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+ - (rigid body motion)

Rotation (2) |
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Dilatation (3) (change in volume)

Angular
deformation

_|_
Angular deformation (4) (change in shape)



D 2L oy 23 RASMERER AR

Element at f,+ &t

| : ' — s i =17
! : : o\ i I /
» ' | IR { |/ {
i i——— L o) { 1
_J — - e
General Translation Linear Rotation Angular
motion deformation deformation
o l
(@) — | |
{ |

HelmholtziRE S #EETE -

ma

(b) (\’1\7, Tl))
RN EIREEGEE) RIS R AT LN
#hsr, B (1) EBEE; (2) hEdZiEEl; © - | |
() ZERER; 1) BERIER.
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MHEEESM(x, y,2), HEPE—=A M, EMARAE
EAV, M M (x+dx,y+dy,z+dz)
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2.3 REMEARNZT R FLERE
) shear rate tensor E = €; (&J
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Ou;
+
OX;  OX,
g (L&) rate of rotation w=aw,i +,]+® k = %5 (vorticity)
TR

C_’: —

X B

vorticity { =Q =V xV (curl of velocity)
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EY: MBERFHE—XIBALLERERE,Q=0, WX
X —XIBREEIR oiEd (irrotational), &N, FRAEY
BTN = B HEHY (rotational).

Q=(2, 2, 2,)=0

Irrotational outer flow region

Rotational boundary layer region

'

-___,/Q___,_@___, _____

X
Wall Fluid particles rotating
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Exx =€y =€, =0 &#
Exy =&y =€y, =0

BLath, ZEshRBE, BEXTR. AREREZENX

%I XRED .




2.4 BIEENMTIEEEN

_ L y oy = L X ’ I‘Eﬂ?)ﬁi%%
o | 27 X +Vy2 , 27 x* 4+ y? y
FhedE 2 Tohives), BRI REAT?
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1 ov ou
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v=20

gXX:gyy:gZZ:O /
la\/ 7|‘7k
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2.4 BIEENMTIEEEN

MIEEZIEFI U=V, =const, v=0

Ex =€y =&, =0
Ey =€, =&, =0
o, =0,=0,=0
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2.4 BIEENMTIEEEN

PEEASITRFERERER 5 -0

BERR T ThEFHRITRIAT .

B: TERLAE (o) SEALKE xy) ZEHERR:

X=rcosf, y=rsiné

XH: — 2 2 G = Yy
r \/X +V arctan(x)

PG AL ¥R Z IR

A EFEYSE

U=V, cosd—-v,sind
V=V sind+v,cosd
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86’ OX 86’ oy 06 OX
M T B fR 19

= COS Qﬁ—sin Qﬁ

o

19 or rod
i = Sin 8E+ COS Qﬁ
oy or rod
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; ov ou
P B A AR &R T I e sk A N X oy ° , AR RN
N_ = (cos 6’3 —sin Qﬁ)(vr sin@+V, cos0)
OX or roo
N, r 0—sin? 0 _ Y Gin 9cos
or rogd r
+cos’ Q%Jrvg cos@-0—sinéfcosd ol + Yo gin2 g
or rood r
M = (sin 6’i + Cos Qi)(vr cos @ —V, sin 0)
oy or roé
~+V sin@- 2(98Vr Y incosd
or rod r
—sin’ 6’%—VH sin 0-0—sin @ cos -0~ V0. 0052
or rod —r
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@—a—u—(cos 6 —sin 9)%\/—+(sm 6 —cos (9)——(s1n 0 + cos’ V,
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OX
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IREH (velocity

2.5 REHE

potential)

— B X R S o

TR # (stream function)
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oP oP 0Q 0Q OR

i: i&P(xayaz)a Q(x,y,z), R(x,y,z)ZL

O R

g%

ﬁy’az ’8Z’8X’8x’ay

FaEEEFXE S EE
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F(x,Y,2) =] Pdx+Qdy + Rdz
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d(X,y,z;t) = Judx + vdy + wdz

BEmTER: 2 -y
O X
200 L B:V =V
0y
99 _ w
0z

W oREES, FHREEBHRNIAZE A (potential flow).

Tt © Vxv=0< ¢ < FH
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d(X,V,.z;t) = Judx + vdy + wdz
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HghE#H. IE—XERD), EHRAFEEZUTREEMATR
RELAS FEAKEREIERE, BRELIREA0, BPEX=Yy=0
B, u=v=0 > X?Eﬁﬁuuﬂlﬂ’ll_*ﬁﬁiuufﬁ'{%o
@F FﬁﬁAﬁﬁﬁumﬁﬂmgﬁ/Lfg%=
=¥ 100 1 5/ . £ :a_u: g :ﬂ:_
GEMEE: cu=— "=y (a)
RERRE: o0 -o= el
BB EFHHE, TIERBREEYTREEMATIIEE
A5 FEMEE . ki, TThERBEIYIE
ov. _ou _ (c)
0 X oy

2.5 1E

B
FSfA u=2(x-a)y, v=(x+a) -y




2.5 REHE

H(c)+H(b)f5: 2—\)/(= 2 X Bl v =%+ f(y)

HERARN@T, FE =2y, BIf(y)=-y+C

H(c)— (b)15: 3y~ Bl u=2xy+9(x)

HERKAN@R, TR 9(0)=0, Hgx=C,
L@ CHIC, 2RAEM, mfe x=y=05, u=v=0

)

=23 C =C,=0 , \NMmBEIEESHA: A
u=2xy, V=x>-y°’
REIR Y. ¢:judx+vdy:J2xydx+(x2—yz)dy o et

(x,0) (x,y) (X,Y)

= _[ +_[ =0+ J' (xz—yz)dyzxzy—%y3

(0,0)  (x,0) (x,0)



SEEES

B MARA BT IE:
Lagrange 57%, Euler 5%
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u V W

Mk IE: dx = ﬂ = %

u V W
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S HEIE SN Fl T e IS Bl
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o EEH: FXLHEEIRME
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(1) E%iFE1ZE(System approach): BFR
W) 5 AR (material volume)i& 2. X
FH ) 8 HY A JiR s B 2 B ) Ak T 3%
I IR EB AT, Follow the
fluid as it moves and deforms; no
mass crosses the boundary . 5

Lagrangei=X] W .

(2) £ &l 1K & £ (Control volume
approach): Xf—™ [l % 7 5] 4% il 44 1
A% 3 77 5 4 1& T Wt 5 . Consider
the changes in a certain fixed volume;
mass can cross the boundary. 5

EuleriEXf M —
%'%ﬁl]:@zmﬂ(Reynolds Transport Theorem—(-R—"l“—'l“—)-)I—

Control
volume




IJILMSEijJ - E’J ﬂﬁ/\ﬁ 5_'1‘." ~‘/f:;|§
RYi(system): HFEERRAFR S AR R .

Y15 &= F5 (M aterial Volume): FH
AR RV EF(a

volume that contains the same

J G(x,y,z, 1) dV
W)

fluid as it moves and deforms
following the motion of the fluid.)

4 R 3% 1 (M aterial Surface): 47
R TR AV E F13= H (enclosing

surface of a material volume; by

definition no fluid particles can
cross it.)




;ﬁiﬁ/{ 3.1 FiEWEEE
{1z #l{A (control volume): —PZE[E{FFH,

434471 (control Volume): FH—4  entering s

n leaving n
&| i€ 25 [B] /4 A Y 73R (a volume of ,\» AN/

fluid in a flow field, usually fixed in \\{‘\:‘ Ny

space, to be occupied by different i Control volume

fluid particles at different times.) -

n= ~ v
outward g i -
normal S -
_)
n
_)
n

1= 2 M ( control Surface): = Fl{4

i A o o
FEYE A Z= M (imaginary or Mass

. . leaving
physical enclosing surface of a
control volume, fluid particles can Boo.= Bow — By =J pbV -1 dA

. CS
Cross it)




