Chapter 0 Vector Analysis

1. & f(xy,z)=2x*+3y*+2* > &B.P(1,2,3) ;o%F a=i-2keh

w %-ﬁ;t,:. 17

v w22 =3(x"+y%) 0 2B P(1,2,3) 2+ & (normal vector)
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. %V =3xzi +2xyj — v’k
(@) & V 2 #g& (divergence) % @ ?

(b) &£ Vv z %A (curl) 2@ ?

Chapter 1 Introduction

1. 7nkg (fluid) sz %k 5 @ ?

2. H%8 (solid) sz & 5@ 9
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Chap 2. Physical Properties of Fluid

Ch ;fshgg@%ﬁﬁ'r_}_ (fluid compressibility) ?

. P 2 o4 (Newtonian fluid) ? @ 3 32 2 /x 48 (ideal fluid) ?

. P 3) i 8 3 (continuum hypothesis) ?

. 3} 487 (steady flow) ?

w3} =3 0 (uniform flow) ?
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(@) # i~ (stream line)
(b) #LEms (trajectory)
(c) "g e (streak line)

(d) **e T ez AinMRgEs?

. 3} #4% 4 (body force) ?

w3 & o 4 (surface force) ?

fm ;ﬁ v st "‘ifii (P&SC&I’S LaW) ?

. FFEE § R¥-A 4 (pressure gradient force) i3 R & 2 H i
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Chapter 3 Kinematics of Fluid
LR ER 0 2 A S ® O Dl A S

Lagrangian method % Eulerian method - 3i3p &3 fd= 2 o
TR B (XY, Z) FRtREART Y N &T 5 T(XY,

z,t)
(@) B & 2 A dT & iRjics dx, dy,dz 2 dt ok

®) im 2 Tonpae Do ;

(€) s RAE u,v,w 2 %%ﬁz(—)iz\w}_%‘rﬁz( )
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ArE400 22 > a M ERAEEAC) S-S F 3k
"ThAFRER DR (BREALI w2810 ) #FF 1% (D)
A AR o R S5/2mst 0 T FIRBEAERET (2 K
AR R L 5V2mst 2 FIRRESE R EHE L 025x107
Cs*'3 () *A&kh > hif i5ms' > & 5 HPIEFERFT (4

PRAR R iR A5msTt® FIRBIE R EHE L 025x10°C
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4. (a) ®3} % 5 (system)?
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(b) ™3 441484 (control volume) ?

(c) @3 441w (control surface) ?

. i}u@ 4 = #2 (continuity equation) @ 3
@ B o s > XEFLA DR EE A

(b) FB NG F > Aefch N> TR LML E o

. Consider a flow of uniform density , in a non-rotating frame of

reference with §=—gk. The velocity field is u = Ax, v=-Ay,

w =0, where Ais a constant :
(a) compute the nine components of the rate of deformation tensor ;
(b) compute the nine components of the rate of rotation tensor .
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Chapter 4 Vorticity Dynamics

—

. fjf‘uﬁswﬁ%@% (solid body rotation) @ % » H i B 5

o=k B oy s K K5 2 RARE o R ot E S

o8 il & (vorticity) % #¢ /& (divergence) e

2. () % 4iFF % & (vortex tube strength) H= & ;

(b) FHMFEFRR - HT2 18-

3. (3) B I :iE (circulation) g T &

(b) 11 * Stokes’theorem i p? Ze v 22 iff & B e % -

4. i}up d iff % (free vortex) @ 3 > V,=-¢, » # ¢ ¢ =const
(@ H3 & HE R (vorticity) & @& ?

(b) #3*- % H#kn (circulation) & @ 7

5. i}u Rankine vortex @ =
I‘a)0
r<R
ﬁ _ ! 0 T
- Ve = Rga)o ,rZRO (R()jz __{-I
r

@) FRE V& r 2Bk
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6. (a) 7+ Kelvin’s circulation theorem ;
(b) 11 * Kelvin’s circulation theorem Lp? 5 @ Afids b o X

§eRib b o @B ERIER ?

7. @3 & R (barotropic flow) ?

3§ A48 (baroclinic flow) ?
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Chap 5. The Conservation Law

cm\iv

1. (a) 7+ Reynold’s transport theorem » " j%# & 78 4~ 32 ;
(b) #f1* Reynold’s transport theorem » %} continuity
equation ;

(c) #11* Reynold’s transport theorem - ¥ i Cauchy’s equation

of motion -
2. 3+ Navier Stoke’s equation » ¥ j2f# £ 8 hf L F & o

3. JeAE L (steady) ~ 7 7 B (incompressible) ~ o & & 353
7 (uniform) i dg s 3 0 5% 21 2 Bernoulli’s equation » 1 f2

T§ﬁ‘:‘ XIE m:}'ﬂ’—‘i %O

4.(a) 3 B & Mechanical Energy Equation siapica 3¢ & f2§# 8 ¢ %
e E &K o
(b) % 1 Mechanical Energy Equation s 4 3¢ » ¥ j2f§ 8 ¢ %

B IR R & o

5.(a) i3} Boussinesq approximation ?
(b) % & i % Boussinesq approximation 2 g § > A2

(continuity eq.) ;
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(c) & i % Boussinesq approximation 2. e1X-,y-,Z > @ &
¥ «d £ > 2 (momentum equation) ;

(d) %8 i % Boussinesq approximation 2. = % = 42 (heat

equation) -
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Chapter 6 Irrotational Flow

1. w3 & in (irrotational flow) # %'/ (potential flow) ?
2. fe3f 2 ¥ RuginH (incompressible fluid) ?

3.(a) =P =% (potential flow) =:# & = (velocity potential)
5 — 3o #c (harmonic function) ;
(b) s 254 (non-divergence flow) 4 it didic (stream

function) 5 — ¥4 3 #c (harmonic function) -

4. 3= @ (x 2y miR) -~ &4 (irrotational) ~ 4 7 B 5
(incompressible) w48 m 3 - i (a)4 TR ~ (D) ELERE

1% g (streamline) & ¥ % *t % g (Equipotential line)
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5. e B (r% 0 &) kg (source)
(velocity potential) > ¢=21|nr » He g L P o BRI RY e

T

(g>0) > #F&FEP H 5 /-3 #c (stream function) 3 p=—1p

6. - & (rx 0 R&ig) ap d F> (freevortex) m = » £ H @
P
R = (velocity potential) = ¢=2L9 s He TLRinp R > B
T

pH g s dic (Stream function) 5 q):—lenr o
T
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7. £ k- ¥3 753 (uriform flow) fr= 8% (2D doublet) &

fe & n3 (combined flow field) 4-~ @) :

-2V,
ﬂ—»
S —
| ) ¢ =0
n SZ

Hemg mdad B2 §inddicsh B 5 ¢g=Ugrcosd »

: sy 79 ok 2o g e ek n v m cosé
p=U,rsing » = BB ek R 2§ oS B s ¢:2— :
T

p=—MSING  k o & e
27 r
(@) i & = (velocity potential ¢)
(b) # 7 S dc (Stream function ¢)
(c) i & (radial velocity V,)

(d) *» s & (tangential velocity V,)

8. 3 - = & (two-dimensional) -~ & *zi% (irrotational) ~ #:45 %%

(non-divergent) i3> H B R 24T

L 0’ =O » X,O =O
gt 57OV T
»(@,y)=0 @(x,0) = finite
2 2
A pLURHR R Vi =0 7t _ZX(/Z)+_ZyZ):O

FRE O<x<a , O<y<w PF p=7
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Chapter 7 Dynamical Similarity

B BURAE K SLE 4 &4 4piud (dynamical similarity) g i %

. 3P Reynold number iz & -

. 3P Froude number s % -

. 3 #L.P Richardson number FT_E o

. 3 #.F Mach number T o

. Ff-#.P Prandtl number s & o

. 3#.F Euler number T o

Bk - B ks BRI ZApEERL-ERUS 48R
Q%R picE 4 gendndice #F4]* Buckingham 7 -method f-

iR AE k SiG % B & F1= 44k (non-dimensional

TR
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Chapter 8 Laminar Flow

. (@) #p Laminar flow 2 Turbulent flow % & ;

(b) 74 Reynold number % 4~ Turbulent flow % Laminar flow -

Chap 9. Boundary Layer

CBEKK T Rt Al R 2 U kT EEgad A R 5 Lo B
4 ZbiF ¥ v oo @0 Navier-Stokes equation 2 U~ L 2 v £

TR NTIEER S o

P AR Rk B RS R F R Y

. arde it - FEUF R 0§ 2 Reynold number 4 %] 5 (@) 0.1, (b)

5,(C)50,% (d) 10° P¥ » imig— 1B F1HLAH P e i o
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Chapter 10 Waves
1 g wp (@ - &0 (b) - & % (c)= #propagating

waves o

2. () #p 4pi=i# & (phase speed) chir T F & % H #cF T &

(b) F#.m s (group velocity) e 7 & 2 H #F T & o

3. Fr B NP HE AL (dispersive wave) 7 2EAF AT

(non-dispersive wave) =4p B 2_ o

4. F¥ s Ao 4R (linear harmonic oscillation) 5
(@) #r+#1* 4% (governing equation) %

(b) i f# (general solution) -
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