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Chapter 1

1 . Newtonian fluid (*B : A fluid which has a linear relationship(*) between

shear stress (i) and velocity gradient (A)

T =u M:E : Kg/m · S

T : Ants (*-

*)

U: Y : inte

2
. boundary layer : Flows constrained by solid surface

a
. Flow near a bounding surface with :

1 . significant velocity gradients
2. significant shear stresses

.

b. Flows far from bounding surface with :

1 . negligible velocity gradients
2. negligible shear stresses

3. significant inertia effects.4)
·

3. Reynolds number : u=*

Re= E
.

V:L : YGGERY

4
.

Streamline : a line everywhere tent to the velocity rector at a given instant.

=
x = Judt , y=Judt .

z=Sidt

BEST : Tt
.
Fakts

. Tets .

[Inm , um1 :BERA]



Mach number : Ma= V , a : F* [Aidealgas = (KRT)
*

= 343m/s)]



Chapter 2

1 .
Pressure Force on a Fluid Element

-

XEog : dEx = Pdydz-lp+x)dydz =-xdydt
=> dF =---) dudydz

-

=> fress =- EP f:EL WEL Fret
·

2. Equilibrium of a Fluid Element
.

A2YYED : dF = Pgdxdydz E> Fgrav = Pg ,:DE

55TIESTARYSt : Frs =MI =E ,M , :R

4=*** 12TD .*D
.
FEMEN):: = [F= FressFgrantFrix = - >P +p+M

# Fp = pig-)+MET=i

3. Pressure Distribution in Rigid-Body Motion .

P = tanaz

Ftst:P = Pa= [a + igaz
L GET





4. Rigid-Body Rotation .

K
. in A:== r

=>D=x(Ex) = - ver
-

A

#P= pig-) +MJ
,Ents ,F

=p= +  = Pig -) = p(-gk+ rei)

: pres = -g=
MIT T& : p = IPre+ f(z)

=> = o +f(z= = f(z)= uz+ ( Ax : p = c- Uz+Pr

p = Po-rz+IPFE
,

V= Pg

z= a+but

D

: P=Po ,
h=

Fig. 2. 23
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b)



Chapter 3 S5
EFnGe : 1 .
F : Mays = SysPdr , a sys =

2.
In Pays = Mayst = Says [Pdr ,

IF=ys
=Asys

DY
3.*: Esys =CysePdre : total energy per unit mass (includes Kinetic

F Ha
potential and internal energy) .

1. One - Dimension Fixed Control Volume
.

Ents
B : any property /Teates of the fluid (energy , momentum- (

&Bu=Bm =Jud

=> (Bar) =t Bar (t+dt) - -E BuCt)= [BaLtdE) - (BpdVout + 189dUlin]-IBLts]

= it [Brlttdt) - Balt)] - IBONUS out + 1BPdU)in

one-dimensional Reynolds transport theorem for a fixed volume :

*(Bsys)= Scppdr) + 1ppdout -1PPA)in

2. Reynolds Transport Theorem ( control volume : C . V
.,

V:, A: /

Boys = Bedr + /PePeVedAe-(aBiPiVidAl
↓ ↓ ↓ ↓

system rate Rate of Rate of B Rate of B

of change of B change of leaving c . V. entering C .V.

& in C. V. S
-

↓ ↓

transient term corrective terms



3. Conservation of Mass : (in = SevdA = PAV = PQ , Air
,

V:)
dB

B = m ,
B = 1 ,t = 0

Reynolds Transport Theorem becomes :

& loys = (aPd + (ePetedie-JaPidEi = o

↓ ↓ ↓

Rate of change Rate of mass Rate of mass

of mass in C.
V. leaving C .V. entering C. V.

&

=o for steady-state = Me = Mi

=>a + me -Zi = o

=> steady-state : Zie = Zi

-

X As

y

-



Incompressible Flow :

& Ain = [Qont Q= VA

Qcs = /LV.JdA

volume flow : Var==SIVnIdA

-

-

-

/



-

a)
.

T

b)
.



4. Linear Momentum

B = mr ,= = ma =F
, B = V

Reynolds Transport Theorem becomes :

IF=Ay=dr +Seed-SriPi-dA
↓ ↓ ↓ ↓

the [of the the rate of the rate of therate of
external forces change of momentum momentum

acting on theC.V. momentum leaving thec.V . entering the C .V.

in the C. V
.

=> steady-state : IF = met - min

E-E



-

-

x5



5. Momentum Flux Correction Factor

It 9) vidA = BinVar= PPAvar

flow
-

6. Energy Equation
B = E = Sepd ,

p = e = n +Ev+gz

Reynolds Transport Theorem becomes :

Q-i=ys
=pr +Sweeperdite -SortiPatid

=>+ )in= + z)o + humbine-hpump-hfriction , h:

For pumps : Up=, Ws : the useful work per unit mass to the fluid.

=> Ws =ghp => P= Wy = mWs =(PQ) (ghp).



-

-

Ep

-

-
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7. The Bernoulli Equation. F

& +* +gz=+gz = cons foresteady , oincompressiblefrictionless flow

④
between two points along a stream line.

:

J ds +(: +I (V= V,) +g(zz- zi) = 0
.



N
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Chapter 4 "*5.

1. The acceleration field of a fluid

2. The differential Equation of Mass Conservation.

1) . Cartesian system (5)

mass conservation (Chapter3) : Scrdr + mont-min = o

Scdv= xdydz.

=>dxdydz +* (PU)dydydz +j ,pv)dxdydz

+ (Pw)dxdydz= p

=>+ (pu) +yy(py) +=(e) = 0

=> continuity relation:f + F . (PT) = 0

2)· cylindrical polar coordinates
& + FE (rPV)+ (PV)+ (p(z)= 0

steady compressible flow : 5 = 0

* (pu) +Ey(PV)+ (pw)=0

trpr)+ (PV)+ (PVz) =0

ap
-incompressible flow : st =0

, P = const

= 0

↓(rV) +t (Va) + 5 (Vz) = 0

AAB EFE :

=Frr) . Ey=vo) ,V
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3. The differential equation of linear momentum

g : Eto
,

T : ARETO.

# ig-5p+j=
=

* Navier-Stokes Equations :

newtonian fluid,

incompressible flow ,

constant density and viscosity.



4. The stream function . (incompressible , P-constant)
1). iin = mont = = 32 : Pudy + PVdx = [Pu +* (Puld]dy + [ev+y(PV)dy]dx =

& =0-) = 0

u= v =-=-
Ho = const along a streamline

dQ = 1 %) dA = (i) -jds
=> Q =S, (V)dA = Side = +2- E,

-

②

O

E



2) . Steady plane compressible flow

* (pu)+ Ey(PV) = 0
, pur=

3). Incompressible plane flow in polar coordinates.

Vz =0 :
tr)+ (v) = 0

,

Vr=t Vp =- Vz=0

GE 28GB

Axisymmetric Flow : t (rVr)+ (vz) = 0 => rv)+(rvz) = 0
,

8
Vr=-

,
Vz =Fr

,
Vo = 0

5. Vorticity and Irrotationally .

wa WE =0BR , WeFOBE

dx=im Itantvxdxdt]=d

dB= It

=> wz=- , w= Wy=-

S : w= (cuIV)=
BREA

,BEEEEEEE

potential lines : 4 =, vw

ABAB : 2Wr =#

I 2Wp=
2 Wz =FrIrva-t

vo.-



25E . is
6. Orthogonality of Streamlines (4) and Poten Lines (4)
curl + = 0 => Wx = 0 u=

↓ ↑B Wy = 0

Wz = 0
S

w=

SDVdxudy (p=1)(4=1) = - 1 , 2+ 4

↳
ABA :

D =tv)++

7. Incompressible viscous flow between parallel plates
cal ressuregradient , upper plate moving .

(Couette Flow

continuity equation: +o => u=uy

N-s momentum equation : &In + ry =- +P+u +
↑ (0 + o) = 0 + 0 +Mo+f

=> U = Lyth

y= + h , n= V = y=h
, u =0 = u=hy + z

,h =y=h

(b)mesuregradient (P/X with both plate fixed.

continuity equation=> u=uy)
N-s momentum equation : &In + ry =- + Pgx+M+E

↑ (0 + o) =- + o +Mo+f
Since u= my), = 0 => p = p(X)

die
May== const0

y = th
, n = 0 => u =--
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Chapter 5

1 .
Nondimensionalization of basic equations.

Continuity : 5.T= 0

Navier-Stokes : PA-p-P+Mi

continuity : ***= -

=>
Momentum: = -******(*)

-
#

J



Chapter S

1
.

Circulation

T= &c Ucosads = (c . d5 =Jc
(ndx+rdy + wdz) = -do

EBSit T= 0

#= - klur
, P.P

2
.
Plane Flow Past Closed-Body Shapes.
↑=i p=

↑= Us since (r-E) -Klu
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Chapter 6

1 . Fully developed a pipe flow (chapter 4) Did

continuity : Fr) +EIval +ElV)= 0

R Vr= Vo= 0 = Elvz)=0 => Vz= Vari

r-momentum:+ It. 5).-TV=-+g+ /x -E-
V= Vo=gr= 0= = 0 => p =p(z)

z-momentum: + It vz = -* +gz+ VDVz

=>PVz-M
- =>Fdt

= const< 0

=> Vz=Gr + G

No slip at=R : Ve = 0= + GluR +C
.

Finite velocity atV= 0 : Vz= finite = 0 + Clncol + 12
.

vz = 1-)R=Y

=> Umax = Vzlr=o = 1-
Varg=rzda=

-

Q = /VzdA=R
Rop

Twall = 2 I

2. Head loss - the friction factor singing &E

Q1 = Q2= const => V = V= V

8 energy equation : (+z)=(++z)nthy
no pump or turbine , d=12 => hy = (z-z)+- =z+

press gravity -Z shear

momentum-EwR)
=mIV-

hy =ftWheref = for (Red , &, duct shape) .

Q2
=> f=5St-

Re=-



3. Laminar fully developed pipe flow.

N
Vz =

---

-

flam=wam=d

*

3. Turbulence Modeling
1). Reynolds' Time-Average Concept
fluctuating variables : U = n+y , v=+ v

, w= n+ w , p ==+p.

Continuity:=0 = 0

di
Momentum : Pat = -p+p+M= X: P +-+-pi)+-p

=> p whereEnp= TramtTimb
.

4. The Logheithmic Overlap Law
overlap layer:=n+ B ,* u : velocity , u*: friction velocity.

K= 0 .
41 . BE5.

O

*

5. Turbulent Pipe Flow -

+ B , ul=== 2 .44/* + 1. 34

u
*

=(
, f==  =R

=> = 1 .99log (Redf*)-1 .02friction = zoogRefo
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6. The Moody chart

-

Ex . 6 . 6 , Ex 6
. 7



7. Non-circular Ducts
.

E

Example I

-

Example

-

8. Minor or Local Losses in Pipe Systems .

ratio of head loss : hm =op/189) ,
Loss roefficient : k=g =

·hootal = hf + Ihm=( + zk)



🔗

P461～463

🔗

P465～466

Chapter 7
1

. Reynolds Number and Geometry Effects.
local Reynolds number : Rex= Ux/

me

2
. Momentum Integral Estimates.

Width : b drag force on the plate : D(x1= pb).
*

Yin-u) dy.
D(x) = ebrice

. roll-u) dy

wall shear stress : D(x1 = b):
"

Twix)dx

=> Pbribin
=> Tw =Pri either laminar or turbulent

.

laminar flow :

assume : U = altazytasy" , at y= 0 ,=0
.

at y= S, =0 ,= H.

=> nixy)- , 0xy = S(X)

p = -) dy = 1. (7-11-+5) dy= S

Tw =My=
0

=> SdS = 15 dx , v=
=> integrate from 0 to x:S=

x

=>5.5 (*

**i

3. The Boundary Layer Equations.
Derivation for Two-Dimensional Flow : (incompressible , viscons , neglect gravity

continuity :+=0

S X-momentum : Pu +r =-u
y-momentum : lutr) =-+M



approximations ! VI

&U
=> 0 = p=p() only ·

Bernoulli's equation :& + vdr +gdx =0= -pu
liBSFi7 EYE

Meanwhile:
continuity: =0

S=>
momentum along wall :n=U+E where z=amia aturbulent.

[

A:B



4. The Flat-Plate Boundary Layer
Turbulent Flow

.

Ewal =pri => If = zX
** In+ B

,
u
*(

outer edge of boundary layer : y= S .=  => *=+B

**R* = 244([Re)* + 50 approximation:Reg
t

Prandtl suggest : (tu =I* p =Sll-dy=S

=> Cy== 8) = 0.02Rej = Rej* =972972
integrate : RegoldRe ***,Gr , G=

5. Boundary Layers with Pressure Gradiant.

IBBEL)
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Chapter 9
1. The Perfect has

p= PRT , R = (p-Cr = const
, R= = const

Rgas=gas ,
/ , R,

RE
.

(FER= 1 . 4)

For air : C= =718m2/15 k)
, C= = 1005m/15 K)

·

In-m = Cr(Tz-Ti)
, ha-hi = (p(T2-T)

Elenergy) = ScrdT , Glenalpy) =Sad
Isentropic Process

Tds =dh-dh= CpdT , PTP/R

=> Cids=<-RS2-S = Cplu-RI = Cl-Ruf
R

isentropic flow : S1 =S===
①

2. The speed of sound. (Fig 9. 1)

G ↑the rate of propagation of a pressure pulse of infinitesimal strength through a still fluid.

continuity : PAC= (PtoP(AI-OV) = V=C.p
momentum : F= in (Vout-Vin) => PA-P+PA = (PAC)(c-oV-2) => op= PcoV

=> c=H))= = a= () = (k)
T Es

Perfect gas : a= 1)* = CGRT)"

St

3
.
Adiabatic and Isentropic Steady Flow (EX 9

.
3)

Go : the stagnation enthalpy of the flow.
h + EV" = Go = const

·

perfect gas : h=cpT => GT+ Ev=
p

. To , temperature absoulte zero
: Umax = (hol* =((pTol

S CpT=T=

=>Madiabatioa
-RE)

-( = [H* (R+)Ma]mY isentropic flowhe

& = (3)my)
= [1 + =(k-1Ma] 1285R ,PETE , Po ,PETE
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P622～6234. Isentropic Flow with Area Changes .
(Fig 9. 5)

continuity : P(XIV()A(x)=i = const =>+
momentum: + Vdv = 0

soundspeed : dp= adP.

=>=-
=>= *ia

5. The Normal Shock Wave.

= IzkMa-(R-1)]

MaMa

tableB2

#
6. Operation of Converging and Diverging Nozzles. Table BI

↑
A . B : Pb = Pe .

subsonic through the nozzle
, isentropic .

① ⑤
C : Pb = Pe .

At throatchoked) , sonic and Ma is unity.
i 008 : subsonic and isentropic .11

D.
E : Q (Before throat) : subsonic

. -
TableB2

At throat , same as ICI . A shock wave formed in 8-

throat-8 : supersonic and accelerating.
③ : subsonic and decelerating .

0 . 0, 8 : isentropic ,
shock : not isentropic .

F : At the exit ,
normal shock

. Before shock
,

PbTE] ,

#Th] .

isentropic and supersonic ; after shock
,

subsonic.

G : a series of two-dimensional shocks outside nozzle.

E nozzle : isentropic

H : design pressure ratio
.
nozzle : isentropic.

I : same as (G) , shocks : decelerate·
Shock : not isentropic and decelerate

·


