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Learning Objectives in Ch.4

V

v discuss the differences between the Eulerian and Lagrangian

descriptions of fluid motion.
v identify various flow characteristics based on the velocity field.

v determine the streamline pattern and acceleration field given a
velocity field.

v discuss the differences between a system and control volume.

v apply the Reynolds transport theorem and the material derivative

AN
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Ch.4 Fluid kinematics

v Fluid kinematics(SHl 5%}

Fluid Mechanics
N
| Gas | | Liquids | | Statics | |Kinematics| | Dynamics |
] F=0 «Velocity field Z E=ma
Ch.1 Fluid property z - Lagrangian & Eulerial
. - Streamline . : :
« Density (p) Pressure (p)  etreakin Bernoulli equation
« Specific weight (y) + Total pressure(F,) ;\Pathlllne ; « Steady/Unsteady
. +Acceleration . Vi isci
« Specific gravity (S) Buoyancy(Fg) eomvetive (&) Viscous/Inviscid
. . ) . )
« Viscosity (1) Sfab'!'ty temporal (&) Lamlnar/TL'Jr.b.ulent
« Kinetic viscosity (v) *Relative equilibrium. Transformation « Compressibility
« Deformation
« Bulk modulu§ (KorE) +Rotation
« Surface tension (o) - System & CV
« Vapor pressure (p,) *RTT (Reynold transport theorem)

Generally, look for the pressure variation
in the rest fluid
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v Fluid kinematics (M 25%h
SR 250 |01l slg ol 11 |SHl XIS @S0HE NARTWH SISO 8 20b
SHIAXIC 2SHZ, 015, MEY, WY IS ZZhx,y, 2) X AZHHQ S+2 AL

v'"Motion of a Fluid Element=Translation+ Rotation+ Deformation (linear & angular)|
U

o O e O e P
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v'Components of a moving fluid particle (SN 25 A &) A 2H 2sLEl
[Eo—— Elementat 1y &1 R SABEE AHS)
\ T 012 IS PO 2
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4.1 The Velocity Field (ZTZh
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v New terminologies to illustrate fluid motion (A0} & MZ 2015)
+ Field representation(Z=& HH): SN KSHSE 32 XH (x,v,2) & HHSH A
- Velocity field(ZEH): SNAX EEE 32 TBA (x, v, 2) R A2kt S+2 BHSHA
« Eulerian method (222 2] o W) FOZIAIZIIM @ S& MHl XSS J1E Y2

+ Lagrangian method (2113 XI2t &&): AIZH et AL =N 28 T SHARDIS, E8AR)

+ 1D, 2D, 3D flow(1,2,3 XI¥ RS): RS &2 F4S UEHH= A
« Steady and unsteady flow(H4 ¥ HEA 5): AIZHI W2 59| B3t
« Streamline(841): ZOZX! AIZHIIM SHIUX £E0| HMS AL M
+ Streakline(RMM): U AIZHIIM MUK SO| AXIE AASH M
« Pathline(RXM): AIZHHl M2} M| HIHS AT M g

£

Material derivative(@& T8H): X FH(AIZHHIZIE) T8

Acceleration field JFEE&): local acc. (LIS E) + convective acc. (IHFIIEE)

Local acceleration(ZAIIET): SHILX 2SS A2k o e+=Z UEIYH JI5T
Convective acceleration(lFIIEE): RHIUXI 2S5 32Hx, y, )9 S+Z LEHH JIS5T
System(A|A8)): Lagrangian method (212 X| 0t WEHOZ HH T UM AN

« Control volume(CV, 2AHIA): Eulerian method (22 &{ 2|0t W) OF HFHTH LA AN

« Reynolds transport theorem(RTT, HlI0IEX 5 Hal): AIA S 0F HAMHIA ALO]Q] BigH AH|
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4.1 The Velocity Field (5T X}

v'Field representation of the flow (Ml 59 SS& HH)

M JIME SOl fMlE (AXH-AXh R (AX-F9)2 4B HES Ol SMAXZE 7Y

SH RSHTRE, U4, &5, JISE)E S HBIH (v, 2)2 RSP HY

012 SAI0 SSH+= AIZH U2t BigtolE =2 A2t (1) o gt+2 HY
v'Motion of the fluid particle (Ml 2XI 25)

SH XL AXNHKIHEH), 2SEE, NIE5T)2 32hx, v, 2) R A2 S22 HH Jis

' « S LAY, x, Y, 2 (32

« SRS [N ZE YL, 24F, B85, IBES)
p=pE %y 2), p=p{t x Y 2)
V=V(t, x, y,2), d=4(, X, Y, 2)

~N
I

T R IIST YEQ 42 BY
dr, Fl_ (12,2 2\V2
o V| =(u?+v2+w?)
k V =u(x, Y, z,Of +V(X, ¥, 2,t) ] + W(x, y, z,)K

=

1

<
Il

i a=a,(xy.zti+a,(xy,zt)j+a,(xy,z )k
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v'Field representation of velocity vector(&E HE|9] @S HH)

Ml 85 SUBEE, IIST, 248, 25, 2T 5)2 Mkt 32k, y )0 8=
V=V (xy,z,0)=u(xy, 2,0l +v(x,y, 2,0 j+ W(x,y, 2,0k

a=a(xy.zt)=a(xy.z i +a,(xy,z0)j+a,(xy.z DKk

O171M ZE(xY, 22 | Hl 2Xi0il et 2201 OrU 2t
EOILX Ol RSS2 UFAH M o0 &

S5, IEEMES) R o, 2 czdP)2 24 32 AU
SRS - F(field)2l IEO0 ZALI010F 2

v Concept of Field (%)l J14): M Z(Field)0l ZLOIXI?
(field, 2,)0] HO| : 32t Hu} ot 2|0 1H 1= (HSE I I 32+ H(field)0l2t S
3K 3210 ™ F DOl 2 A (xy2)0fl 22 FIIHSEIO0 AS [, ¥ DE Z0l2ta .
-AZEEZBUNOE JIINER (2R, Lk, A4H S0 2X)
-WEZ ZUAHOZE J)QA W0 BEX (BT, IIBE, ¥(EH) S0l 2%
H(field)2] WRY : S0 AL = MEHES LHEHHY] I0HME HoY(E)0l ER

4.1 The Velocity Field (&2
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4.1 The Velocity Field (5E2h

v Velocity field (5EZHE BH0l= 0] JHXI L

4.1.1: Eulerian method ¥ Lagrangian method : RSt HH WH(j| 1E 28
« Eulerian method (2 22{2| 9 WH): ZUZI AIZHIM RS2 JHl YXI2S TIE E2HAL)
« Lagrangian method (2} 1@ X| O ) A|ZH0l| [} LXEN 2T JlE S (c

4.1.2:1D, 2D, 3D flow (1, 2, 3 KI¥ RS) : AAEZHol L2 EF
« 1-Dimensional flow : & M20] 1XI&E(v=V(x))3ZHIIA BI3I0l= 8 S
« 2-Dimensional flow : & 20| 2K (V=V(x, y))SZIHIA Bi30l= S
- 3-Dimensional flow : & 20| 3XHH (V=V(x, y, 2))3ZHHIA BIB0l= RS

4.1.3: Steady and Unsteady flow (H& % HIEA 85) : AlIZHH LIE 27
« Steady flow : §T (= Sal2)01 AIZH0l T2} Biotol)] @1 Y-S LE (a/0r = 0)

- Unsteady flow : §5 (= S2I3)01 AlZH0ll W2t Bigtol= RS 0/0r
4.1.4: Streamline, Streakline, Pathline, Timeline: S dZ J|
- Streamline(R4) : FOHZ AIZIM SHAX S EHE HME
- Streakline(F M) : FOZI UM SHAXL S0 KIS HHSHM

« Pathline(RX M) : AIZHI| UF2t SMIXICl JIXE HAot M
« Timeline(AIZHM) : FH X QSR & WE B HAOI0] JIANHOZ LIEHH M
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v Velocity field (BT 2
In fluid dynamics the flow velocity, or velocity field, of a fluid is a vector field which
is used to mathematically describe the motion of a fluid.

V =V(&Y, 2D =u(x, Y, 2,0 +V(X, ¥, Z,t) J+W(x, ¥, Z,D)k
"""""" A0I0] FUZI AIZHt)0IA OHXl AHEIE 0]

FO N MM RS 32(flow field, x,y, 22 2E & 0IM

2t HM0ll HS0k= &S (velocity) 2EE UEHHD AS

— Velocity field (5T &)

20| @9 DRSS A M)
e - ZHE (x v, 20
IS S (B5)01 112 HSOHH BX
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4.1.1 Eulerian & Lagrangian method

v'Lagrangian & Eulerian description(@l 12Xl ¥ 228 J|&4H)
« Lagrangian description(B1 & X| J|&WH, = EAIZ)
ST FMAXIE WEDFHMAIZIERL THeh SHAXIC Sl HolsE BHHols U
Eulerian description(&2] J1& 8, &ZHAIXI)
FOIX ZLHAETE0M AIZHll et SHILXIe] SalE HgtE HYios Ul
E, F0A 32, y, 0 AZHDel e+=Z HBOl= U
) 2£5CZRH HELRE= A
« Lagrangian 2H:
ATt A Ol 2= ZSZEX 22 2 AIZHI M 25 £3
TN X 2EE T=TA()QU 201 AlZHSSZ AR
Eulerian SH:
O X0l 2% MM Xl 2 0l HOIM AIZH0l W2t 2= £
A2t H3L0l Wt OHE |SMILXEo HMAM)E XILA &
EE T=T(X, Yo, )2 201 DHE ZZHIM AZH2+Z BS

vE SN /S BAWH S 0{H A0 Mgt 2
+ M3} A Lagrangian W (Xt F=H %‘E)} Qmn
- SHIso] A: Eulerian HH (RSHE & L) M 2k
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4.1.1 Lagrangian viewpoint of fluid flow
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« Lagrangian description(@} & X| J|&%H)
the fluid motion is described by following individual fluid particles and noting how all relevant
fluid properties change as a function of time as seen by the fluid particle being “followed".

F=F(X Yo Zoo1) V)OI v, 1 EDIIE
"—’—\\_ T=T(X Yo Zot) /j\/ olnjoHH, 2= 01 0] &4t
°—%77: P=pX: Y01 20:t) Y e JVESEJI@EE AN

3 Ofl: AXIIBE: dx =x-x,
dF =dxi +dyj +dzk STHSHdv=V-V,

=l p=( Y, 2, -

Eulerian description(2@ 2] J|&4H)

the fluid motion is described by calculating all of the necessary properties (density, pressure,
velocity, etc.) as functions of space (“fixed" positions in X, y, z space) and time. The flow itself
is characterized by what happens at fixed points in space as fluid flows past these points.

ﬁ \7=\7(X, y,z,t)

DR ToT(y2Y) NNE S BEE o0/,
s P=pY.ZY) 258 5 ol: =25 y,2,9
p=pxYy,2t) : I, eE=aEeyy

y

071N x,y, 2= RSE WOl

I

4.1.1 Lagrangian viewpoint of fluid flow
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4.1.1 Lagrangian viewpoint of fluid flow

v Summary of Lagrangian viewpoint of fluid flow
) JJHQl SMILXE ZE2H0l S S XAS JIE (B20 St AIZDIE -|&Y)
iy DMKt 22 2HO| SASHA HAM A= U
jiiy 22180] UM Hl(closed system)Q} 22 I
iv) Newton's second low is directly applicable
E> Motion is describe using the differential equations(0I20HA)

xLagrangian equation 2| 0|0k= 2401 OFe

v Equations for differential analysis
xEHE0| 12 YHAS HoHFEHY

ou oV ow

Continuity eq.: 7+7+7:V_\7:0

X oy oz

ou ou au ou op 0

cpl —+tuU—+vV—+w— |=f, —— —+V-VV="Ff-V|
Momentum eq.: P(at x oy 62] T p[6t+ j\/ P

V2
Energy eq.: — +£+ z = Constant

29 7
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v Lagrangian viewpoint of the flow field
<HO|: QML 2SS SUL FUIAXIE WaIHH Newton HI2HAIE 0|2010] J|=0t= LY

) _dz
_ V v, =5 — A
v, o a VA (X, Yo 20,1)
~ dz
y u=—
v, o Oyly K dt
dt
t=t 2 M SELAKIC AKI: T, =T(X,, Y, Z,,1)(p = particle) WES XS]

o
T

N Ry, EPELLPTES
HYUXA £E 2V =V(xp,pr" AUSINES2IIE
- e R
t=t+dt 2 I QMK AXI: Ty oo =F (X, +dX, Y, +dy, 7, +dz,t+df)
MR &5 :\7p‘l:“ﬁ, :\7(xp +dx,y, +dy,z, +dz,t+dt)

- 28 20} (Application of Lagrangian viewpoint of the flow field)

sl Z22 Aol X AE J|Sot=0l M (AZH WE JIS)

Ol: A£EZ &&XI0| 94X, 8730 SHY, TEHO| YA, 0230 HIN, AN AT HIY

(Note: RHI=E HEH 0122 S2S SMAX F=H0| 0{H 1, 42 AES N JI= = 8l
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4.1.1 Eulerian viewpoint of fluid flow

v Eulerian viewpoint of the flow field
< ZOL: AR #1201 S AIZH RS SAZANA) W 02 43St ZE SZAH)SE
Silloh= ME OE /Ml 2Xiel 88 X SIS JIE (52 RHANE FXOHI B3

il = |
= — = vy

B a5
C = =

E |

\ ’
ZAIE XHA(xy) SUS(SE, 49, 25 S)
@AABA) vV -V(xy,21), p=p(xy.2

(Volvo wind tunnel test facility)

—
=

« 2250} (Application of Eulerian viewpoint of the flow field )
FOZ 3ZHUO AR SHILXIC SEAUB(EE, LT, 2 )S SHCHAIZKARRIES HEHol
MZE 0l o 2= L (2 Mol SHAX SEE SAI0 ZZ0HH £ (Velocity field)q

0: S, U552 SHOIE, UZE BB (webcam)liIM 2 S HE S
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4.1.1 Eulerian viewpoint of fluid flow
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v Summary of Eulerian viewpoint of fluid flow

) FHIYXD SSHASH) SZHAAMA)Q SEe HOFE ZHHAM F0E
MZHAIESE HED)0IM SRR 2SEr 248, 25, 2= S SdFHE =

i) SLEBUM SHLXIC SUZS SAl SH: 0) ST (Velocity field) S &S
CRM XL 28 tHAjol Hgt

i) Z4eto] JH L Hl(open system)QA 22 JHE

iv) Integrating description is needed instead of Newton's second

|:> Concept of control volume is introduced (K £ 0141)

4.1.21D,2D, 3D flow (1,2, 3 XI¥ 85)

v Equations for control volume analysis @+@+@:O

- Dm_90 o B
Continuity eq..ﬁ—aj‘w pdV +Ls pV dA p[—+u&+v—+w6—j, =2

Momentumeq.: F = gj.cv Vdv +J.CS\7(p\7 . dA)

Energy eq.: % = g.[cv pedV + Ics e(p\7 . dA)
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v 8Hl 852 32Hx,y,2) 1t AZk1)O] Bt=(Flow as a function of space & time)
V =V(st)=V(xY,z1)
=u(x, Y, Z,Of +V(X, Y, Z,t) ] +W(X, ¥, 2, )k
v SHl 859 2 (Classification of Fluid flow): AIZkt), 22ks), X1, HEH
1) M2kttt B2 AXI(s(x, ¥, 2))

(1) MA YL E (steady and uniform flow) AZHSER: MA HIEA
(2) HIBA Y S (unsteady and uniform flow) Zzi e A 2R
(3) BA E3Y ]S (steady and non-uniform flow)
(4) HIEA 2L QS (unsteady and non-uniform flow)
2) XF(Dimension) (x, Y, 2)
(1) 1XI¥ /S (1-Dimensional flow)
(2) 2XI¥ /'S (2-Dimensional flow) Turbulent
(3) 3XIY¥ 85 (3-Dimensional flow) _\/6\53 7«/-::;\/\,
3) "Hi(structure) Laminar
(1) ZF(Laminar flow) 3—";'?
e e

(2) Y& (Turbulent flow)

4.1.21D,2D, 3D flow (1,2, 3 Xl 85)

= > >
Fluid Engineering Lab., Jeonbuk National University iiil

)
vEUEROl Xl 52 A2t dt 3K 3Zk(x.y,2)2] 8=(3-dimensional flow)

J2U B2 3R IHEE TA0I0 Y-S |AIOIHA 1AH X 2K RS22 H=dt

(1) 1XH¥ RS (One-dimensional Flow):
SISHOI| CHSH ZEEQL AIZE S22 Hadl DM WIS E ME 3R
N0, N o, Mo 5V V(s =Vt x) =u(t, i
oy oz
(2) 2XI¥ 85 (Two-dimensional Flow):
SSS F U0 (S ZHEQL AIZH 22 Thadl BIA0 RS, BHSKS

v 5 oV

&¢0, %#0, E—Z=O — V =V(t,s)=V(t,x,y)=u(t,x, y)i +v(t,x,y)]

(3) 3XI¥ 85 (Three-dimensional Flow):
SSS M S0 e ZEL AIZE 82 Had) S8k 3719 2 8 MRRIM) S
N N 0

= #0, = =0, Evio >V =V(t,x,y,2)=u(t, X, y, 2)i +V({t, X, ¥, 2) ] +W(t, X, ¥, 2)K

ox oy
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4.1.3 Steady and Unsteady flow

v Steady(™ &, d/0t=0) and Unsteady(HI& A, /0 #0) flow : AIZH]| S WK

Steady flow(B&RS): S FOHX HOIM St AIZHN W HIOHK] B= /RS
Unsteady flow(HIZ& |): SItAIZH et MRkol=s KS(FI1, HIFI), FEM RS S)
Steady Unsteady

—
v T N
p S p
B Bl B
o — ==C » f\
T = ?’ g TIA
- time(t) Tge ~ time(t)
%:0 0 OE¢O
\7 :\7()(' Y, Z) % 0 = ENECE \7 :\7()(, Y, Z,t)
T=T(x,y,z T T=T(x,y,zt
(xy,2) N (xy.2,1)
p=p(xY.2) o p=p(xy,z1)
14 :p(X, Y, Z) °c 0 = N p=p(X, y,Z,t)

5)
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4.1.3 Steady and Unsteady flow
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v Uniform and Non-uniform flows : 2Zt A X0l [ £ 5 B9}

SNy
[ N\\.‘\\\ S =
e

s

s
[

(a) Uniform flow
aou (locally uniform flow)

os

(b) Non-Uniform flow

v What is the difference?
+ ZYURS (uniform flow)
(BUM SEc 3o ze 371
« AUBAQE (uniformly distributed flow)
(OOl £ 22 )|

HURE EFAUFS(nonuniform)

4.1.3 Steady and Unsteady flow
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4.1.4 Streamline, Streakline, Pathline
1) Streamlines (§) (&ZtAIZR)

Euler #YOE RETE HUP A2 Z A2/0| =ZHIIM MM FSZ0IM St S M0 AXIOH
-1

TS o —
EZE SMAXIY £ WEDH D MOIM 12 HMLS 2XI0HIE 2T Ok J4.
FZ AN =2 AT FOHX AR S IS ARIS M0 28 = AS
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v NZhodt 32 AR Gs(x, y, )0l HE ]S #&
(1) & I R (Steady and Uniform Flow) N v
S501 AIZE] Z1t0ll HIRL0] SZHAOIA L |$ a =0, —=0

ex) HEZE(| LW U RS

(2) HIZ A 2 S (Unsteady and Uniform Flow)
K01 AIZH0l W2t HStoIXI O BZHANME LH
ex) HHA 0] LEH XM HOIM J12450] L

O ZE AXIM SAI0 S22 2y

¢%\7¢0, N _g

(3) A @8 |5 (Steady and Nonuniform Flow)
A2 AMZH #AHIA0I LH, UL FOX FAWM TE HUIM R
£t S0 LHISO0| SO B= B oV oV
ex) 0| AHOIX| %2 B2 MRS ¢ E =0, g #0

(4) HIEA BT Y 85 (Unsteady and Nonuniform Flow) o o
501 AIZH0l Wat #1%}, 32 X0 Wt 213t — #0

75 -
ex) SHEIX0| LHOIX| 42 O SSUIM J2s0I U2 ' O 0s
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4.1.4 Streamline, Streakline, Pathline

v'Stream tube(Sa)
0|R0t= fMO R2. fMO AES = olL9 &2 JHaE &

v'Stream filament(SAh

0| HHX(] X0t LHE SUSO SIS FAIE = AS BEZ X2 ER

Stream tube
Streamline —‘7/,\
Stream surface .

=

N Flow

(Dymariow

Solid blue lines and broken grey lines represent the streamlines. The red arrows show the direction and
maghnitude of the flow velocity. These arrows are tangential to the streamline. The group of streamlines enclose
the green curves (C, and C,) to form a stream surface.
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4.1.4 Streamline, Streakline, Pathline

v Mathematical description of streamlines (S219] =8t )

p
Consider two dimensional incompressible flow
Streamline : lines tangent to the instantaneous velocity vector at every point

dy v dx dy
=/ = 5 —=—
E> dx}sﬂeamline u u

Vv
= Don’t
Velocity and velocity component along a streamline FORGET!
P
ou v e
Continuity eq.: —+— =0 (2-D flow) —
ox_ oy
A J
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4.1.4 Streamline, Streakline, Pathline

v Mathematical description of streaklines (SMAI0] £=8tX T H)

Consider two dimensional incompressible flow
At first, we should calculate the pathline of a particle issuing from a source point

Xpanicle (t) = X(t' XOI yO’ ZO)’ ypanicle (t) = y(t’ XO! yOI ZO)

Then, we should calculate the streakline of lots of particles

Xstreakline (t) = X(t' XO’ yO’ ZO)’ ystreakline (t) = y(t, XO’ in ZO)

Fluid Engineering Lab., Jeonbuk National University @
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4.1.4 Streamline, Streakline, Pathline

2) Streaklines (M M) (ZZHIRI)
FO01Z1 AIZ 01Kl B2Hato] MSE SIME M AXHSOl BHESI0 J29XI= M
SST U FOX AKIE AM XU BAIE UXSS =N A B 2 + AUS
HAMQ S (steady flow)0] B SMM(streakline)lt §M(streamline)2 0] LX| g
Ofl) ot HOIM AT E SSH HSHOZ BESAZ I 3t £)|0 ABI0IR= M

¢ laminar 74- transilional*lt turbulent +|

Dye steadily injected into the fluid at a fixed point extends along a streakline.

These can be thought of as a "recording" of the path a fluid element in the flow takes
over a certain period. The direction the path takes will be determined by the
streamlines of the fluid at each moment in time.

Fluid Engineering Lab., Jeonbuk National University @

4.1.4 Streamline, Streakline, Pathline

3) Pathlines (&) (=E A, AIZVIS)
Lagrange JHHOl MOZ, Q1| AXPIE ot HOIM CI12 HOZ S8 [ T0IX SHAXIL] MY
SHUAKIC| SXIYS YHAIZH ES SOI0] AIIS 0| 22 5 US
HAQS0| ZQ QMM QUM QM2 MZ Heto| K|,

0ll) S22l SES JIE01)| A0 &2 ZHHHE HUAM 01 SH Sl Jh=Xl HESHT.
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4.1.4 Streamline, Streakline, Pathline

4.1.4 Streamline, Streakline, Pathline
v Mathematical description of pathlines (R 0] £3tX HH) 4) Timeline (AIZH)
- - - - - the lines formed by a set of fluid particles that were marked at a previous instant in
Consider two dimensional incompressible flow time, creating a line or a curve that is displaced in time as the particles move.
Instantaneous position of a particle in space can be described as FOZ =ZHfl ME B0l Xt M
dx dy
x=x,(t), y=Y,(t) E>cT =u(xy,t), — =V(x,Y,t)
: Paiele Bariele oaniny i e
N Tayers core flow merge v =0atwall]
A [ -V
~ I \ RT i ., "
- O e
dz - —_—
_ — P |————— Ar |
: VAN 06 Yo 2o,) [l o, R L
dz Velocity Profile of Fluid inaPipe(\aminarF\nw)c a . vin=v, FF)
dx 7 =viscasity Velosity profile
Ay dx =40
v dy dy dt
dt
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4.1.4 Streamline, Streakline, Pathline
v’ Summary
v'Streamline (§M) . .
-
_ 01010] 2240l Z24A10] B EHOIA 4.2 The Acceleration Field
Uniform ;
Riode | QEUWSIO| MG B A (Euler W) JIET Al
Mow Napping . - o
g v Streakline (F4M)
2A0|9] &=ZHj| 32 F0| B2
- SHAXE MZ AT M (Euler L) az dv
point vPathline (M) df  v+dv aav
———— Streaniline AlZH B St ot IHel AP XLk B2 \
————— Pathline
) (Lagrange W) dr v
v Timeline (AIZIM) e mdr
0|0] 2210l B2HA0| FRAIE ATt N =
Field lines differ only when the flow changes with time: when the flow is not steady. r//r+dr
In steady flow (when the velocity vector-field does not change with time),
the streamlines, pathlines, and streaklines coincide.
HAQ S| B2 (steady state flow) : streamline = streakline = pathline
Fluid Engineering Lab., Jeonbuk National University @
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4.2 The Acceleration Field OIS5E &) 4 2.1 Material derivative (28 T$)
v SHIXIe 258 JI=0t= F K| 2y EF T84 (Material derivative)?] =2
- Lagrangian method : 24240] S| Xt LSS AIZI0l T2} M (S AXHE B -Eg: tHZ: QM IS EE FOR AT SO AIZHIBAEE Lagrangian method § 018
- Eulerian method: FOI&! AIZHl 32tA0] IME & KL= M [1E SHAXIE B3 EH0Hs 2001 J12. J2L QMUK ST 32400 D12 HS010] JISEE 2
a i Xl= m [-11:;] HHH
/% UYL 25 IS L 42 F=ma S Q140 SUD! B BR) 5 24 9 SO0/ 2N e O BASOARIHSE BT SRAATEE
- Lagrangian method : JISE8 A2t S+ HH a=af)
+ Eulerian method: JISEE AIZHl B2t0] 42 BH a=a(t, X, Y, 2) v 28 T2 (Material derivative)?] |

+ SAXIHE] Hu XA (x, y, 2) BH: 0] pointer 4

ool £ 0| MO|Q} Uil QO - .
v SRR JESE0 #ol9t °d Fu(t) = X, OF + Y, () ] + 2, OK

dv _ av(t,x,y,z)

« JISE0 MO MUKt £ 50| AIZHHBIE a = ‘ Vilta
At dt Pt i e [ A b_EHol snax ang
) - N vl ) HE0E 012 B
- QUK JISE 2 QO Hethod | Serian (& W 0@ 6 2) = i o171 A0 N o
. = ac s ZF | o
1) HIZARS(unsteady flow) : g.’_vgﬂ ZO0IA F0IM S8 AIZH0N W2t It OZ I * VaT BASIS R A% QS Al 4N 8
2) B2 (non-uniform flow) : BZHL0| Bt MM [I2 HOZ S2MA| £ TI} HSI0H0] L4 e Va =Va(fa ) =Va(Xa (1), Ya®), 2, (1), 1)
0il) &= (contraction) X ZHE (diffusen 8 H= UZ SSS M2 E Xt i
R oty QB RS, NAUM S V.00 S0t & [f 22 - 8,2 BAIEIS AT} AQ| JIAEE SE0| AIZHISISE AIZHIL SIXIO) &5
— ﬂ 232 25:x, NH0IAM S5 v,01 HSIOH REAE P
== B2 AT x—x,2 BISHSI0N TF2t 2y a, = Va - Var iy v ().2, ()t
= ‘ (BASSNIM 23 S5Y 29 JAE B A dt dt [ 0,9,0,2,0.1]
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- - - = xl A I
4.2.1 Material derivative (& T 8t4) 4.2.1 Material derivative (B3 T8l%)
o1jlol I Al © F = ol 4238 A 0lO X = A
L/ dV 2 [0 (0, Ya(0, 2400, @XHA2 S 2104 B2 ChA2 B2 SUATE A Ut A2 RST U 2= ATHIH M8 = YO HILAE £
dt (Lagrangian method & Eulerian method @} 21 A= MECE IR =)
Al 3219 E}“‘* et==0l St MO| 2 total derivative)S FOHH, av v N N N dx dy dz
o g a(t)f— —HU—+V—+W— |[U=—,V=—T, W=—o
=V [x (®), yA(t) 2,(0).t] w2 ot ox oy oz dt dt’ dt
dt 7 A
_ VA (ngygyzuxt) = = =
oV, = Vo g+ Mo gy, + Vo gy, + Moy, . X,y 2 42 B2 B0 (81 28
a ay a dx a —a—u+ua—u+va—u+wa—u & 0] y HFSE M Et
%:L\&+%%+%%+%& wli & T w A e oy o OEEEEEES)
dt A ox, dt ay, dt oz, dt V=g oY N N o
ayza*'ua*'V@*'Wa OS5 a0ly et 88
SHIXLAC £ HE Sk AIZHH &2 SHIS s MAER
sH IIAJA Eog Oil TH {I ﬂ%?l 2t AE200 U IS Tk MAZRH owow ow ow
a0, Va b OVt oV, BT T Ty g e e
A ot ax dt oy, dt &z, dt
_, A v, iy, Ya gy Vi (UA dx, = dy, WA:%‘)
ot tox, oy, o1, dt dt dt
Fluid Engineering Lab., Jeonbuk National University @ Fluid Engineering Lab., Jeonbuk National University @




4.2.1 Material derivative (& E8t)
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a(t):dvzal+u6l 6l+ 67V[ dx dy dzj
dt ot d

+Vv w u=—,v=
X oy oz dt t

0
SRS 1SS 20| O] A0l ME2 HUTHE B2 +)E T

V =uf +Vj +wk
D 0l 0 0 ol
7ét):%+u%+v%+wg(§’é'5‘él¢) v:%h%hg
290,205,920
=%)+(\7‘v)( )(ERESS0| WE BY) VO=ot gy I K

(V-V)():u 8f )+V&+W06()
GI7IM LHEXED()/ Dt B ALROH0] HHIOLS 018: oy
FSEUM 250l S E U XK(material particle)& FX{0tl=s S BT=YTE 200 e
« 2 T8 (material derivative) E£= SR 0|2
« AE T8k (substantial derivative) F£= AE0|2

« OIX} T8t (particle derivative) = AXIOIE Ol2td T B 20
S T2 A o0l

AXHE FH(Lagrange)OtHA] THESH AIZHIIR2] EulerX B30l 2k= 01T
01 oJ0I0IM Euler OI20I2t0E £E

4.2.1 Material derivative (& £ 8t)
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. . . = AL
4.2.1 Material derivative (& T8)
7 RS U SN B B
SHAXCAIIEEE SSE U 0T XXM I ATESZ(EH EUMM £E0] AIZHH3EE) %
Xt ZZt B0l WE HF IS (ST AXI0 WE BIgHE)0] 20l SHEIN AS.

Lagrangian Eulerian View Point
—~2 = ~ = = OI2 HA0IM
= DV ov oV oV ov Lagrangian description i
a= ot a +U&+VE+WE Eulerian description Q&
—— - 7 @ HRIF=EEX
Local change Convective change
AL IBE (Ll e
(N2 Egt) (BL TR
y (HIZ& =21l (EJL /s g1l
4 4 ad

v'Lagrange(E&) 0|2 - Euler 012
I DV

X v

EASAVAR vAY/
N _ S ot
v OIJIM 0K JISEE 018 BB WAL D F,=m,a, > > F=ma
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=
FHIR AL S2T+E 018% HY

sV NNV (uidx dy dz]

= U—+V—+W— |U=—7,V=—P, W=—"
d ot  ox oy oz dt t dt
= o = - = e - N
- Dv ov oV oV oV V =ui+Vj+wk
alt)=—=—+U—+V—+W— 0 5. o
Dt o ~ox oy @ V="i+—j+—k
N o oy
7E+(v-v)v:—+v-vv Voveu v o
x oy
a o, ou V‘iu+ ou @-V)V u v wY
et oy @ o a
S N NV N
a, @+u—+v@+ v VV:6—|+—J+8—k
ot ox oy x oy z
- oV oV ov
a, M O O VW Yy
ot OX oy oz (N J

Lagrangian Eulerian View Point
— o —
~ | DV ov - - N - -
a= - + Vv)V =Z4v.w
Dt ——— Ot
—_— —— Convectivechange
Total Local change

\

vERAEZY IBE VHE JISE

(substantial acceleration) (local acceleration) (convective acceleration)

VEE®) ISR

UXIE Wat =t AEFM AlZH) @2 SSX W AKXl 02
AIZOIZ(ER 018) S8R ZZHAHE=YS) SEBYL ZYEU=YT)
Lagrangian derivative HEA QS gt EdJY RS EX g1l

Don't
£ FORGET!
% O
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. - . = AL
4.2.1 Material derivative (B& T8%)
v Steady accelerating flow in anozzle (B&a3S £ W M JI5
Steady flow Spatial velocity change Total acceleration
N - vV
—=0 V-VV #0 av #0
high-speed flow dt
> 7 -
S
Iy ¥
e e
SN
low-speed flow o
ROl WS O HHX ZAZ 01 SIS URIISE EM
20| #BI0I0] ST} ¥IBL: &ZOIKE =N
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4.2.2 Unsteady effect (HI8 & @1h

vHIRA S (unsteady flow)0fIM 2A IS T (local acc.) 24l

Lagrangian Eulerian View Point
> = . -
~_ DV ov ov oV N N
d= — = — HU—HV—FtW—=—FV .V
Dt at x oy a at
——
Local change Convective change
L IEE L] s
A E8) (BUEED)
(HIZ & g1 (EZL RS AL
o) HIZ & ZLFS(unsteady flow)Q] Z: HHE0] LHYS BZOAM JIAS0| Y & 32
a D o
ota Y 'y
=0
N _av,;
ot ot
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4.2.1 Material derivative (B& T&%)

vE& T8 (Material derivative)E IE Ml 93 B0 M

SIAUIM FO0IZ FSI BHE 2 T=T(x, v, z, ) 0lIA

T AL ALl 25 (T AlZHERIE2 TS 20| B & = AS
dT, 2T, | aT, dx, 0T, dy, | T, dz,
dt ot é’x dt oy dt oz dt

:%+UA6TA+ aT, W@

ot OX 5’y oz

AL ALl 25 (TH0l AIZHHRIE2 S T+ 0|S010 HYE = AS
DT aT+ oT ﬂ ﬂ,ﬁT+<\, V)T ﬂ+ vV.vT
Dt ot 8)( oy oz ot
012t FAIOHH R SZ0IM &S p, 2 p, MWK eJ AlZHgtES 23 TUSE HY ks
@:6p @+v—+w0—p76p (\/ ) +V -Vp
Dt ot ox oy
%:a—p+ua—p+va—p+wﬂza—p+(\7-v ﬁp+v -Vp
Dt ot ox oy oz ot ot
De ode oe oe oe oe

= +u—+v—+w—:—+(\7<v)e:@+\7-Ve
Dt ot ox oy e & at
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4.2.3 Convective effect (IHE &1}

vEZIY = (non-uniform flow)WIM HE I S (convective acc.) EHAl

Lagrangian Eulerian View Point
—_= = ~ =
~_ DV ov o oV N N
d= — = — HU—HV—FtW—=—V .V
Dt ot X oy oz ot
il

Local change Convective change
24 IBE WS IS
(Al?l EGIT) (-T.l?l EGIA)
HIZY g (2L s 8l

Ol) B4 82 QS (unsteady flow)2] ZQ: HHE 0] HILOH= LZ0IM JHAS0] 1S H2

Fluid Engineering Lab., Jeonbuk National University @
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4.3 Control Volume and System

(ZALRHIZ I A A EL)
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4.3 Control Volume and System
VA 25 A0 2o M wHer
< AAEH M3 9 (System approach) : THISISHOll O X gt
- Zost A SASM0IM ALE0l= XK EMI T2t 201 EMIAAE)E FE{0l= Ul

- ZAHIA M2 W (Control volume approach) : SHISH|| O X3t

I FHIZXHE FHO0k= Y |HIEEH FHE S& W EMI0] &80t= &

IIIO

S o= 2101 =5

LT
Ol) 2 A - E50| AT /S PO AR SA LEot= F=H0j 2a 0
vAIE (Control volume)9] &

« 0 HAHIH (fixed control volume)
- 015 HAHHIA (moving control volume): QA< & (AL, £ T BISHH| A

« MY HAHIA (deforming control volume)

1 0 - P iﬁa

[ System at time 1 ] ystem attime 1, > 1,

M Figure 4.10  Typical control volumes: (a) fixed control volume, (b) fixed or moving control volume,

(¢} deforming control volume.
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2022-03-03

4.3 Control Volume and System

VRN 282 LHACZE AR} E JI= SCIYZI00 XItHE (XItH 2l

« Continuity equation (Ei.“é”g‘—‘l HEHE WA
*NewtonQ| 2FHA: MY X AR2SZY DEYE], Euler 2 LA, Navier-Stokes 254

+OIUXIEZ /A Bernoulli equation, 23} Kl 1E%], ot Hl 2HX(NEZL SIHEE)
« X HIAL Newton’s viscous law, 0| )| M| AEHLEA S
vt SEAS M0 HE0I= M2 Y
M*E‘" 2 WY (System approach)

HE ZHIS O SR AN (LY O ST HO| tl= AI2H XS M8

: "'%‘(mass). AAH 27 S1t e 5 S AAMS HZ0 HOH 20 (closed) AS).
- il Xl(energy): AIAH HH| St & &+ AS.

- AAHIE M2 W (Control volume approach)
c BUAU LS M GHILBAHIE S0 S5)2F FOIT= HAIZ O XIHH L= A
: B3 (mass) R MUKV BHIE S = ASEAMAE S 2Z0)| (HOH L (opened) AS

/" Surroundin ;\ Yo 7"\ [
{ Lrroundings ) "‘ : " \‘.

\ | \ :‘ | |
7> ) > /‘n 4
oy Sy Oy

(a) Open(control volume)  (b) Closed (System) (c) Isolated

HEX Al XiQ
NS,

Fluid Engineering Lab., Jeonbuk National University @

4.3 Control Volume and System

v A A Bl (system)dt 2 AHI& (Control volume)Q| Hinl

Control volume

Analysis System

View point Lagrangian method Eulerian method
Definition Matter(ZH W 2&) Space(J|01eHd 82h

Application Mechanics of rigid body Fluid mechanics
Transfer Mass (No), Energy (OK) Mass (OK), Energy (OK)

@JrﬂJr@:v,\]:o ) aJ‘Cvpdv+.[ PV dA

Continuity eq. oy &
0 7 o\ Gl = B
Momentum eq. V(5+V'V}/= f-Vp F:?jcvdev +ICSV(pV»dA)
v? DE 8
Energy eq. 5+$+ z = Constant o pedV +J' e(pv dA)

/TIZNT BE0 QM 95 He NHLA
- OISOl O XStor AJAH M3 W (System approach) OF J|&H WHAS IS
- MEN HAHIN M2 SHOoZ 2HE UEMAIS X

«Reynolds transport Theorem(@l0ISE =& a)ill Z2 (AN TR TR

E| FoHME XIS A S MEo FE = HHR0{0F &

Fluid Engineering Lab., Jeonbuk National University @
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4.4 The Reynolds Transport Theorem
Hol=E +=54ddl)

Fluid Engineering Lab., Jeonbuk National University El

4.4 The Reynolds Transport Theorem

vEel|™ W9| ZFE(extensive) A&} Z&H(intensive) d&
‘RS oE SN U 55 18K, 28 25, 25, 288 S

SdaT s
-019 22 EAIN B Bl HYY YO HA Ik

Bemb — b= 7{8: Z 3 MA (extensive property), 20 2 HlYl /‘
b: ZHAX MA (intensive property), 20| S
EEES B (ZH 87 b (BYH 4)
ag m 1 ’
HARSY mv \Y
U428 rxmy rxVv
N (W2)mv2 (W2)v2
[UIEDN E e

VENZ =ZH| AIAE0] ¥ 2011 = S M (extensive) AE9|
B, =bm= fim 35 (p¥) [, oo
dg,, ¢ (Lyspbdv) _, dBy _ d (fcv pbd\*) RTT: AIAGITL ZIAHIR AOIQ] S
at  dt at Ao| AZIHatE BHS o)

Fluid Engineering Lab., Jeonbuk National University @

2022-03-03

4.4 The Reynolds Transport Theorem

vReynolds Transport Theorem (RTT) (HI0I&EE $5Ha))

AAEDHEEFE0E Sl 22HS AN HEGEON M) 2 HEATH= AN =3
«Lagrangian descriptioni Eulerian description@ 2 el F= WM Y T3
-DIS0HA0l 2ReH =R E2 T8 (0101 3% ¥S

« HE0HA 0 RS T : Reynolds Transport Theorem(RTT)

| The Material Derivative is used to transform from Lagrangian to ‘

Eulerian descriptions for Differential Analysis
1]

Eulerian

Lagrangian BT vy w e an
escription

Description
Differential Analysis

Integral Analysis
Control

Volume
Analysis

System
Analysis

T
| The Reynolds transport theorem (RTT) is used to transform from

system to control volume for Integral Anlaysis

Fluid Engineering Lab., Jeonbuk National University El

4.4.1 Reynolds F58d 8%

v'Reynolds Transport Theorem (RTT) 8%
<HEWAUM A2 IE)E FAMH G2 Hot= 1Hd: 0IZ0HAMC SETS+A |
<1XH RS0l Mg HBPEE MX HEOH sAIY(LHX0 HP) RSO 2% Silt

v1XFE S0l (43t Reynolds Transport Theorem (RTT)
C1IXIRRS: Y R /S HUHAIM £ = U 2| SAUE2 JURT (I

=
w
e
o
)

S (1)0IM ot SO S8 (2)0IM ot SO s Socv ()8 SO stSocv(2E
St QUB M cv=sSystem FHRIEZMH
N

SH Xt 0IsHE 2% &% IS HE

==r1

{1

— —— Fixed control surface and system a2  HAMHA gF ANAH (t+ot)

boundary at time ¢ Al (32t 0¥) A (32H0IS)

— —— System boundary at time 7 + 51 1 HHLE) @ [CER=E))

AlzZht e A" HAKRIE Ol ME 2XI(SYS = Control volume)
M2t t+ot 2 UH: AN S 32400l 13

MNAHI2 QEXOZ (S (SYS=CV -1+ 1) AIAHE HAHHSE Eg

=5=

Fluid Engineering Lab., Jeonbuk National University
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4.4.1 Reynolds £&4
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£Ho
2 [H

B & AIAH ZZBi2ta] OFH (AIA®DE cv WOl A= 3 ) - B
t=t: B (t) =By () ' I
t=t+5t: B (t+5t)=(CV-1)+1l o

j
]
|
|
|
)
|
]

sys -

)
=(By (t+0t) =B, (t+41))+B, (t+ot) ~ SYS=CV-I+1l

ot AIZH SOt AIAE LY BO| HIR1E(0B,, )2 = FH BIDHE (0B, ot)S HILHOHH,
OBy B, (t+3)-B,.()
ot ot
_ By (t+6t)-B, (t+0t)+B, (t+5t) - B, ()
N st
_ B (t+6t) =B, (t+5t)+B, (t+5t)-B, ()
N st
_ B, (t+4t)— B, (t) _ B, (t+ot) + B, (t+4t)
ot ot ot

4.4.1 Reynolds F538dl 8%
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4.4.1 Reynolds F58el 8%

« DIABE @A)l $=Z18 S WE{(Normal unit vector(n))Q| S ZH

0 v v V‘
Flow == = > = ] > X
V

n . n \Y
Control surface{dA, Control volume [dA,

n

dQ=V-dA=V -fdA= N‘\ﬁ\cos&dA: Mcos@dA
dm :p\i-dA:pV-ﬁdA:pNHﬁ\cosadA:pN

(+) : Outflow (%)
0<90°, cos0>0 (outflow) @ 1+, < (5): Inflow (S€)
6>90°, cosé <0 (inflow) /\V‘\

0=90°, cosd >0 (noflow)

o
Outflow Inflow v
0 <90 6> 90
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5Bsy5:Bcv(t+5t)—Bcv(t)7B,(t+6t)+B,,(t+6t) - i

st t t st ' |
It 9 2 20fl ot — 0 2] IPHE FOIH S j
2
m5Bsy3:DBsys:(§,é,Eg,¢) SYS=CV—1+Il
-0 St Dt
6(_[ bd\IL) i /“é\f":AﬁIz:AZVzé‘t
lim B (D) —Bo, () _ B, _ ey ” [ oeummzszEss
50 St at at L, EeMEE s
’ B
b==
||m Bl (t+5t) = ||m (p1b1)(5v|) = ||m (plbl)(/\v1§t) - P1A1V1bl = Bin m
S5t—0 ot 5t>0 ot S5t-0 ot
lim Bu (t +5t) =lim (pzbz)(é\fu) =lim (pzbz)(szzgt) — p2A2V2b2 — Bout
5t—>0 ot 5t->0 ot t—>0 ot
DB, OB 3 q OB, o
sys _ OBy _ OBy 1KY S S0l st
Dt at B, + By = at PAVID + p, AV,b, Reynolds 248
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4.4.1 Reynolds M2 8%

V3K S5 X2l )0l 1B Reynolds Transport Theorem (RTT)

SO cv()E t=t 0l ot Socv()E
St KA MH Ccv=system TH FSZHH

1XH /S0l et

Reynolds &3Ha|

Sy, DB .
\ |75yS = Py -B,+By
J Dt ot

y «1Xt¥ RS Reynolds &5 3d] IS ARE & H
R ovtton NRYAXFEWIIINY -0y .57
>‘\ 2) ZH LM S5 FX - HARY e

3) 2 QHIM R¥2 2L - EdL EX

o o os  urm oy " H AN BEE YO B,
e @aam Ane @0 - LEH 9 S 2E 2ol 29T okt
1 *HHELEYE) (2 Uy

Fluid Engineering Lab., Jeonbuk National University @

14



2022-03-03

AN AL AL
4.4.1 Reynolds F58dl F% 4.4.1 Reynolds £&XM2| 8%
+ B, AAHHIHCZREH SHIAE O HOIRE (et flow)E 20l : CS,, S ST R * B, : AHIZSZREH SN E 8o HOIRY (et flow)E 20| : s, & S FY
ah; =SIN
N —— By =], dB,= —jcsm bV cos 9dA = — jcsm bpV -AdA = — jcsm bpV -dA
V=61, xSA=5lcos@x SA=V StcosOx SA « —B, +B,, HIAL ZHAIH MHIE SO M| S (net flow)
5B =8bm = bpd¥- = bp(V cosdst)S A BM:LS bV AﬁdA:J‘CS boV -dA _
.. bpd¥- . bp(V cosOSt)SA . S . LT
0By, = lim === = lim = =bpV cosO5A B, =~ bV MdA=—[_ boV-dA 7% M

Bou = LS dB,, = ICSM bV cos6dA = jcsm bV - fidA

out

B, 4B, = 7(7 [l bAV- ﬁdA)+Lsm bV -1idA= [_bpV - ridA

= [, boV -dA VA=V -dA=V cos gdA -BE A ZIHE SOFH 3R Reynolds £&H2RTT)IH LI
B B DB, 0B . . 0 7 o= 3X1ed S0 et
B=mb - b=— o= BB :3Lv phdv-+ [ pbV-rida F0E RSN
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AN = ALA =
4.4.2 Reynolds =&8¢|0] Sa|& oHA 4.4.2 Reynolds =589 S| 0HA
vReynolds +&Fa|(RTT)2| E2IX ol0| vReynolds $&HERTE 0128 KMl K XIHLHA Het
Syst ] [ Control Vol ] DBy, 0 . P o Q=0 et
[ ystem o ontrol Volume [D;ﬁ = WbpdV+ICprV -dA gg/?olds glg[—H’gE] Flash )3
| Ragei?]fghsatne%f of =| Rate gfi(r:‘hg\r}ge ol +| Outflow from CV |- | Inflow into CV |
44 DB 1) Continuity equation: B=m,b=m/m=1
9 i i i i Dm_ 9 ;x
sys _ Y _ _ _
bt "ot (J'cv bpdvj+.|‘c5” bpM cos@‘dA‘ LSI bp’\/‘cose‘dA‘ o aLV pvarLS pV-dA=0
Rate of changein CV Outflow fromCv Inflowinto CV 2) Linear momentum equation : B =P=mV, b=mV/m=V
G ; . DP o - o =
25(.‘;\/ bpde+J.Cpr’\/ cos&d& [E:a vapd\,L+J’CSV(pV.dA):|:
" tfl f
Rateof changeinCy  Netflowoversuvaceof GV 3) Angular momentum equation : B=H=rxmV, b=H=rxmV/m=rxV
b ( o — .
= bpﬁ"’LjJr bpV -dA v+ Velocity on CV DH _ 91 #xvpav+[ xV(pV.da
a 'LV J'CS V -dA = Volume flux Dt ot J-Cv pd Ics (p )
[DB 2 Flux: EI9/915) S 01 430 S8 Hig 4) Energy equation: B=E,b=E/m=e
ss _ Y b .+ b \7 . dA (rstiraglz\g/ o{]:‘proopertyxfer u‘glt a'raea) =0 DE _ 0 - w) DQ DW
Dt (3t J.CV m J‘CS p Zale of \50Iu|f1I1e f‘\o%;‘elra;\t‘é;r:a)%J Bk E - a lcv epdv + J‘cs e(pv : dA)_ ﬁ_ Dt
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VEECUT, 958 W A JH AL

Lagrangian Eulerian View Point
2 = - = >
~_ DbV ov ov oV ov
a= — = — +U—+V—+W
Dt at x oy e
—— - - =
Local change Convective change (BTUSO UH HY)

=—Jtiu—L+v—Ltw—_=

00)_a0), o0, 20, 20 _e0) g ()
ot

Dt ot ox oy a ot
—— —_—
WEER)  @TEER

RN Bl (@29 es 2l

/ Reynolds &2 _UJ'VVdV :ﬂ\rﬁdA(Gauss HEALRB])

DBSyS 0 -/ 9 =
= :5LV bpd*#+fcs bpV -dA:aLV bpd¥+LV bp V -Vdv-
of -
= Cv{g + V.vf }d\h(f:bp)
—— —
AIREESS)  (BUEP)
HIZA =) (EDL /S 81 RTTE 4 XL HEY S 2F TS0 US

4.4.6 Moving CV(E0l= ZAHIE)
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vEZ0IAHU, ISR AL WS = AN ER

CUMSEZ ZX0l= HY A= HAIH: 22X 0HZ01 01 (0I5 HIL! 2HI)

<JISElE MY s HAIHIA: A0 o2 2T 212 12010k SOISEHE 20 2/)

CQUH L= JIRElE MY HAE: 20 Z017H Y ™
VEEEE(V,)E SH0IS Y gl= HARIR(CY)

yT_> X-y ZHEH: ZH 0 HHEH
T é; _ xy HEA: 015 HHEH (=cV 0IS&E)
/} i Vi BHEE(V, =W+ V)
7 - Vi CV OIS HE(=Vcy)

_ 7 -
v - —— N W A SECV 0IM HIZIR v, 5, W=V,-V,,)
' Ol) 2AMSE V,=30i, HI9! OISAE V,,=6i

X MUSE W= V,-V,, = 30i - 6i = 24i
VEEEE(V,)E SH0IS B 8= ZAHSCY)0 B RTT
CEHUSE Y SHSTE 012010 2 = AS GHOIM 2HI0l TS)

DB, ¢ . .9 .
D;y :aj.cvbpdv+fcsbpv-dA:&'fCprdV+Icspr-dA
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4.4.7 ZAIHIE O] Med

vHMAIHY ME IIE
-ZAHIE Mete 2H| 0HE S ol SRS A XIRSHIT Mt RAh
-ZIMO| ZAHIN ME4 J|ES QIOM B O F2 AAHNT EW(RSS S0 L)
S JIE W A2 AR UK, ZAKHS ST SEI0HH| 4% (cos6=0 or 907)

Control surface

Homework #5
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v'Problem set for Ch. 4

4,14, 24, 32, 40,
46, 52, 54, 56, 72,
74

(11 problems)

HIZ I8t chapter 4. Al HI| 21X
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