Handout Al

MECH 331 Fluids |

Fall 2013
Instructor: Prof. Tim Lee, MC 211, tim.lee@mcqill.ca
Lecture: M W F 9:30 - 10:30, ENGMD280
Tutorial:
Office hours: M W F 10:35 - 11:35, MC211
Textbook: Introduction to Fluid Mechanics, Fox, Pritchard and McDonald, 7t Ed.
T.A. Ying Y. Su (ying.su@mail.mcgill.ca); MD162
COURSE CONTENTS
Introduction and fundamental concepts (Chapters 1 & 2)
Basic equations in integral form for a control volume (Chapter 4)
Fluid statics (Chapter 3)
Introduction to differential analysis of fluid motion (Chapter 5)
Incompressible inviscid flow (Chapter 6)
Dimensional analysis and similitude (Chapter 7)
Internal incompressible viscous flow (Chapter 8)
External incompressible viscous flow (Chapter 9)
Fluid machinery (Chapter 10; tentative)

Q/A EXERCISE

A part of class time will be used to practice problem solving skills with peer and instructor
interaction. During these sessions a problem will be assigned to the entire class. You will
be asked for inputs for the solution.

GRADING POLICY

) // HAvEBITS A\ Ay
Homework assignments (not collected) N

Midterm 1  (9:30-10:30, Monday, Oct. 7, closed books/note) 25%
Midterm 2  (9:30-10:30, Monday, Nov. 11, closed books/note) 25%
Final exam™® (3-hour exam) 50% o@

*Students are allowed to drop one midterm and make final 75% (a maximum).
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Scope and application of fluid’'mechanics

® Aerodynamics of airplanes and road vehicles

® Design of fluid systems and devices

® Aerodynamics of sports M‘"V
N\ o\
e Bioengineering &0 wa”l/
ok
® Others
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The most significant basic equations in MECH 331 (incompressible and isothermal flow)

1.

The sum of all

forces acting =
on a system

The sum of all

forces acting =
on a fluid particle

Z 'E = z 'Esurface + Z IEbody
/
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The rate of change

= of momentum inside
a control volume

Pressure force acts

= on a fluid particle
per unit volume

3. Bernoulli equation (for non-viscous flow)

2. Navier-Stokes equations (differential form of ' F =m S

+

dv

Reynolds Transport Theorem (integral form of >'F = m-
t

The net rate of flux
+ of momentum out througD

the control surface

Ls\7p\7 -dA

dv

Body force acts

acts on a fluid
particle per dV
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Viscous force acts

on a fluid particle
per unit volume
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Method of motion analysis

System approach

e A system is defined as a fixed, identifiable quantity of mass.
e System boundary separates the system from the surrounding ( $&°)
e No M crosses the system boundary
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Control volume approach
e A control volume is defined as an arbitrary volume in space through which the fluid flows.
e Control surfaces are the geometric boundary of the control volume. ( (<)
Control surface can be at rest or in motion.
Control surface can be real or imaginary

e Advantages and drawbacks over the system approach

" .
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@ ' Contral volume
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Some icebreaking Q/As and fundamental concepts

THE ROBOBEE

Harvard's School of Engineering and

Applied Sciences conducted the first

successful flight of a life-size robotic

fly in 2007, The lab has received
ﬁmﬂ in grant money from the

ational Science Foundation to build a
network of autonomous artificial bees.
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Hummingbird NAV
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AeroVironment Hummingbird Aerovironment Hummingbird displaying
(2011) with landing gear its maneuverability: b =19 cm, Wi =19 g,
V =11 mph, Duration ~ 11 minutes.
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"Snowbird” Human-Powered Ornithopter (HPO)
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http://www.aerovelo.com/projects/hpo/introduction/hop-run-beside-projects-page-3/
http://www.aerovelo.com/projects/helicopter/intro/atlas-from-crows-nest/
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TF-X: Terrafugia’s four-passenger, hybrid-electric roadable aircraft

automobile

U, = 100 ¢

«
128 A
‘\'< Ranse 500 ™
\
< \°1, Q0o \’__i,
In takeoff or Iading mode, the TF-Xis a In flight mode, the TF-X uses a 300-hp ducted
stop/fold tiltrotor with two 600-hp electric fan for thrust, giving a non-stop range of 500 mi.
motors in nacelles at the tips of the wings.
Terrafugia Transition: A light sport roadable aircraft
1
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http://www.csmonitor.com/var/ezflow_site/storage/images/media/content/2012/4-3-12-flying-car/12177748-1-eng-US/4-3-12-Flying-car_full_600.jpg
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Q/A: Advantages and drawbacks of V-22 aircraft?

Q/A:

Advantages and disadvantages over tiltwing aircraft?

Q/A:  V-22 compared to Bell V-280 Valor tiltrotor concept
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Graphical representation of lift, drag, thrust and weight
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C, =———— = Lift coefficient
30 U.°S
D -
Cp = ————— = Drag coefficient
1
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— =—L = Lift-to-drag ratio where L =lift D =drag
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P = freestream density U, = freestream velocity
S = ng area 1/2,0wU 002 = denamic pressure
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Airfoil and Angle of attack
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Viscous flow around a stationary circular cylinder

4/ Rbubewr JoetienL
J

\,nm’c

shatoograph st the top of the page, the flow
recly changed. The drag cocficiens conse-
by temain almoss corstant in the range of Reynolds

=
Cp = . D 5 = drag coefficient; A, =projected area=DL, L =cylinder length
fpoouoo p
L e e i R 6 B I 1 B 2 2
LhmmwAR il -
10 - BHoynreRi
= e\ I
c | N
1
L pez '000
| |
ol L1t 3or o ot el 1t
10'2 468102 46610"2 4 6810%2 4 681032 4 6810%2 4 31052 | 4 6810

Re=l.;2 300/000

: wWiAsS
Fig. 9.13 Drag coefficient for a smooth dircular cylinder as a function of Reynolds

number [3]. CLow
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Laminar flow: Flow structure is characterized by motion in smooth layers. No m or mV/ """""éN'qU
BYRNEN — - £xerpr
exchange between layers. l't) uk) =g
uet)

Turbulent flow:  Flow structure is characterized by random, 3-D velocity fluctuations N
superimposed on the mean motion. For example, u(t) =u + u'(t).

Boundary layer: A thin layer of fluid in direct contact with or adjacent to the solid surface in

u
which the viscosity effects of the shear stress 7, = ,ud— is nonzero.
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Reynolds number (for viscous or real flow only)

L D
=F|UId inertial — force _pY. or p,UC or p.U_X

e Re : -
viscous — force y7i U U
D\ pefel Cro0
e STREANDSE DISTANCE / LEn4TH

D, C and x = characteristic length (of the object)
P = fluid density
U, = fluid velocity or freestream velocity

M = absolute viscosity of fluid
LAmi~ne oR Tceenlert—

® Reis an indication of the state of the flow or boundary layer.

® As Re approach o (or very large), the flow can be treated as inviscid (i.e., = 0 or ideal
flow).

U
® For incompressible flow (i.e. M = €= Mach number < 0.3, where c is the speed of sound),

V= 2 kinematic viscosity
Yol
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Laminar and turbulent flows over a stationary flat plate

LAmapR
Conceptual sketch of flat-plate boundary-layer flow
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The Newton’s law of viscosity (relate pralle
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. = =—  an eformation rate = —V ==
AN dA a0 g dt  dy
where ol =dudt =dyda (for small angles)
du
1 = coefficient of viscous resistance = absolute viscosity

Ty = HU—
yX ﬂdy where

Also, v= £ kinematic viscosity (for incompressible flow)

P

A line connects adjacent “marked or dyed” fluid particles at a given time instant

Timeline:
in a flow field.
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Important notes

[1] Hair @ 20c = 1.81 x 10_5 N'S/m2 and Hwater @ 20c = 1.01 x 10_3 N'S/m2

du
[2] Newtonian fluids: 7, = :u@ C-%,I AR | WRTER, etosStiw e
o duy, : .

[3] Non-Newtonian fdes:TyX = K(—) where k= consistency index C\j. Blove <Low,

dy TooTAPeSTE

n = flow behavior index
s pesl Clow
[4] Viscous flow (for p#0) and inviscid flow (for u=0)
lomb| ?e%m/ frow

[5] All fluids possess viscosity.

[6] Definition of a fluid: A substance that deforms continuously under the application of
a shear (tangential) stress t,, no matter how small the shear stress
may be.

[7] Continuum fluid mechanics (CFM)

e No gap/space between fluid particles
e Fluid properties vary smoothly from point to point
e Concept of fluid particle/element/cube

[8] Slip and no-slip boundary conditions:  The relative velocity between a moving fluid and a solid

Z AN E* (’@b l_\ boundary is non-zero for inviscid flow or zero for viscous
09 6 b\‘_\]@"/‘v ﬂOW.

[9] D’Alembert’s paradox: The aerodynamic drag on any non-lifting body of any shape
is predicted to be zero when the inviscid, or irrotational, flow
approximation is invoked.

i.e., Inreal flow there is a nonzero drag on bodies immersed in
a uniform stream.

[10] The significance of p ?
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Classification of fluid mechanics

Fluid Mech

Definition

Scope

Continuum Fluid Mech ( C FM)
Methods of Motion Analysis

n=0

Inviscid
Flow

/

MaTH. SiwplicaTipn

Slip B.C.

Advantages /

Newton’s Law of Viscosity

=0
DrpG Stress Field

Limitations Units of pand v
D’Alembert’s Paradox (1752) No-slip B.C.
Drag

Reynolds Number

Turbulent
Flow

Boundary Layer
Flow Separation
Wake

2R tliaH - Re fLow |k STREAMLIED BoDIES oMLY
NoT peel l
Laminar
Flow
“Q/A Exercise”
Pressure Drop
MECH331 MECHA430
ncomp- € omp- Int. Flow
AR M(%‘o.’b cang- 6
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Bluff Body
Streamlined Body
B-L Control

Ext. Flow
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Q/A: Why is the speed of a biplane limited to about 120 mph?
1 mile =5280 ft = 1.6 km
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Conceptual flow pattern over a smooth, stationary circular cylinder

A: Stacnarien p'y
S: Sep. pYr

/u:.d
Rse
F.ze

A=B: 5';"-

Boc: ;'E >

Tk

Mo
G =80"

R. < lu‘u.
F. $0
Fizo

Laniag 8.L.

Sz

6 » ¢’
Ra >5o0,000
Fose

F. =20

Tongutawr B.L.

13-1


tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil


Smoke-flow pattern of a stationary sphere at Rep = 15,000

Smooth sphere (laminar boundary layer)
&

With a trip wire located at around 0 = 70°
(turbulent boundary layer)
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The sudden collapse of the Tacoma Narrows bridge (opened on July 1, 1940 and
collapsed into Puget Sound on Nov. 7, 1940 under high wind conditions)
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Streamlining of a bluff or blunt body

Boundary layer

QELRTED LLlow 9*-\’

Point of
separation

Fig. 2.16 Flow over a streamlined
object.

Lchw\\_,\hléh 13 °“1 °

5%

Fig. 85. Shapes of low drag can be developed not
only by rational man and his intellect but also by irra-
tional nature, through the mechanisms of gene muta-
tion and natural selection.
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CL and Cp versus a (angle of attack or AoA) of an airfoll
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Spinning circular cylinder and Magnus Lift
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http://en.wikipedia.org/wiki/File:Sketch_of_Magnus_effect_with_streamlines_and_turbulent_wake.svg
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Flettner rotor ship (1920s)

i

The official maiden voyage of the BUCKAU, Flettner yacht on Lake Wannsee,
7 November 1924 in Kiel. Berlin. Photo: Anton Flettner, 1926.

E-Ship 1, August 2008
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Lift and drag coefficients of a rotating circular

12
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Wake
~———— Fig. ?.29 Lift and drag of a rotating cylinder as a
*”\ function of relative rotational speed: Magnus force.
R - M (Data from [32].)

where  C, =- a 5
2 ooUoo Ap
=
Cp = 1 UD 2p
2 Pu P

18


tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil

tim lee
Pencil


Flettner flying car or aircraft
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http://en.wikipedia.org/wiki/File:Flettner_Rotor_Aircraft.jpg
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Aerodynamics of ball sports

BASEBALL

\6‘70 re

DIAMETER =7.23 em DIAMETER = 4.27 em (American)
MASS = 0,156 kg =4.11 cm (British)
TYPICAL Re = 1.5 X 10° MASS = 0,046 kg
TYPICAL Re=2 X 10°

® The effects of dimples and backspin of and of a golf ball

e A curve ball

e A knuckle ball
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Geese flying in V formation
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Wingtip vortices and flight hazards
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Winglets

Learjet 45

,)-\'90 (et oe et i
B737TMAX ~

A320NEO

Wingtip devices that Airbus calls - = :
“sharklets” will be standard on the : = dl/
A320NEO. —* /Qe‘g
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