
(O1&J1HIC] BiA))

(Emgs) (Bl=2L)
Pressure Temperature

PV=t+1fT?T

Volume Gas constant

(ZEDHIE=)

Fluid Engineering Lab., Chonbuk National University @

2) 3%} Unit
[OF=1-¥(9))
4 1) IHEAZ A8 ZikS 0120l= LY
YT (p) = 857.1 kg'/m3= 857.1 X ((1/9.8) kg;-s2/m) / m3) = 87.46 kg,-s¥/m*
LY 2) SSHTAZM HILOIE S (-FHIL SADAZ FOH ALET)
m =W /g=12,000kg;/ 9.8 m/s?=1,224.5 kg;* s?/m
2T (p) =m/V=1,2245 (kg;"s?/m) / 14 m3= 87.46 kg, s2/m*
@ HIHA (v): HIMA2 2L=0| A== 0122 A HME = AS
v =1/p=1/87.46 kg;-s?m* = 0.01143 m*/kg;" s?
G HISE @y
y=W/V =12,000kg,/ 14 m3 = 857.14 kg/m?3
@ HIE(S)
S=p/ p, =(87.46 kg;-s2/m%) / (102 kg,-s?/m?%) = 0.857 L=
S=y/v,=(857.14 kg/m3)/ (1,000 kg/m3) =0.857 B Aill= SLOICL

Fluid Engineering Lab., Chonbuk National University @

2) Eq. of state (01 71X 2HEHEAAD

v SEHE A AL o= (p)-2 (T)-HIHIZ (v) AL01Q] HHIE T ot WA
v Ol A JIHIO] MEHEHE Al (ideal-gas equation of state) : H-AFS HAl
— — p: AYH, v HIMEWVM), p: L
[ WERT @ [p=pr7 ] T: BUHRE(K), R: IIHI&=(gas constant)
(lHiot o2 ¢s 2=
v Ol&JIHI(ideal gas): OIATIH MEHLEA (K U-AE WA)E ME0k= JIHI

v U} A= (universal gas constant, R,) : SE0f| 4| 10] LEE At
SUSH A (S, 25, HIHIZ) QL= 5 IIHI00 tHOH CHS 22101 EBHLL

& &(mass, m),
m p1V:ﬂ7M17V2,R1 S

m:
= =—=—=— M: BX}&(molecular weight, g/mol, kg/kmol, M=m/|
m, pN p, M, v R CJIAALA oI\ HXI AbA

R: JIA &%= (gas constant)(HL-ALS HAI0] HYl A4

M, =M v, =V (molar volume) (Avogadro’s law)
M;R, =M,R, =R, (universalgas constant) (28| Hl&+= ZE JIM0I HoH

Seot gt k=
Fluid Engineering Lab., Chonbuk National University
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2) Eq. of state (Ol&71X1 2HH tc':'@ﬁ)

HEMHQ atm 101,325 Pa, 0°C = 273.15K, V,,=22.4m3/kmol) M R, &
pv=RT —> pﬁ: RT —» pV =MRT (M : molar Mass)

2 3
R, :MR:ﬂ:101325N/m x22.4m> [ kmol _8314 Nm/kmol _8314 J
T 273°K K kmol- K
. 3 .
_8314KPAM _ ggpp &M
kmol-K mol - K

(latm =10332kg, / m?)

R kJ kg; -m
v A=A R, =MR —»[R=—2 or
JIMI&= HIL - [kmol K kmol- K

0f)) 271 : 2XH(M) = 28.964, R = 0.287 kJ/kg'* K = 29.27 kg, m/kg" K
8.314(kJ/kmol-K) 848(kg, -m/kmol-K)  Rieum =2.076%J/kg™-K

= "M(kg"/kmol) M (kg™ /kmol) Rugon = 020813 /kg-K
=0287k)/kg K =2027kg, -m/kg K Ry, =02968kI/kg K

Fluid Engineering Lab., Chonbuk National University @

3) &= (P)all 88 (s/sigmal/, t/tau/)

v SHIYAXIN Z20l= 8ol FF (Forces acting on a fluid particle)
-ASHO 20l0 HIMR AN HBOK= UL TN T N HEZ AEY 2 US

. Z, Xh=ED 20| ERH0) B0 9
XA M| 2XOI= 2,
HIEel 371= MEAC BRI 2t 37|

Y F=F+F

F.

s A
R, i, (R2oES sNAMEM

Two Important Forces - An
Introduction to Friction and
Gravity

Fluid Engineering Lab., Chonbuk National University @
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2) Eq. of state (017141 &E{=EAD

v OIJIMl SEHE A0 [}E B
m:mass(kg")
pv=RT (Baseform) N : number of moles
PV =mRT (V =mv) M : molar mass(g/mol or kg/kmol)
PV = NRUT (m =MN, mR = MNR = NRu R :gas constantkJ/kg - K)

_ _ R, :universalgas constantkJ/kmol- K
Pv=RT (V=Nv) -

v : mol specific volume(m® / kmol)
% N(mole) = & (m) /2XFE(M), R, =MR (universalgas constantor ideal gas constan)

N=T
M

V=vm

X Note : HZE 1712 (1atm = 760mmHg = 10,332kg,/m2, T=273°K)0 Al A+A(0,)0] EA K|

‘HIZE y=142%g, /m’
=13

2Xg M =32 (Weight of 1Kmol »>W =32kg,)
2k
A Vo 2 am
1.429kg, /m*

Fluid Engineering Lab., Chonbuk National University @

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

Ty
FORGET!
by Norm:fl
e} to surface
E F =ma T ____ Forceacting

\F on area dA

FB+FS zm(ac+at)

Tangent

FB o FSN 4L FST — m(ac + a[) to surface
F,
Normal stress: o = A
F, : Body forcei=) G
Shear stress: 7 = A

Fs :Surfaceforce@®s)
Fsy - Normaltermof surfaceforce (+212(28) « $XS&(normal stress))
: Tangeltial termof surfaceforce® &l - Mot 28(shear stress))
:convectiveacceleraton (s s)

a, :temporalacceleraton (&2t JI5E)

Fluid Engineering Lab., Chonbuk National University @
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3) A (P)ill (o, 1)

v 89 (stress) : HY|HA G ABO0L= 8 =F/A) (8FH/E)): & SES 1YH)
In continuum mechanics, stress is a measure of the internal forces acting within
a deformable body. Quantitatively, it is @ measure of the average force per unit
area of a surface within the body on which internal forces act. These internal
forces arise as a reaction to external forces applied to the body.
« $E 2% (normal stress, o): Wil +XOHH B0t S - MMM}

- HEH2 8 (shear stress, 1) : B0l HOL)| A0t S8 — MO

HEHF,)
(Fs;/A)
A8y FHH(F)
T sy
maga | TR pFon) o
o e
(r=Fs7/A) "y 3
]
v J [N v J o i/-’ﬁ"
M o=
(internal forces) (external forces) =

- |HDL SEOE A2 HlUX EX SHIE OG20= AHE 2ot ol x&0ot=
SENG gt SH2 3017t 21 SB0] Ul
+ S SHAX AOI0I=E £ XHO0IDF ETHOH MU MEHSH0| 2 (g2 HiH)

Fluid Engineering Lab., Chonbuk National University @

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

Classification of pressures % A

L RC)
« 712t (atmospheric pressure, P,,)

- BEWJI (standard atmospheric pressure)

MNoskA
- ZAMHIIY (local atmospheric pressure) Sam
« HI712 (gage pressure, Py,
+ A2 (absolute pressure, P, )= 2 HI2L+HI T
v Mot (static pressure, P,)
soor
v 2 (dynamic pressure, P,) e

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

Fluid Engineering Lab., Chonbuk National University @
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3) A (P)ill SH(o, 1)

gUoZ Jo|

v &Y (Pressure, P) : TSI HA 0| +=ZI01H| Z20l= &
g X20l= 8-Sy

o= - o/ 8 m - HemE

_ F(Force) [N/m2 = kg'/m-s?], [ML1T2] (Sl Units),
A(Area) [kgdcm?], [FL?] (88t Unit)

* Sl Unit 1 P =N/m2=kg*/m-s2= Pascal
+ 8% Unit : P =kg/cm?=9.8 N/10“m?=9.8X 10 N/m? (Pascal)
*BG Unit : P =Ib/ft2 = 4.448 N / (0.3048)?’m? = 47.88 N/m?= 47.88 Pa

+ USCS Unit: P = Ibyin? (psi) = 4.448 N / (2.54X102)2m? = 6894.4 Pa

Fluid Engineering Lab., Chonbuk National University @

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

v ZXEHC SH0 220H= 24 (WY, HJIY, 22
+ 712 (atmospheric pressure, P): XIS S2{ 4 7101l 2100 JHH K= 4
- BZEJ|2(standard atmospheric pressure): =20 A0 WA gt
- DA (local atmospheric pressure): X|%90] 11, £Al, 712 S0l W2} CTHE
« HIJILS (gage pressure): FAMIIAS IIECE ZHB AH (P,,.)

« B YE (absolute pressure): AMXBZ J|ZOZ ZHH U (P,

e 14

Fluid Engineering Lab., Chonbuk National University ﬂ]
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3) A (P)ill (o, 1)

rir
1(<]

b

i

v 712 (atmospheric pressure, atm): XI71& S&& WIS I1)0H 2100 JHHXI

1 m? column of Less
air (mass = 10% kg) dense

Lower
pressure
 Higher
pressure

Gravitational

1 atm pressure

\\ 7(—:“’?}: at surface
<122 XIS 22 H 30kn OILHON THI 100 2J0H 2OHD =0l Wt Hatet
AT 1712 @tm)0l2 1m O] BH ()| 10E (10%kg,) BTl SZ0I JHHXl= S-S el 20t

Note: composition of air

HIE % (B %) : A 78.09(75.54), M4 20.93(23.14), 0F2 2 0.93(1.27)

Ol A0l 4SOl =F7IQ% 01 2H2FEFA(0.03 HIX % B T), UI2(18ppm), WE(5ppm), 2T E(1ppm),
T Ml=(0.09ppm)S E . LLDFEA, 01 M3V, HAMIIE, XS BRl+L, B2 S T80 ACH

Fluid Engineering Lab., Chonbuk National University

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

v BEMII2 (standard atmosphere pressure, 1 atm)
< X740 e =S Z2Hol= &
« OIH2I0tQ] et Xt Eal& e (Torricell) It 1643E0f| | X2 J|AS ABMOZ XX
- 00 (sealeve)OiIM BESH JI5 T g=9.80665 m/s? 21
- p=13.5051 X 1000 (kg'/m?)2] BEE JHXI L Yi= 0°C2 27 =0|
-H=760 mm& UEIHE= 2EHS BEWIIL2Z HOIOt1] 1 atm2F LIEHE

Vacaum_

—— Glass tube Adglass tube Aglass tube

A
Mercury } Air
760mm u 1000km

Atmospheric - 76am
e
4 " <
@ - e TR
s&a . - o —
Mercury Basin Basin
(Before the tap is removed) (After the tap is remaved)

Fluid Engineering Lab., Chonbuk National University @
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3) &Y (P)ill 8H(o, 1)

v A0l T2 12 (atmospheric pressure) 8%}
- R 371 2Xt= X172 S0l ool XIES 2K0 20 A1 DTIt =05
X720l S=0| AHHMAM 3712 2= Ui EICH= SS0ICH
« 3719 EIL SISOHXITA 122 D=0l Wet 2400 S0
- oIS 0= UE0] HatohH, oref 257 20T oFH 1™ 9| 1.0mOtCH 2F
1.2mbar¥} SORZICE (AT0ll ME 2% ZME: 1km & -6.5°C)

Note: (142 ZFH 9= Y0¥ M2 58 (M)

Fluid Engineering Lab., Chonbuk National University ﬁ]

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

v BEWIIY 1am 37| @

p_ F(Force) Wiweight)_ v _h_ o
© A(Area)  A(Area) A A

1 atm = 760 MMHG (Spereury=13.5951, g=9.80665 m/s?)

=13.5951 X 9806.65 N/m3 X 0.76 m = 101325 N/m? (Pascal)
=1013.25 hecto Pa (hecto=102) (R2lLigt 718 BEEHS)

=1.01325 bar (1 bar = 105 Pa)

=1013.25 mm bar (1 bar = 1000 mmbar)

=13.5951 X 1000 kg/m? < 0.76 m = 10332.27 kg/m?= 1.033227 kg’zcm2

=13.5951 X 0.76m X mH,0 = 10.33227 mH,0=10.33227 mAq

ot 13.6H171 2282 E7159| =01 760n2l 13.6HH012 2 2 10m BEI}EICE
IOE 0|2010| E2 0] 22 [ 10m 0142 B0] 28 )} &l A0
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3) e=(P)ill 88(s, 1)
v BRI 1 atme] 37|

JH+BE JIECE =3 10m9
2O D] 39l 171241} 10m
40| SHTM 2 27129

g

19 MO Mo r2
Ja b IR 1R
ey
nz 4> w0
=2

Note: QIZFO| Zy==BH|(ZH| 8101)
SLHIS0 A YHIS AL M 28 +a
SHHIE 30m OIHE A&
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3) AH(P)ill SH(o. 1)

v HIJ12 (gage pressure, Pyyqe)
- IAWIILE JIECE £HOH A
c HDIA2 £ AXFE AU J1E)UM 09 =301 LIEHITS XX

Bourdon tube

7 L
/ Pointer”

e Y
\pinion 1./ Link
Sector

Fluid Engineering Lab., Chonbuk National University #

3) A (P)ill SH(o, 1)

v ZAUIIY (local atmospheric pressure)
- BEIDL A= Xl 1L

A;=-500152.4(m) P;=1.042737 (atm), 792.48mmHg

A,=0m P, =1.024355 (atm), 778.51mmHg
A, = 914.4 (m) P, = 0.918411 (atm), 697.99mmHg
P3
Py 1 2
A kN
P2 =Py2 -

/ \j 3 ijﬁ Sealevel

Ps3

altitude (km)

CaldAir

Fluid Engineering Lab., Chonbuk National University #:¥
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S8(0, 1)

v EHY (AN UIYHE IIECE S AH=-ZAMHIIL+HIII)

Point (1): any point above P,

Point (1) Point (2): any point below P,
Standard p
Atmospheric gage
Pressure (1 atm)
L Atmospheric
latm pressure
=760 mmHg P P
=1.013 bar 3
=1013 mmbar Paps| |Pam  Pam Point (2)
=0.1013 Mpa
=1.0332 kg/cm? P
=10.33 mH20 abs
madis A Absolute
abs™ vacuum
P.,s = absolute pressure
P.m = atmospheric pressure
Pyage= gage pressure Don't
P,.c =vacuum pressure Fgﬁf"f"!
latm = 1 bar = 0.1MPa = 1 kg/cm2 = 10 mAq = 14.7 psi e

Psi: pounds per square inch
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1.6 Viscosity
(A=)
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1) & (viscosity) OI&H?
v HN0| MY ASECH2 S0 N2 QS B0
- M EXULME SEE MHUIM 25.

oua
EX1210| 2HH0| FALL. (2XSY
S0}01

Heit- 258+381
SI10t01 EXtAHRI
E

251 45018 EXREIS % 2501
O EXHAHO0| ZA010 HH0] Loz
(Ofl) B B 01 - M= A - HEg AL

JIHl: 2XEMZ

w

=
2R 43 &
o

HD W
b=
HO
Ol
=
2
g
=
!
10
Hu
0
o
o
4
op
=)

OF2S01 3710101 &0l SoretTt.
(O HIBI|E® Ot : H8H

1
ol
S
!

x
0d
1
ol
S
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1) & (viscosity) 0I&?

v Y01 2
* RHIQ DX Do JEZM AMU JINI SS0l e WRHELZ 2R 1
SEOl et Mo HEY
U |SSA |H Xt AXL, FHS AOIN SU2S0 282 I =&E3
SoHolH = M A0 Kl= Y& 20 Ui 0
xng =

o=
(MAOE OIot Y2 HNHOR X = HpiE)

4

o

A 0] eI (cause of viscosity)

Q1o SHIS ALOI0] XH2S0| ZME I 2XH=2S0 gt | -

« 2SE+3S (momentum transfer) F1tQt, EXHAT ZHO]
« 2XI2ZE (molecular cohesive force)0il 71218HCE.

Fluid Engineering Lab., Chonbuk National University @

| 2) ¥ E](viscosity law)

v T AHl(velocity gradient)Qt ZFHBZE (rate of angular deformation)9] A
(ZLHEE, MHHAS (shear strain rate))

=

dudt
<=+ S =Vt=dudt utdu B e KOO
E — dy-d@ ~du-dt @I E20lH22g)
0o a9 du_df| @ETm-zmuss)
t=t _| [ t=t+dt — s
CEE) dy ELE) d dt HOHEE
z T= yd—u = ,ud—g (Newton's
. U dy dt .
d 1 = — viscous law)
) * . HOSHS AT S S0 HIF

ooca=T

ELSHIIAM SH2 HES0 HigIotL, |SHINIM S22 HYE S0 Higetct

Hook & %]: @41t ¥ ALOI0II= LHAIZ HIgl 2HOF S&OH=HI 012 E =2 ¥ 0l2} Ot
Ol IHO] QI 0} HAYO| HIE EH&HI=2} BHCL

&3, Newton2] M BE2 NewtonFHI0fl 2 Bt Hook HZ{0fl XILIXI B2,

Note:
« Newton’s law viscosity:= Laminar flow (Z295)0I2 ML JIs

RS MYHA2 - USMM HFTES M) (Ch. 80IM OE)

ood'uTc
Fluid Engineering Lab., Chonbuk National University
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2) BB E(Viscosity law)

. Terminologies
s

—_— ; +Shear stress=F/A
/" ',”" ) «Shear strain=da/b
I
= L/ « Strain rate=U/b=du/dy
[ ¥, RIS
\ A @ ( M Figure 1.4 Rehavior of a fluid placed between
p Fuxed plate two parallel plates,
(% ¥ ou=uly
tangf =—
B b &a Uﬁ[
tandf~of=—
o] b

bsp~da— o~
b Velocity gradient(Z £ 1tH)
B

_du
=lim = =lim — = — (rate of shearing strain, I SHHHE)
a0 & a0 b y

du du
P/A ocy—— — T=pu— (Stress « Strain rate)

dy
kmwa k Moy U

Absolute viscosity, dynamic viscosity, viscosity
(shear stress) (shear strain rate)

Fluid Engineering Lab., Chonbuk National University El

2) MY E]|(viscosity law)
ACSTILAWO| HO
HRERDINAA IS ¢ MAOE OI0) RMOHE HESE (Pa=i?)
Y U p: A (Pass). M A 37|
Moving plate u: FHIZ A019] S (mis)
1 f 7 P h: MESE0| 2A0H= SHMBAL012] Hal(m)
dy _/"' I,;I,Z?i]iévem“y %: £ Hl(velocity gradient) =
h I5 LA Z T (rate of angular deformation)
y le— u g du « Linear Velocity Profile M8 &l=
Agp EEQSOE SH hIt S ST xwe
X
Fixed plate 242 32l (dp/dx=0)7t 81& OH (Couette flowe}l &)
« From the Newton’s experiment
u F u
Foc A= Or —oc— (BItg 9| YA Fis (HExE S0 HIA)
h A h
F u o
r=—=@ (Newton's Viscous Law) SR8as S5 1a o
L~ 25 3H(velocity gradient) = ZHMBAE rate of angular deformation)
B M A5 (coefficient of viscosity), & [H& A Hl4=(dynamic viscosity)

Fluid Engineering Lab., Chonbuk National University @
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2) MMM XL(viscosity law)
v Newton©] ¥ Z| (Newton’s Law of Viscosity)
« Mol HMOR QIS MOISH(FMOE, QMO £EII2I (MRS,
HOHHEE) 0l HidIols YA
- OlIH HIF A= M2 £ I27]9 HI0 sHEots MAHI 2.

du [N/m2 = kg'/m-s?], [ML1T2] (SI Units),

dy [kg/m?], [FL2] (28} Unit)

Weight

Weight

Fluid Engineering Lab., Chonbuk National University El

| 2) ¥ E](viscosity law)

2) T EIJL HMYOI HR (General velocity profile)

du
Yy, @ - (y=y)2 R T = [ &
1 W] ) y=y

it ; VU =y RYHESH =,

2
Idy ¢ 1, = YR FEO (x2) B ZHE0=
i u - T
=
— 1 | x e MEgEs o)
/ ==
o y (L "2 AFS I ES UEE

_____ "veloci&y profile
ez X Note: y=0| S Mz xH0| SHH-A0 F2A0HKL
Fixed plate Ul ASMUIME xS0l SEHS

» From the Newton’s experiment

du F du du du
FcA— or —oc— 57 ,0c— > 7, =4 —
dy A dy dy Y )yey
=y$ (Newton's Law of Viscosity) %3 )\ sEesHMD
dy IS0l W22

Fluid Engineering Lab., Chonbuk National University @
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3) HdAHlI=

(Viscosi

ty coefficient, p)

3) A=

(Viscosity coefficient, n)

v BAHAIZ= (coefficient of dynamic viscosity, p(/mu/ §))

FHIQ MY HA(k/E LEHHE & S SMUIME 20 Tt \astih

e IU@ i T [N-sim?, [MLT4] (S| Units),
dy (du/ dy) kgrsim?], [FL2T] (3¢ Unit
2
®Slunit:  py= N/m N/m ( /m)s:Pa.s
(m/s) /(m) 1/s —_—

=(kg"-m/s?/m)-s =kg" /(m-s) =[ML*T ]

kg, /m?

kg, /m?

(m/s) /(m)

15 = ko /m?ps=[FL7T]

b,/ ft* b, / ft’
(fUs)(f)  1s

®BGunit: H=

—(slug- ft/s?/ f?)-s =slug/ ft-s

dyne/cm?® _ dyne/cm?
(cm/s)/(cm) 1/s

@ C.G.Sunit: g =

=(Ib, / 1€)-s =[FLT]

= (dyne/cm?)-s

=(g"-cm/s? fenf)-s = g" fem-5) =[ML'T ]

=1 poise =100 centipoise (cP) (& &

el

1Pa-s=1(N/m?)-s=1(kg -m/s?*/m?)-s=1 (kg /m-s)

=9.8(N/m?)-s=9.8Pa-s

Fluid Engineering Lab., Chonbuk National University El

3) &A= (Viscosity coefficient, p)

=1000 g* /100 cm-s=10 g"/cm-s=10 poise =1,000cP

Fluid Engineering Lab., Chonbuk National University El

| 3) AMAHIS(Viscosity coefficient, p)

Shearing stress

Rate of shearing strain, 34

Figure 1.5 Linear variation of shearing stress with
rate of shearing strain for common fluids.

v Newton- and Non-Newtonian fluids9] ZAH|% WS}

Bingham plastic

Goa

Shear thinning—s,
[=}

Newtonian

Hap (BEIIHYAT)
T
2 Shear thickening (MEHS E Gl

Rate of shearing strain, %
Figure 1.6 Variation of shearing stress with rate
of shearing strain for several types of fluids,
including common non-Newtonian fluids.

Fluid Engineering Lab., Chonbuk National University ﬁ

<JIMl: 8y )II*‘.: 1
- Al MY A=
-JIHe B2

SO SHHI
Sutherland Modelé A2

v HMHIZ0| 2589t ABk(u = f(P,T,composition-))
':2} 2 SItotH LHol=

HOl HHIOHXI

ZA0HH A=t Sl SoretTt.

Ok
wo

Gas

To
[K]

A
[uPas K7

ai

291.15

1512041288

3
T,+S(T ) CT? 14, (T,+S)
= — c=£o
H “°T+S(TO] T+S( T

= dynamic viscosity in (Pa-s) at input temperature T,

ammonia

203.15

1.207443379

carbon
dioxide

29315

1572085931

o = reference viscosity in (Pa-s) at reference temperature
T =input temperature in kelvins,
T, = reference temperature in kelvins,

carbon
monoxide

288.15

1.428193225

helium

273

1.484381490

S = Sutherland's constant for the gaseous material in quest
- Kol 3L

T T\
#=Due™™ or h==a+ b(—o j+ C[—DJ
Ho

Andrade Model& A2

hydrogen

293.85

0.636236562

nitrogen

300.55

17.81

1.406732195

oxygen

292.25

2018

1693411300

sulfur
dioxide

293.65

1254

1768466086

Fluid Engineering Lab., Chonbuk National University ﬁ
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3) &A= (Viscosity coefficient, p)

0il) £ 20°CO] MMHISE= 10.28 X 105 kg,*s/m2 0IC. 0= H cP 21712

Of) =012 HAH=TL 3stH0I122
HMMHILE SI, MKS ©QIZ TXICE

2

p =10.28 X105 kg;-s/m? = 10.28 X 10 X 9.8 N-s/m?
=1.0X10%Pa-s=1.0x103 X 10 Poise
=1.0X102Poise =1 cP

(¢ 1cPi AR20IM 20| HAHIZ: 0ICH) % &

Pa-s=kg"/(m-s) =10Poise
Poise =g"/(cm-s) =100 cP
Kg,s/m? =98Poise

Fluid Engineering Lab., Chonbuk National University @

4) S YA (kinematic viscosity, v)

0l) £ 20°cO] MM AISE= 10.28 X 105 kg, s/m20] 11

LT =998.2 kg'/m30ICL. SEYHIF= R cst T2

) MAHls= 3T, L= SIHA0122 HAHIFE sI, MKs SIZ 12
1 = 10.28 X 10 kg;-s/m? = 10.28 X 105X 9.8 N-s/m?
=1.0X10%Pa-s=1.0x102Poise = 1.0 cP
WM, v=* = (1.0X102Pa-s)/ 1000kg/m3
r =1.0X10%m?/s=1.0xX102St=1cSt

(% 1cst= &20IM 22 SEAAI= 0ITH)

Don’t
% FORGET!

R

L)

1St=1cm?-s*=10"*m?*
1cSt=1mm?-s* =10"°m?s*

Fluid Engineering Lab., Chonbuk National University @
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4) SB &A= (kinematic viscosity, v)

v SHMHIF (coefficient of kinematic viscosity, v(inu/ §7))
cSHYAS (v) = BUAF )/ LT (o) (BRI HANHFE LE2 U

2
oo —_
- HAISE DD RIS 2T B SHAHISE SRIHIQL SR Tl

&)
d=n.

un A

[m2/s], [L2T1] (S| Units), (B8} Units)

) Pa-s (N/m?-s kg'/(m-s) ,
& it = = - = - =m‘/s
@ Sl unit : 14 > kg e kg e

_ (kg, /m*)-s

@ B unit: v=————=m"/s
kg, -s*/m*

2 *
®C.GSunit: y= (dyn?/cm )S_9 {(cm-s)
g /cm? g /cm?

=100 centistokes[cSt] (A2o)

=cm?/s =1 stoke

Fluid Engineering Lab., Chonbuk National University @

| 4) SEAAI= (kinematic viscosity, v)

0ll) HIZ Al 20°CO] S M HI%(kinematic viscosity)= 1.65 mm2/s 011,

2T = 840 kg /m3 O] Lt & M Hl==(dynamic viscosity)= R cP 21J}?

) SFdNH== s X SAHAILMZ 2L (2, BG HAAHNE LE) .
v=1.65mm?s =1.65cSt
WM, v=£ - p=vxp
r = (1.65 mm?/s) X 840 kg*/m3 = (1.65 X 10-m?/s) X 840 kg*/m3

Don’t
% FORGET!

R

L)

Pa-s=kg"/(m-s)=10Poise| | 1St=1cm?.-s*=10"*m’s™"
Poise=g"/(cm-s)=100 cP | [1lcSt=1mm®-s™*=10"°m’*s™

= 1386 X 106 kg*/(ms) = 1.386 X 103 Pa-s
=1.386 cP

Fluid Engineering Lab., Chonbuk National University @
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AL
4) SEMAIZ (kinematic viscosity, v)
v SHMHS Salel 1|
CHANSE LEE L 2 SN SASTE ST HIHO0D| BE
- 2SS (momentum diffusivity) 2 M XH 1 UAHIQ10] S L #S T
U V]
Moving plate ‘ Moving plate
g = —dt = F
N |
v
h Fluid A h / Fluid B
Fixed plate

Fixed plate
(b) Low Density

OI2sE =M B 30HEZI 3N

So

(2Z0] 3D) 0] BOHE =0t

(a) High Density
*h; < h, =Fluid BJ} 49| QoS
a

=]
HAM0| 24 242 IT T BAH0|

a2TH /AT
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Examples

Ol%l 2.8) OteH D&t 20] +=H2Z BMO

WO S0 A2M, 1 AtOl0Il= &

T AH2 0= R0IML 2HoH0 ¢ BT

FEMTA0IO £ HEHSE ERE F0IMR.
Assumptions

| Hel h 2H4 2 F12-D Hl) é
A= O BT SMZE MY ALCH
0l U2l £S5 S20[1 AS W,

£0l12.8)
® p=Constant
in z—di 9
Y o in 2 —dir U =y, @ p=Constant( p OJ
Moving plate ° Y, h
RS 8S. EF, 1E) 0)
) ® Laminar flow
Y=
i dy p=constant —q« (Newton's viscous law M 2J}s
d x
f— p X Find
Fixed plate @ Shear stress profile(MH38
@ Velocity profile (ZEE2IE)

Fluid Engineering Lab., Chonbuk National University @
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5) MAXA (no-slip condition)

v Non Slip condition (H&}ZEH)
- DNt NI Y= I &SR

boundary, the fluid will have zero velocity relative to the boundary.

boundary. Result due to experimental observation.
« Fails when fluid is treated as a particle not a continuum

Fluid
particle

/
= f A

ol

}o——— Laminar boundary — . Turbulent boundar
layer layer

Leading

<

« The fluid velocity at all fluid—solid boundaries is equal to that of the <

-

MM SHIE DHQt SH SHICHEHES=0)

In fluid dynamics, the no-slip condition for viscous fluids states that at a solid

¥ o=y

v Independent and dependent parameters (5

V=Vyw) =V independent p

p=p(x,y,2)=p(y) dependent p (0. )
r=1(Yy)

Fluid Engineering Lab., C

edge
x=0 -
Fluid Engineering Lab., Chonbuk National University
v 1, (wall shear stress)2| 20| 9 gk
y N
Movingplate U * 7, (wall shear stress) H9|
— : 0I5 ¥™ (Fixed plate)0| DIARHIA
OFZH 20fl Z20l= S8 ¥ MH3H
(,, Wall shear stress)0| 21l &
= e 2 EBOIM 8
7 7
dy / ’," ;A5 B8 (moving plate)2] S (-)
{
dx / / : OIF B M (fixed plate)?] SHYF2 (+)
Ty—— Ty=——
— —_— — X
Fixedplate
0l S )

muvemenl

- friction on the book
> frction on the table
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Examples
v BlO| BY : O LM Mot= DIARMLA dx-dy(dz=1)0 ZE0l= &
y(h) V(u,v,w) =V (u) (- v=w=0)
p(x,y,2)=p(y) (- op/ox=ap/oz=0)
dz=1 1, (y
Y F=F+F F, =0 (-~ No Acceleration)
& SEAFFe R0 (2%
o =7-dx-1-7,-dx-1=0 (No slip condmon)
ax (S0l $A5] 0 S X101 62)
XU . r(y) =z, =constant (-, is nota functionof y)
(from the relations of force balance)
ST onstantamas e m
ay u
FHIO U, B ZE0l= BR(F, AHO| =X Z 0t MY}
Newton’s law of viscosityOll 2|0 MEEEEEI}E
=, 5530 = &%)
Fluid Engineering Lab., Chonbuk National University El
Examples
v Solutions

@ MHSE BX (Shear stress profile)

Uy =—
# du U,
d—:T:const.
@.J_._\'E_EE (Velocityprofile) ($ H)l °I§U}EE JE% 8%@)
uU"

T h U
uy)=Zy=—"ny-"oy

i yZ h

U, u U
“u)=Sey or Bt

y h

Fluid Engineering Lab., Chonbuk National University ﬁ
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Examples

du du
T=pu—=const. or — =—=const,
dy dy u
W20 (SEW- Yo S

= Ofl CHOH)OHD, B==0il CHOH 282t M E oM

du=Sdy - u(y)=1y+c (H2dF)
u u

HEYT AHE Al X)X BHXHE 4FHOH,
Boundary Conditions
®y=0, u=0 (MZEIZAH; No-slip Condition)
®y=h, u=U,
-BAEH OS2 HE01H, C=00] RLCL
-ANZAH 08 HOHH, U, :ih e,

Fluid Engineering Lab., Chonbuk National University El

Examples
(3 Graphical analysis
N e, Y r=2u, © MHSH BX
Moving plate, ° | U
“ - 7(y) = u= > =const.
() &
dz 2
Y =7 2
[ dy peconstant " @ ST EXE (Velocity Profile)
Tw <X— _7, X U
Fixed plate U(y) = To

Fluid Engineering Lab., Chonbuk National University ﬁ
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2.3 & (Viscosity) - Terminologies

v Angular velocity (&%, o)

H2SUM B A2kt Sl 2B 2= (0=0t) A
Oll) 4t Al2t S 40243 DIWOIASE W 2S5 Q:E
v'Angular - linear velocity relation (Z&T-M&T #H)
v ols _rxA0_Ag

— —XI=wxr

TAtT At

v rpm - Angular velocity relation (3|8%:-2Z=5 HH])
rpm = revolution per minute = o
60s
300rpm =300x-2- ~107 (s 1) =
60s

v'rpm - Angular — Linear velocity relation (P]&M4=-2&E-M
2z 1
- =600x— =207 (s
n=600rpm @ 50 7 (s™)
r=10cm

V =ro=0.1mx20z(s™) =2z(m/s)

Fluid Engineering Lab., Chonbuk National University @

Fixed
bearing

Moving plate \A

é 7 FerxA

\“
7 Rotating
\' shaft

V= or = 27 x1800

P=FxV

Fixed plate
V=aor

x0.075m =4.57z(m/s)

du Au “ 4.57z(m/s) “ 2
=pu—=~pu—=018kg /m-sx——————~=—=324r kg /m-s
TR T Ay 9 M S 0asx102(m) o NI

A=7DL = 7x15x1072(m) x30x107?(m) = 0.0457(m?)

P =3247(kg" / ms?)x0.0457(m?)x 4.5z(m/ s) = 2034(kg 'm? / s*)
=2034(kg"-m/s?)-m/s=2034(N -m/s) = 2034W

Fluid Engineering Lab., Chonbuk National University @

2.3 & (Viscosity)

OlIMI 2.12) XIEO0I 15 cm?! 20| 1800rpm S 2 9| X0t ULL.

01 = F2{0l= XIE01 15.05 cm, 2017130 cm?l &2t01E HI0IZ 0]

FAE| 0 10, 01 ALOIOH p=0.018 kg'/ms 2! JIS 01 HYX ALL.
0l H HIGISMIA B0l Aot HEHS

qHS VD APt SH2 S
£0]2.12)

ot SH2 201212

« Assumptions

- Gap is narrow,
4=0.018kg" -5 >~ pisnamow, - o
\ ) so velocity profile is linear, =~ < 22)
n=1800rpm

- Laminar flow dy 4y
N Ad =0.025¢cm

z /] d=15.05cm
r=75m /|~

| — 30em - Steady flow
V £4.5z(m/s)

- u=C, v=ulp

« Finds: M A XS 017171 4Bt S (Wall shear stress)
Work J N-m
power = —— === =

—— == NXEZFXEZFXV:TXAXV
time S S S S

(No acceleration and No deceleration, Fz=0)

du
(Newton’s viscous law is applicable, 7 = x——)

dy

Fluid Engineering Lab., Chonbuk National University @

2.3 & (Viscosity)

GilKI 2.13) 20°CHIM R S0t1 Y=

=

SN0 2421712717} dp/dx=1.6kN/m?0|Ct
i} HALOIQ 2H20] B=ScmatB HOZLE] 12mm HOIA ROIMS
S0 MEIZES FOMIL. E HEUMY HESH

X

MOSHN S5 A0k
XISt EM A0|Ol §E 2 HA2 OFHQt 201

dp

£0]2.13 1dp B =0.05m, —- =1600N /m?,
0l )u(y):z—&(By—yz) ™ i m

# y=0.012m, £ =6.2x10"N-s/m?
U(y) =~ (1600N /m?){0.05x 0.012—0.012?)= 0.588m /s
2x0.62

e du 1 dp

1dp
L B O 10 I Y [ W
“ay ﬂzydx( ¥)=55, B=2Y)

7 =%(1600N /m?)0.05—2x0)=40N /m’

T :%(1600N /m?)0.05-2x0.012) = 20.8N / m?

Fluid Engineering Lab., Chonbuk National University @
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1.7 Compressibility of Fluids
(FHIC &=d)

Fluid Engineering Lab., Chonbuk National University @

AL =
2) AFJHAHE G, A=)
v HIEEAAIZ= (Bulk modulus of elasticity, K or E,)
ML (E)S BAS I, =0 Mol FEE UEHUHE 2/(AHEAE TIA)
2

cHIMEEHE I TS S=0] DX B= HIS=Y =S 2=0 (HEE AAM)

K —_ydP_ dp [pauma), (MLET2 (Sl Units),
dv do [kgfcm?],  [FL?] (28} Unit)

A Volume V,
T §J~Vv°'.“,T3 - ADE EIMTIS0 QALSH Y
NS AN - AL ERM4 S Z0|HDH0) TS HQIE| HIOH
P | - IR ERMHIAE MIEESI0) (2 HIS9 Ho| 20
: - A EIMJIATL 24 0| HIE R i 20
HIMEAHIRIE S £ HEWI} A

Fluid Engineering Lab., Chonbuk National University @
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1) Modulus of elasticity (EFHIF)

v Modulus of elasticity (EFA A=, b R E): S8 (stress) / BT (stress)
- MHIYSIM T 2] Z-d (stiffness) il LIEHHE & S HY o HIBE 9

L

« QIZHERM JI4=(Young's modulus, E): Z 0|42k 3} Bt T i
tensile elasticity, or the tendency of an object to deform along an e
axis when opposing forces are applied along that axis

_o(normal stress)  F /A FxL
&(strain) AL/L A xAL g oas» S5

Stress
P -

- M B A (shear modulus, G): M EHSE MO} EHM T
an object's tendency to when acted upon by opposing forces. The
shear modulus is part of the derivation of viscosity.
G- 7(shear stress) _ K /A _ Fxh
y(strain) Ax/h  AxAx

+ RI& 24 A= (bulk modulus, K): HIX @} BT \ i

the tendency of an object to deform in all directions when uniformly -
loaded in all directions. The bulk modulus is an extension of
Young's modulus to three dimensions.

Ap(normal stress)  F, /A

AV /V (strain) AV IV

- = QU HIIS/HIZ O]

Y9l = (P+dP) - P =dP
ML = (V-dV) -V =-dV
\% m
V-av - HIAMBIQHH| = -dv/V = -dv/v
P p+Ap
= = (V: HIE, v:HIHIR)
SR IIHT WU E B LUK 2 SA LISH WS
) 2= dPQt dvol I}
BulkModulug(k) = Dukstress__(F/A) __ Ap O e et
Bulk strain  —(AV/V) —(AV/V) 2IIt-@SZNE
1 1 1
_Op_ dp_ dp (V:%f:,J
dv do " dy P Ay

[ K_9p | samo ngmae gag
|l o dp | HoloksHI ABEIE S8 24

« SHIO| HIMEMHIIE 0K A2 AXAIT1)] S SHAS o0/
+15.5°COIM E0| RIS 1% S0l=0 R A2 212.303404 atm (IHI|29] 212HH)
- MFEEM ARIZ QI ZSI2HINIM HHIE HIRZMOZ FHFECL

Fluid Engineering Lab., Chonbuk National University @
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A=ddEEdHx A=E
v &= (Compressibility, B)
- =00 Cloh =2

o] SIJ} #0)] 412 HES EAIOKS 2K
- HIMEAHIRO o

= = MIX U]/ A2t

=Cco

1= o ]

gL ldv pem,

[MLLT?] (SI Units),
K vdp

[cm2/kgy, [FL?] (82 Unit)

Note: RHIQ| 4= M= OlHS} 20| HAIR

< A MR ERAI (K)

<INl U=E ()

Fluid Engineering Lab., Chonbuk National University El

3.1) S2B¥k(iso-thermal change)

pv=RT (equation of state)

pv = Constant (. iso - thermalchange)
Differentiate both side,

vdp+ pdv=0 — dp__p

Y

Bulk modulus of elasticity is

K :—ﬂz—(—gjv:w
dv/v v

.. speed of sound at iso-thermal change

a = / \F \F RT/IV _ RT (siuniy
dp

— l T (3 unit

Fluid Engineering Lab., Chonbuk National University @

| 3.2) HEWMI(adiabatic change)

3) JIMICl B9} (=al WE)
Y

v 2£0] ’g_l (Speed of sound)
'é’)

(bydeflnltlon)(EWlI}(uH )0|I_I°

—

G!ﬂ‘ .....
MANANANA

n
TV U\)WWWWUWWU‘
According to the relations of Bulk Modulus of Elastlcny

K=-v dp dp

E dp E>

pdp

a, = d—pz\/K (R0 Z20 T2 AIS)
do \p

AAAAA A
L L]

Fluid Engineering Lab., Chonbuk National University !ﬂ

pv=RT (equation of state)

pv¥ = Constant (- adiabatic change)
Differentiate both side,
vidp+p-kvdv=0 — dp=—k- p:dv——k b dv
Bulk modulus of elasticity is

Jdp_ ,u
dp __( k- p)v +kp v v
Cdvlv v
.. speed of sound at iso-thermal change 1Mo 2200 =2 Al®)
a = KRT/V _ 1 RT (siuniy
dp
=,/kgRT (S unit)
Fluid Engineering Lab., Chonbuk National University @
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3.2) EtEWB}(adiabatic change)
a— |d_ K @Kl ZS0I E2 AS) 1.8 Vapor Pressure
E ﬁ (B

a, = @: RT 3
\ dp OIRI2 B0 E2 ALR)
—JKRT (&)

> iso—thermalchange: K = p
> adiabatic change :K =kp

Fluid Engineering Lab., Chonbuk National University @
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1.8 S (Vapor pressure) 1.8 ZJIIQ(Vapor pressure)
vERHAMIL SJ|Y (Evaporation and Vapor pressure)

+S(evaporation): XIREHO| HHIEXISO 2SS0| BX12H0| 2

vTerminologies (80 H9|)
Boiljng at 1 bar Boiling atlower
p— e MER HM U] SO B0 BA (2E-27)
surrounding «ZJ| 2 (vapor pressure): LH 27| WM XIQEHS SE(J|2hot XIS 250
ojo) am o1
«2Z(condensation): W2} = A= O Z TP} AEHI}E JIHIJH UK Z HIA0I= HAS

goil} (2E<E7)

External flow

Vaporization (J18h: M7t FOILXIE S4001 JIHIZ B0k My 53, waporaton :
= (evaporation)ilt HIS(boiling)  JHXI 712t 0| AS. wi fp s
L0 B Sy
Ab W |9 o )‘]

) T N -t I H 1

1) Evaporation(Z#): HISH(boiling point) OLZHO| K ESOIM LOILIE 7|2t
3 = .

Sxisagey) W : -
- o (a) evaporation (b) Evaporation > (c) Evaporation =

C i [of

2) Boiling(HIS):
40| LY [ HHIS JH20H0] HISHN TS I BHEHUM 2t AEC AH
HAI0 2N ST JIZEJ FALTE AL HISO| L0iUE 258 BEHHISH)0I2E S
S} a4 I R 20| F2 S712 01012 S12 I WA0KS J12t BAOZ ) Lol - EOHMHi(saturated condition): ZHE 871 IO XIS ESE BE0HS ZXI49f oK
JIZTt UM (BS(cavitation) WA - FSHMOZ Q) HU( Qa2 ENLII Y2 I (2E-27)
<Y} SJ|(Saturated Vapor Pressure) : ESHAEO| =72t
Fluid Engineering Lab., Chonbuk National University @
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1.8 71 &(Vapor pressure) 1.8 & (Vapor pressure)

+ 8&(condensation): JIMl = ST17F HHZ LEHHI Ol= WY (WL} |FAD « HIS (boiling): M| WOl 71 712} HAGS 2ot S8 HAL
LY A IIHE 1S 01012 Y2 (SH £= 82 Y2 W) 5A +3)| SB(IF 2 &Y) 1) 2H0| 2F: HHE IS0 HISH =22 I HHMEHHM SZl QS0 AH
L 25 JIHQ 3 B)|2 0180 It I il (H i §) (43719 IJ'IIH e T 2N S0 J1ZIH BYEE Y HISH 2T E B=HWEISH)I .

(Ol: SZI00 ALBEIE TN SIS SX. 4S A0IS: SE-AU=X-85-8%) 0) E2 2L HEMUIIA0M 251 100°C0fl TES I} 248,

& 0.22 WP
10¢
109 0.12 MPa

Pressure at bubble collapse region p; MPa

Evaporation

.if

2) 2571 2F: Yl A0l Z2 1Y 010t K& I 2Yot= JI2t HY2T Ml ol

Z8 S AN
o \._/,\ S5 I} UM (BS(cavitation) MA - BBMOZ Q). . LAH|S(decompression boiling)
L Olgta &
:Tv 30 20
A 3712 0
2012 Hyundai Tucson Condensation e o EEY 4 o 257 W Y25
Fluid Engineering Lab., Chonbuk National University ‘}] Fluid Engineering Lab., Chonbuk National University El

w
B8} +571g 3M

1.8 S (Vapor pressure) | 1.8 ZJ12(Vapor pressure)

v X3S JIk(Saturated Vapor Pressure): HHIQ JIHIC] ZHIA OISHT 22 ) v ZeS)|e 3 ~ =
01 SE0IM HOHl 25018 JKE 1 WIS 2 AHOI 0 01, Ollf £ SEZ0| SRR ZOASIIS AN SEMH 018 JES= UL 2
e e I e & -0l 291 2 (11T FOPKI B 100°C ST} 22 SE0IM JIKI=Z
‘W1 B $3)IS TUSSIIRE ZIY & HCH, LIS 371200 EA+ZTI200 o
=O0IE SZ0I AR 0l EAUSETI2E SNIE o

Ha g

Boiling point = 92°C

Elevavion
00 m
\2
%

-ERREIeE S0 U010, U] S0IK 8710} 2ol0l 012 w2 0 - /
A 2E8 YOV SNOEM 271 50| ~5/8 Z200IL j—
S 27128 2RO SAOIEA S 0120l 011 02 HAMBIIN BE) . de
=, mYEIIgte RIS F710H, 2E 7t L0l L2 340] AL o T 3
Sl 21=0] 1 S0l EOFSII2HETH LI Al Sotn Aote Hlo(Cavnanon) £ s S
e & 400 H %,
= — & 900 % Boiling point = 100C
° ° °°° °° o0 950 7Rgeva(icr
QIII I} I,rla 100! o ! m
= '.' 2 o 20 a0 60 80 100 120 91 92 93 94 95 96 97 98 99 100" F N
':" - ’ Temperature (°C) I Boiling Point Temperature (°C)

Sit-8= BOILING WATER P = exp(20.386 — 5132/T)

Fluid Engineering Lab., Chonbuk National University ﬁ| Fluid Engineering Lab., Chonbuk National University @
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= ==
1.8 )18 (vapor pressure) 1.8 S (Vapor pressure)
vEJaee v 8T8 (Cavitation) : &HIS(decompression boiling) ¢4}
. Ofatra « RS (ML S21 US [ 20l YoM I 2=0IMCl Z2HSI| 0I0I= &I |Hl=
- R 2ESII-HIS 24l — 9 B=H 4SS AIZHI 20l &= #al HISOL0I SHI LHS0I 71Tt & ot W4
.o o =
- 0l 14%0) JIE WMOE oI5t BSHA WA (Cavitation) Aﬂfﬂf:jfﬂﬂ?“””jfgg
oumlol ot : 258 s2AC=M HISS 8% § A2USUS, AATS KA 9 Hot
ool @ I 2=S WSO HISE ST @A) Y 83 (Cavitation Number)
« WA C,= gﬂ P , (p, :ambientp., p, :vaporp.)
py = EEST] oy ZpV?
W Hof  { 2
fr (CRVRE==: A
= «iEE - Prail= 5MPa
2{|| = > Pback=0.2MPa i
X ad L 5
~| AT o e
‘l ‘ l i “gol 8
— | B
(Rl ) . : ,
% 3 dof— ) ‘m;el_;sm £00010%% - Cavitation dageon an impellel
Fluid Engineering Lab., Chonbuk National University @ Fluid Engineering Lab., Chonbuk National University ﬁ]

1.9 Surface Tension (Force)
BUZHED))

2022-03-03

1) BM A= (Surface tension)

v HM&=(surface tension) 0| & ?

RSN XI
(Free Surface Energy)

Molecular attraction Force:

- kad, __a@: coutombs
’.' 4}'[{',,"\ Law
Surface
T tension v.
OeO0e0<0 ' UeEY. | . srioce |
| (Free surface) | "
O O O .y
- e L]
‘ b
@) P>
- “/ffRF _— BHEE - BHNS AAS X)) Ol B
y Tension NEELIERY moigs
'r J(ili (Free Surface Energy) (Surface Tension)
L}f Lo EAXDO| ZTHOIE 1 BHIBOIM

H A (Surface tension)0l2h= S10] LA
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1) BBM& (Surface tension)

v BMES(Surface Tension Force) 9]
- 00| Y Z0IQ ME Mt X E0l= 22X 21 L.
- F, UHIO TISESHAIM EHE X Ol 1 XE20k= o

= ¥HOZ U0 F M9
S ZH20l= &2Z HAI
SurfaceTension(c) = Freesurfaceenergy _ F le _F
Area | |

_ kg N _ Force
m m length

%1
HUZH2 21 STUH J1A0I22 259] S5
CAHIO 25t S0 +S HHEEH2 X020
HHAH2 22 ER9 21012 B EI= 2X S& S (cohesive force) i}
2 59 2Ilal B0i2Il= 254

(adhesive force) AFO12] XHOIO0I IO &

X IR EHMM HHEXS SHH0I STIEXAL PAHED TN T

1) BMZ&S(Surface tension)
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1) HMAS(Surface tension)

« Considering the force balance acting on infinitesimal area dxdy

ZF — |:B + Fs F; ~0 (No weight)

:/F/B(*'FSN"' ST Fr=0(v=0)

=Fy =pA

- HIS20| HXIX 21 BSOS
HI- 2 OISOl 2Rt = BBIX
(R < HRE) = (BH

¥ ‘*‘: Vad
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v B0 84| (Y F=ma)

- SHIE SN & A= 0

N

puddzdy
\
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1) BYEE(Surface tension)

P,
oot (P —p,)dxdy

O,

2) BHEHO et 20dysina + 2odxsin S

— Force Balance: (p; — p,)dxdy = 2adysin & + 2cdxsin

0JIM, e, 7t O 22 AU0IZZ ZAH2E

N
Sinazﬂ, sinﬂzﬂ
2R, 2R,
@m0l gzoz uHs & "Zy "
JHEIXI &=
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1) HM&ES (Surface tension)

2022-03-03

dx dy 1 1
. — P, )dxdy = 20dy — + 20dX —— = 6| — + — |dxd
(p; — p,)dxdy y2R1 2R, G[&f“&j y

1 1
(pi— pa)=0{R1+R2J

if R =R, A

11 2
or-m=o{g gl )
SAp= 0'( ;)

1) HM &S (Surface tension)
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2) BN B &k(Capillarity)
v DA
< Yl Z0fl 01 S0 2 HE EAS W,
o HSO HH EBHO| Qo] BHE
=EHU RO0IXI= oA
Of: AT S0l HEZ ANE=E WA S)

—

CAPILLARY TUBES
S

CAPILLARY — T -
. ; - CAPILLARY
N | g
ATTRACTION ) | |- ‘ / REPULSION
\ | [ |
\ I}
\
[
|
WATER MERCURY
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HEY WMl JIS EWE (Droplet) EWE(Bubble)

W w2 Ap 2w A,

wtAp

Apbubble = 2Apdroplet
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| 2) DM #H(Capillarity)

v BNy 2 Al

- M| XIREMO| SZI2 (cohesive force) It TIHIB 1t XAl AF0IO] 5 Xt (adhesive
forces) XHOIOH CJoH ZtLH HHIE St Q| H B ALOIOfl =O0IXI0IS LIEHH= 2N
CA0| LA

v

B >ex
(90" <B< 180°)
uzory 2t

(contact angle)

=
=

Meniscus(REM): RS E]
M A0 QJoH 2 £0]
HTO| 01T = FHS o0y
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2) DN H&(Capillarity)

v 2&&(cohesive force)
<3l = MM O SES 240 Y= FXH-EX E= 0122400 280t A= 2
M| Xt E0 LIEHE 22 BoEE2ta &
<2129 {van der Waals Forces, &= Xkdipole) L= Ct= XKmultipole) 018, A HTHA Mo}
0lsa)}, 01=2219] X 7| 218 (Coulomb's force) S0l SXI240] Y01

vEI& = (adhesion force) : M| X SM T (electronegativity)(fl QIO &t4H
TS EXA0IS SR LS Z0IZ)I= HUH B MJI. = 0152 F SHO| HE5WUS
I, MZ S2tE= dys T AN DHI2 B2 48 (wetting) 0l 2.

Surface of liquid water

Ju

EEREEE] sE=-Ray

HﬁbG °
L L™
v

Concave up Meniscus Concave down Meniscus
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2) BN B &k(Capillarity)

v& &2} (Contact angle) : droplet®] L

. .
m

(]

2

1]

o

>

Surface tension is caused by the
unbalanced forces of liquid
molecules at the surface

good solid poor
wetting wetting

E 24 m =

H ng rio
s =
o

- ZO: HHIQL OHl BEH A0IM EYStXo= WAE 0|8 I JiXI= 2
HH-OH-IIH MMM S LS JM0 EX- IHEH ’é‘.é’é.
< EH: DHEYO MSM (wettability)S LIEHHE ME2M,

s At=l(sessile) S 20] Qo =X
cEA:E2 ’é!é’—.’ — 52 M3 (XY, hydrophilic)dt &2 HEHHIUXI
ESUEY E2 HZY (A5 Y, hydrophobic)dt R2 HHILX|
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| 2) BMIE HS(Capillarity)

v &2 (Contact angle, 8) : capillary tube2] B
~ZXISHAH EHO| M Hoil AXTI= HolM HHSa B0l 0lFE 2.
HE Wl O] LTS FTIE DM HAO| L0 HEZ ALS.
<H20IM ¥EZ: 2-SUA 8-9°, £2-SHA 1400, +2-Z 1540, F2-S012H 0°

Wall

Air  Free surface

6

Contact|
angle

Mercury

Note: SHZUME SHBH 0| & DOILIXI = 01]2
20l= AL SID 82 20| 20l 80| S0 ASTIZ 000 AL HASTIE Zetol= EH
SHEIN $232=0 B3t galmol 39 RASOAIE MAEIDI U0 2 Fe=0 we
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| 2) DM s & (Capillarity)

v'Hydrophilic(&l$4

=1 ’“7| e *"é' ST JAZ S Z0DI YZEE0!
™ E IHKl=

v'Hydrophobic (& *J)

S0l Lo Z12t=40] gl= A E, HHRO0] 2olY Siht= S8EX = A& Lo

=
o
E
e
[
s

Coated SunClean™ Self-Cleaning Glass
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2) DI Sk (Capillarity) | 2) DA & (Capillarity)
v BN 1) Capillary tube(ZMIZ
- NN ERO| S (H UK} TINIS0N (S S£1210] X010 J0H0] ZHHOl E —5cosOxz(2r) — b - at® —yxhar? =
UFIE B XERE R ALOION ZOIXI0IS LIEHHS SiA _ocosd o 2R o C0sOxw(2r) - py A =y xh-7
= aiip < O
‘LT Surtace _3 -2 S0 HUMM NS ABE2E H0ISY [SAH<FAH 9 —;7;\_35/— 4 Surface tension force - Atm. - Weight
Ovcmoneor| | -EEEE: oyl BRE WHOD SXI s 2 e
W2 HBSHOIME HHIL T B 820t IS 01S y Z Here, b =0(gage p), P, =—h
‘ dasin ‘ y I - Pa = Pg = P, + /N(unit Weight)
vy . -uEamm0lr BRI I7I0 oK 2. 7 ) - =0 (gagep)
Cohesion \ *A B Ap — pi _ po — J’h
Adhesion > Cohesion A W
Fomx=Eg ozt | _ | A4SEH MO 2H = 2
r v O ocosf2ar  20cosh (r o v
omorecmea ih= —= as —=co0sé
— b i y-ar yr R
r higher in a *.
T = surface tension smaller tube.
P = density of liquid Fluid Engineering Lab., Chonbuk National University @ Fluid Engineering Lab., Chonbuk National University @

2) DM B (Capillarity) | 2) DA S (Capillarity)
Note : Another solution 2) $EWm

From surface tension analysis on the soap bubble in which it’s thickness
can be negligible, (as shown before slide)

1 1 2 o ocosé oc0sfx2l =yxbxhxl
Accordingto Ap=0o| —+— |=0| — |, (in thecaseof R, =R 1 /
gte ap (R Rj (Rj ( R=R) P afiy 2 Sg
____________ Surface tension  Weight
force
i |

I he 20 cosd

v n

W
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2) DN H&(Capillarity)

3) AN 2

h=lsina
Ap=sh=yxlsina

oCosOx2ar =y xar’ xIxsina

=yxar’xh
Surface tension Weight
force
20 cosé
h=""2""0
rer
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1.10 A Brief Look Back in History
(FHIFe HALO] Q)

Archimedes Newton Leibniz Bernoulli Euler

(C.287-212 BC)  (1642-1727)  (1646-1716) (1667-1748) (1707-1783)
L
d'
Navier Stokes Reynolds Prandtl Taylor
(1785-1836) (1819-1903) (1842-1912) (1875-1953) (1886-1975)
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| 2) BMIE HS(Capillarity)

4) BAraw

h~lsina
Ap=sh=yxlsina

‘)/ 20 cosf@xw=yx(bxwxl)-sina

N e =yx(bxw)-h

2 Q

Surface tension Weight

force
Fsine /|
he 20 cosf
F=W=p v-b
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1. 10 A Brief Look Back in Hlstory

Archimedes Sexlus ntius L da Vinci
(287-212 v. Chr.) 1 ) 14 n. Chr.)
. |

ment of Experimental
>
Leonhard Euler Re d d Numerical Methods.
Jian le Rond d'Alembert -
Antoine Chez'v
Jostph de Lagvanqo 1

Adhemar J.C Barre de §
Gotthilf Heinnc’h L s a

Jean Li-uls o rich Blasius
Henri Philibert Gaspan g

Development of
Basic Equations

Georg Friedrich Bernhard B

1700 |‘]> 2100
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Homework #1

v'Problem set for Ch. 1

26, 34, 36, 44, 50,

56, 58, 72, 74, 76,

78, 83, 88, 94, 98,

112, 124 (17 problems)

83) 1=0.0992Nm

HIZJ|8: Chapter 1. AI™ ©J] XA
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