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[£t11] Basic Laws in Fluid Dynamics

1. Conservation of Mass (Z!2fEH =9| Hxl)
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2. Conservation of Momentum (ZHE H=0| B )

D(m V),
Dt

— ANAHe| MBSEB(mVI] A0l hE Hats = AAH0l AHSshs 2ol

e Newton's Law of Motion: ZTT =

e Linear Momentum Equation (M3 2=2F HIXAl)

—> D —> —_—s > —>
SF = p VdVv .+ pV(V-n)dA
Dt Cc.v. C.S.
— nFEED FEYU0| s dAFIFHWMe MRS WE4 (53 - 2344 0] X])

e Navier-Stokes Equation

DV s s
p_V: — VP + pg + uv?iv
Dt
— ZgtA 35HAl L.M.H. Navier(178571836)2} X 2| 7|AIS A}l G.G. Stokes(181971903)0| 2|sH
HERE (&16.127)
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3. Conservation of Energy(0L{X] 2 =2] ¥ A)

e 1st Law of Thermodynamics
dE
dit
—% Q oix{cie

¥ _SE —YE,=Q+W Q
g, W dML W

e Bernoulli's Equation

p 2
?+ LJrgh, const.

i3 V2+ i V22+
i — —
v 29 T 4 29 7
— OHEM, OHMRS, OHIYEN FH(=0IATFH, ideal fluid), @siLI] FME 2= RS0
Cist H250] 2HA A

4. State Relatonship like p=p(P.T)
=pRT —  1deal gaslaw

5. Appropriate Boundary & Initial Conditions
at solid surfaces/interfaces, at inlet/ outlets (ch. 6)
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1.4 A 2k 2|
1.4.1 2= (density, o)

o Ho| : Ci| MM HB (kg/m’) > A HE2 54
o Xt : [ 1 ?]
e p=Ilim —— =i
AV%VAV
017|M, Am= AVOIM2] A2 &S, ov= 8t H2=2 EAlE= AH

* Pu = 0.001205 g/cc = 1.2 kg/m’

* Puo =1 glcm® = 1,000 kg/m’

e p=p (P, T)
— oF| : 2E2} LW ChE W /)
719 - 2XZ2 Y=dsiof CHet B85t X
e Incompressible: p = constant (Ma < 0.3)

1
HI XM & (Specific Volume, v) : v= ;
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1.4.2 H|=E¥(specific weight, 7)

ol : ckg| MIHE BH (V') > fHel BAHL SA
Y= pg -
15CHIMel 22| HIEE : 7., = 9.8kN/m’

1.4.3 H|= (specific gravity,SG)

13.55
e Mo : w2 EHERI 4T &2 HELl2| H]

Pimai’c  1,000kg/m?
« O : $22| HIF0/(13.558 m $22| U
pr, = (13.55)(1,000kg/m’) = 13.6

. S G: P . p y Water

Mercury
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1.5 0|&7IAI2| B

« OJAR7|FIEFRI AL EX7|H|SFE AL O|AF|RIC] AFERUEE Al

pP=—— Eh P : ECOHYE, T :®HOI2E, R : 7[H&+

AFs (acting normal to the surface)

Surface of area AA

- ol (Pressure)
- FHIe] BHO| =222 CR|HE] 235 H=H
Et¢| : 1Pascal(Pa) = 1N/m?
[£31] 1 atm(7|2}) = 101 kPa = 76 cmHg = 1034 cmH,0 = 408 inH,0
= 760 torr = 14.7 psia = 1.01 X dyne/cm?
= 1.034 kgf/cm? = 10.34 mAdq(mH,0) = 1.013bar = 0 psig
- X} : FL-2
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‘ OI-E=|_9_I =2 -
® et (Absolute pressure) :
- HC{ 0 (ML ZISUH)S 7|E2E SH-6H oA

- ofl+t
@ A7|12t2i(Gage pressure) : =4 CH7 |2
- HEIE 2{0{X|= &4
- 3“1‘

[ =

of 2ALCH7|2t = 101kPa(abs)

2 7|1&e2 &1
e =™

M IALCH7|2F = OPa

- LS = A7|2s + qACH7 |
® 2= (Vacuum pressure) : ZALCH7|2 0|512] o=

Pressire

i

1

2]

Gage pressure & 1

Local atmosphernc

pressire referance
= Gage pressure @ 2
Absolute pressure B y

' {suetion oF vacuum)
[ |

Absalute pressure
&2

Sbsolute zero referance

Hored
44.7 + 30
147 + 0
0 = 18
(abs)  (gage)
p. psi
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H=HM A= 0.024m3, S7|2x 20T (293K),
CH712t 101.3kP(abs), AI7|2t=] 345kPagd I,

3719 =2} FH?

£, P HrjelE, T: MK,

__P et
. P= RT =5.3 ka/m3 g jmas

27|12l AW =mg = og x Volume

= 1.25kg.m/s?
0.5
= 1.25N
0.3
x| ofgio (=] i (50 psi, 0.276 Ib)
[£31] A7|22S2 287} EICIL, A7} 0.2
287} k| X| §2=C}. 01
)

-20 0 20 40 60 80 100
roosi (H7|124%)
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. (2OJIM AMOYEH =9} HIE2= Aol £27{22] M=0|X|0 H|XE U=E
I A= 7S &80 ™s] LS. WM
- X2 FEM(fluidity)Z LIEILI= 35 EQ 5> s

. HE : g2l S0 CHE XY, 255t

ULt 718 LSOl LIEI-I=

r|r

- HdE  wH2] MY uiZo LIE}

rir
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oa
b—= P P
b — - — >
Ly
b | /
L
J [ a8
) ) Fixed plate
(a) (b)
- HIEtEE - 13, ¢ EE: AIRS 0l
- &M ABE= 2 Z 5 p0IFE 2215101 AB’ 22 0[S
- WE FMH0= MEISE I 2 S "I RECHHAME AZldl 51H P= ¢ A7l M8

- 2N TH= SO0l A]
0{7|A, G : ZEIEIM A% (shear modulus), EEIM A4 = EFM2(modulus of
rigidity)
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( Fixed plate

s gooiMel =

STl du/dy = U/b (MEH)

s

5t S

— O

0

mi =

o2l &

Z=34H{ du/dy

= 3
[ -

=M

T = u% ! Newton’'s Law of Viscosity for Newtonian Fluids

0{7|M, o : HCHHEM A
du/dy : S£H

T e |

OiSIA A
=

b I — |
Si= | —
& E= dE

B3I E (rate of shearing strain 7 )

MAIx(Absolute or dynamic viscosity)




[&f31] 2 By
(TRANSPORT
PHENOMENA )

Type Property
Newton‘s law of viscosity
du
T=1—
3 dy
v = £
Momentum p
[v]=L3F1
Here, T: shear stress (dyne/cm?)
du/dy : velocity gradient
1 : absolute viscosity (poise= g/cm/s)
v : kinematic viscosity (stoke= cm?/s)
Fourier's law of heat conduction
dT
—k
y dy
_ k.
PCy
Energy [d] = LT
Here, ay : heat flux (cal cm ™ sec”’, W/m?)
dT/dy : temperature gradient
k : thermal conductivity(cal/cm/sec/K)
a : thermal diffusivity(cm?/sec)
¢, : specific heat(kJ/kg/C)
Fick's law of diffusion
__ npndan
J dy
Mass [D]=L°T"

Here, J : mass flux(g-mole/sec/cm?)
dn/dy : concentration gradient

D : Diffusion coefficient(cm?/s)




H1d wH9 J|28&

¢ 5= 23 (Newtonian fluids)

Crude oil (60 °F)

YA+ 2 wHl2l R0l w2} Cl=cf.
Z2 wHlel= o‘E’OII mi2tAM = HEF Ha, 220
m2tM = WEtF 30 (2 1, ddAlIs )

Shearing stress, T

Water (60 °F)

0.0012g/cm3

1.81xX10%poise| 0.15cm?/s

Water (100 °F)

1g/cm?® 0.01poise 0.01cm?/s

Air (60 °F)

e

. . du
Rate of shearing strain, &

- HYAT 1
- Ek2| : 1poise (p) = 1g/cm's = 1dyne's/cm? = 0.1Pa's = 0.1N-s/m?
- A [ML1T1]

. [2t3] SXMM AL (Kinematic viscosity) v=u/po
- CI9] : 1 stoke =1 cm? /s
- Zp : [L2T2]
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+s/m?

Dynamic viscosity, uN

3 #H9 JIE2dgE

2
1x10°%
8
6
4 Water

Air

Hydrogen

-20 0 20 40 60 80 100 120

Temperature, °C

- gt FAH2] 220 D2 HdAlI2] Hat -

- Absolute Viscosity u« = AT)

« 7|&| : Sutherland Y& Al (Al1,9)

« 947l : Andrade HAA! (Al 1,10)

Question : Y= 27} =7tetofl iz}
HMMAI Za5i=0 71d= off 242t

St
CF: RE 1, BASFH | maM 250
Marsts 8 Za
CTIH : ERISTRS BAlL 2E 1, EAfe)
25 =3h1
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¢ H5E 83 (Non-newtonian fluids)

. FEH SuISH) : HEIE0| BItES
2271 AR} 2
- 5, ©oi0| 248 HMAS A4
- 5§0|'=M‘ —5|EI- H _Tl__E_xl. gO_Ill g
- O : 2pEIA 1|_-||0|E
(20 20{ 2}12H oF S=X|Tt, Hof
&IstH =g A ElSHEICTH

Bingham plastic

Shear thinning —,
kSR A|

. HEHES Q| : MEH0| 248 HMAIS

~— Newtonian

Shearing stress, 7

Hap

~——Shear thickening FHthsER olo| gix|al

A

. . du -
Rate of shearing strain, & - X|e, O]
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dal =Al
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- Reynolds Number(Re) = oVD/u

« £=0.38N.s/m2, H|= 0.91, D=25mm,
V=2.6m/s & I}

 Re Number ?

« 0 =SG (oH20 )= 910 kg/m3
«Re = oVD/x =156 (kg.m/s?)/N = 156
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(Given) Newtonian fluid with viscosity 1 = 2N.s/m?,
V =0.6m/s, h=bmm and velocity profile is

w()=(ED0- ()]

(Find) (@) 7at y=—h ? (b) Tat y=0 ?

-« S — - —— S —>

I )

-

Solution

T—UZZ—H[ ( )]

(@ Dy = S5
(b) T = 0

Thottom wall = 7 20N/M2 = Ty o

=0

Tmidplane

=2 =0.1

0 0.1

0.2



