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1. Fluid Statics (847 X[ AUS ©H)
2710021 QAo st (0F22] Navier-StokesOlA v = 0¥ )
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2. Fluid Dynamics (f4|7t %/ )
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1. Integral Control Volume Analysis (A|AE!/H|O{H[A 2tH)
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c. MOA|H LHE of|LX| Het = E, &, FA/RE o X[of 2fs 2H
2. Differential Anaylsis (2 HO|AQ| 0|2 EHHA| 2HH)
a. Navier-Stokes
i. 2%0|= }A| ot Hof2|of et FEe 2SHA F =ma
b. M 2A| - Euler Equation

c. EulerE |4 2t B2 - Bernoulli



i U Hyl x5k ., k=M Navier-Stokes

3. Reynolds Transport Theorem (A|AE0f| CHSE 2= HEIZ Control
Volumeoi| CHTt A/O 2 HIFYF= Al)

270 EQUE=X|, B8 QU=X|0 wt2tA internal flow, external flowZ LI
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1. Internal Flow (2 2rekof|A] 11X ZAof| olsl HstEl @5, otojx, o
E M2 3S)
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o LIHX|= XIRRS (free stream)
« separation, wake, vortex 2

o OflA CHA:: drag, lift, 8 &
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Eulerian: velocity of a fluid particle passing through point (x, y, z) at time t

Langrangian: follow the fluid particles
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Timeline: marking of adjacent fluid particles at a given instant
Pathline: path traced out by a moving fluid particle
Streakline: follows path of all particles passing through a point

Streamline: lines drawn in the flow field that are tangent to the direction of flow at
every point

Normal Stress (¥ot HO| 2O 2 JI5{X| = &)

5 OF,
on = lim
T 54,0 0 A,
Shear Stress (Mot H 8IakO 2 J5[ K| = &)
. 0 F;
7, = lim
" 54,5004,

Newtonian fluid: a fluid where the shear stress is proportional to the rate of
deformation
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Capillary rise Capillary depression
(hydrophilic tube) (hydrophobic tube)

Fluid Statics
dF = dFs + dFg = (—Vp + pg)dzdydz

—Vp+pg=0

net pressure forece per unit volume at a point + body force per unit volume at a

point = 0

op _

incompressible (= liquids): no density variation

compressible (= gases): density variation



2.3 - Hce on submerged surfaces
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buoyancy force equal to weight of displated fluid = Archimedes principle

Integral Control Volume Analysis



System approach: study the motion of an individual fluid particle or group of
particles as they move through space

Control volume approach: study a region of space as fluid flows through it

M 9
aM _9 [ 4 dA —
dt 8t/CVpV—|—/CSpV 0

CV: Control Volume
CS: Control Surface

1st term: rate of change of mass in the control volume

2nd term: rate at which mass is exiting the surface of the control surface

F=9 [ voav+ / VpVdA
ot Jov cs

1st term: rate of change of linear momentum within CV

2nd term: amount of momentum exiting the CV

Example 3.3: Rockel launched vertically

Neglecting air resistance, what speed would a vertically directed rocket attain after it burns for 5 s
if it starts from rest, has initial mass of 350 kg, burns 10 kg/s, and ejects gas at atmospheric pressure
with a speed of 2500 m/s relative to the rocket? Plot the rocket speed as a function of time for the

first minute of flight if it consumes all of its fuel after 5 s

dv )
m— = mv, — mg

dt
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Incompressible Inviscid Flow
Navier-Stokes Equations
H
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1. streamline direction
o streamlineS W2t 7}HA 0| MZICHH £E7F “fEIch= X
2. normal direction
 straight streamline — no pressure variation normal to straight streamlines

o curveZt 2S5 24=0| MA

Euler Equation
Hgo| ZAE Bt3 Zo
uViv =0
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Bernoulli's Equation

VZ
-+ o + gz = constant



flow energy, kinetic, potential
Restrictions

1. Steady flow

2. Incompressible flow

3. Frictionless flow

4. Flow along a streamline

4.4 - Static, stagnation, and dynamic pressures
Static pressure: the pressure experienced by a fluid particle as it moves.
Stagnation pressure: the pressure obtained when a flowing fluid is decelerated to zero.

Dynamic pressure: pressure due to the fl welgcity. The difference between the stagnation and static pressure.

To manometer or
pressure gage
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4.5 - Energy Grade Line and Hydraulic Grade Line

. b

+ gz = constant \ & %f
Free surface //[nevgy rade line (EGL)
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static pressureTt ZE5IA| &|H Of2f FA|2| S = Q6] LHO0| ZASHA| &
X| Z&A7t Ho|A EICt.

Dimensional Analysis and Similitude



e Reynolds number (Re) = M SE0|A 2tM8= /| M=ol H|E

« A: Re = 2L
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Buckingham Pi Theorem
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Flow Similarity
| M2 ctz 3719 A|A=0jetE, 2AILES0| ZOM Q5 MiHS S,

1. Geometric Similarity: 2 5
2. Kinematic Similarity: 52 £ & 5
3. Dynamic Similarity: 2| Hlg& S
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Internal Incompressible Viscous Flow

internal — completely bounded (pipes / ducts)

Il
%) L‘A\»uf‘/"/‘vh A~ »"."", ) Turbulent
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: — — — ——— Transitional
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Laminar Flow
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Flow in pipes and ducts
major loss: friction, minor loss: pipe fittings
Holl M shear stress= 12| 2|2t H|Z[sl A ZA
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major loss: R4|7t S=EHA OEO[Lt LR mfFE0] 8= oL K]
hr, = LY (Darcy-Weisbach)

D 2g
IHO| Oj| A &t23t= OpEE = WA x MHE3 apV?(rDL)

O| OF&t240t=a Qg A Al0| BIMSI O 2 head loss2 HEMSHH 9| AlME B3 It

A
0:09 Transition i
0.08 | Laminar 2o0ne N,

flow I SEERACE
<

Fully rough zon:

0.05
0.04

0.03

0.02
0.015

0.01
0.008
0.006

0.004

).025

0.002

0.001
0.0008
0.0006

0.0004

Relative roughness, ,‘—)

0.02

).015

Smooth pipes
0.0002
0.0001

0.000,05
0.01

).009
).008

0.000,01
10° 2 3456 8100 2 3 456 810° 2 3456 810° 2 345681%\5‘4\5%\8103

Reynolds number, ke = 2V2. € 0,000,001 £ £0.000,005

Moody Graph (2% y= friction factor)

nto| = Or& 2 Reynolds number?t BH HA |2 ZF™EIC
EF oM = HET| FEo| eict.
oAM= HEY|7L SQHEICE

smooth pipe EY: LHEX|2F HET|TF o™ ZM0| of2fFR =2 2OIC}. = OHEO|
Reynolds numberd|2t o| =,

PS—*’!\’!‘

5. fully rough E<: 0tF 2 Reynolds number0f|A{= Op&0| @Z| ofo| HE V|20t A

HECt.

minor loss: 2t HZE [/ 7 S0 L2t M7= &4 of|LX]

pipe &7 MZMO] 2} minor loss coefficient E2HA!.
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Entrance Type Minor Loss Coefficient, K*

Reentrant J—‘ 0.78
Square-cdged - I_ 05
& D
Rounded ls + r/D | 0.02 [ 006 | =0.5
T e— K [ 028 | 015 [ 0.04
“Based on hy_= K(V*/2), where V is the mean velocity in the pipe.
o | i § A A
A7 2 o[HX] &84t H L
Loss Coefficients (K) for Gradual Contractions: Round and Rectangular Ducts
Included Angle, ¢, Degrees
AlJA, 10 15-40 50-60 9% 120 150 180
s Ay 0.50 0.05 0.05 0.06 0.12 0.18 0.24 0.26
T af 3 0.25 0.05 0.04 0.07 0.17 0.27 0.35 0.41
= 0.10 0.05 0.05 0.08 0.19 0.29 0.37 0.43

Note: Coefficients are based on by = K V3/2)

Y77t 0= M R=EA S0{SH ol X &7t HCH

Guide vanes

Separated
flow

\‘\
S

S

(a)

GuideE FH HEZ 7t ot WAM o|AX] £3H7t HLCf!

Pump, Fan, Blower

Rl &=, &5, 0| olHX] S7F

Flow Meter (orifice, nozzle, venturi)

(b)

16
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(. 2(p1—p2)
Q=0C-4 p(1-p54)

External Incompressible Viscous Flow

internal2 & o2 S2&= QHN|E ZICHH externaldlA e OF 2, H|3H 7| SHEH SM|Q| F=H

ful If
Hu
i)

0

—
SRCELERTE

(]

Fluid
particle | | 001 | e

I

I H >
L I Lt R el e N =

£

> 7 | 3
je————— Laminar boundary ! Turbulent boundary

Leading layer layor
edge
x=0

_ pUx
7

Re, Reerz ~ 500,000

lamniar®|A] turbulent=
X MAESHK U= F20| shear stressE 20} K7 EHE= £E20|Xt boundary layerd
71 RN £E£9| 99%7t &= X[HE7HX|7t boundary layer?| 7|&

o Displacement thickness (6*)
- ZAE =20 "RE0| E0E AMEH HOo|=" 57t FH

e Momentum thickness (8)
- 4A45 20| "2S20| Lot &AM =X|" LIEtL = FH|

O o
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o Disturbance (= boundary layer thickness, 6)
- XA FRS0| &S 2ot K7t Hot= ol A |

— o™
separation point: # 22X |47t ¢ O|& o= X 7t HE= X|H

22{0| O 7{X|:= (adverse pressure gradient® f) e I boundary layer®ll /= &
H7F @ =2 LE7LX| ot HOJ XLt = Flow Separation

'thR7t separation0i| T 25ttt 40| o 30 H7HX| of|H{X| MEO| & £|7| WiE. I cidl
OHEO| o M Oof|{X] &£40] & ALt

Drag

SH £0|M 2|9 "= utSFS Hbslst= ln
1

Fp = 1pV2CpA

Cp: Drag Coefficient (&, L&,

3H Z7|Me I8 = H2EX. 2o

« 1

V27t HIElSh= 0| R: O W=, & Z5tA| /A7t £5H5]7| =2

Drag Coefficient Data for Selected Objects (Re = 10%)

Object Diagram Cp(Re = 107)
Square prism I‘ - bih - 2.05
T bth = 1 1.05
R Wi
~ \\-\
N
™ W \‘/\Ej
- 0) 117
NS
Ring ”~ 1.20
= (o)
o))
. L
Hemisphere (open end s 1.42
facing flow) )
\J
Hemisphere (open end I 038
facing downstream) ,’\f'\
\x
C-section (open side /' 2.30
facing flow) =
Y,
”~ ~
C-section (open side - 1.20
facing downstream) («:,\_f_ ~
r TN

Based on ring arca

Sphere



AMESH HEfQI 2HHSE J10| i3l Drag Coefficient2t Seperation PointS A Zts 2 X},
o laminar™ 90X 0| A seperation 2
o turpulent™ O 7| seperation &

o Re7l XtO™ B7X| seperate=|X| &= creeping flow

o ReZt 3™ boundary layer?} laminar0f|A| turbulent= HO|&[11 drag”Zt ZA5t1
wake?} O}

Streamlining

o : 7.4d !

V— — t = thickness
1

‘ L]
-—WHgm—-
|

T T
10 = Re, = 4 % 10° -

U“O b

0.06 -

| Skin-friction
, 0.04 drag -

N

Drag
1 pV2 (Frontal area)
o
o
®©

Pressure drag

(.h .

| . . 1

- S

Lift

FH S50 25l "2e Wl +Eo = M= gl

Cp £0|1 Cf, =217|7t dX|L|0™E e =X

AR (Aspect Ratio) = &7 20| /| &

ARO| ZH ZE U7 ToflM LdsH= AR E 2ot o X[ &4 Q| H|E0| A8t C_L /
H

A
i g
C_D 7} 7tst=tl| 0|2 Fets| ZA| & += §lo] wingletS Edll 0| 2H|E 2L
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