~———~——TInviscid & Incompressible flow

< 3.1. Introduction and Road Map >

Basic aspects of inviscid, incompressible flow
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————1Invrscid & Incompressible flow

<3.2. Bernoulli’s Equation >
“* From the momentum equation

8V
,o—+(V v)pV V’p+,of+

t ViSCOUS
¢ For an inviscid and steady flow without no body force

uau_l_va_u Wau_ 1dp
0x ay 0z p 0x

: X-dir. Momentum equation
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~———~——TInviscid & Incompressible flow

<3.2. Bernoulli’s Equation >
“ Multiply dx

ou ou ou 1 a
U dg v dg W dr = —
ox oY 0z p ox
“* From the equation of streamline
udz—wdzx =0
vdr —udy =0
ou ou ou 1 9,
w( e dr+ L dy+ dz) = — L gy
ox oy 0z p ox
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~———~——TInviscid & Incompressible flow

<3.2. Bernoulli’s Equation >

3] 5] 5] 1 9,
-u(—ud$+—ud-y+—udz) = =P gy
ox oy 0z p ox
1 o
> wdu=— P4
p oOx
2> —du )= ——de’ x-dir
2 p Ox
Similarly, —d(-’u“) :———pdy L y-dir.
2 p oy
—dw?) =——=Ldz :zdr
2 p 0z
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~———~——TInviscid & Incompressible flow

<3.2. Bernoulli’s Equation >

L 5 5. 5 1
> 4 gd(u‘ +v'tw ) = Edp

=2 dp——pVdV along a streamline

If incompressible, ’ . V;Z Vf
ncompressible:  [Cqp—p [ VAV 3 p—p ——pl———1)
1 1 2 2
1 9 J_ 9 J— 2 .
S Dy +§p Vi“:p2+§p 1 = pt E’OV = const along a streamline
If irrotational, 1,
pT 5P V"= const everywhere
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~———~——TInviscid & Incompressible flow

< 3.3. The Venturi and Low-Speed Wind Tunnel >
“* Venturi tube

@® Assume)
1. Quasi-one-dimensional flow
(the properties are uniform across the x-section)
« 2. Inviscid flow
« 3. Steady flow

@ Continuity equation

pdV+#pV- d.5=0
v S

> ﬂ pVedS=0
4, + A, +wall

Iy
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< 3.3. The Venturi and Low-Speed Wind Tunnel >

«* Venturi tube 4 )
I/ pVedS=0 pl_:...lffj — b
A, + A, +wall | m_
2

L[/,o?- d§:0 at the wall
Lo ] oV ds—pay, )
A,

2 [ oV ds=pay;
A,

Lo V= Ay Vy
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~———~——TInviscid & Incompressible flow

< 3.3. The Venturi and Low-Speed Wind Tunnel >
“* Venturi tube
Incompressible & A, V; = A, V,

Use two equations

1. Continuity eq. A V— const
1

2. Bernoulli's eq. p+ 5,0 17” = const
> V2= Z(p,—p)+ V2 = 2 (py )+ (L)
P - ) P A,
2(}02 _pg)
V= [—,
pl(—)?—1]
A,
Aerodynamics 2017 fall -8- __



~———~——TInviscid & Incompressible flow

< 3.3. The Venturi and Low-Speed Wind Tunnel >
** Low-speed wind tunnel

Aerodynamics 2017 fall

Airplane model

l

| Vl i M

! > e — otor
I 2

Test section —— L
Settling | Nozzle Diffuser |

chamber
(reservoir)
(@) Open-circuit tunnel
2(,, . ) How to measure
. = Py Py the pressure difference?
L=

- Manometer



—Inviscid & Incompressible flow

< 3.4. Pitot Tube >
** Low-speed wind tunnel

1
— 5 T/iszifﬁ

; P
/ Total pressure

Static pressure

Dynamic pressure
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~———~——TInviscid & Incompressible flow

< 3.5. Pressure Coefficient >
** Low-speed wind tunnel

P~ Dy
C, = N o : Over all the range of speed
210 oo
For incompressible flow
1 2 1 9 1 ) 9
Pt 5PV =T 5PV D pp, = 5;0( Ve —V9)
1 2 12
p—p. 2PV
C = = =1—(——)
P 4w i V2 I/;s-
2 p co
_ Vo .
C}, =1— (7) : works for M<0.3 (low subsonic)

hfd

* freestream & ¢, =0 * stagnation point 2 C, =1
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~———~——TInviscid & Incompressible flow

< 3.6. Condition on Velocity for Incompressible Flow
>

» Continuity equation

. op =
Incompressible = +V =0
7éat (pV)
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~———~——TInviscid & Incompressible flow

<3.7. Laplace’s Equation >

Ve V=0 | .
s | > Ve (Vo)=V¢p=0 = Laplace’s equation
=V o
*In 2D, * In irrotational flow,
., 070 9% ov  ou
Vig=—51T—5=0 or oy
or- Oy J |
O (L% 9 (9% _g
ox ox oy oy
az-ﬁ;+ au _
ox” oy~
Note)

1. For irrotational, incompressible flow, and are both solutions of Laplace equation.
2. Since Laplace equation is linear, the solution can be superimposed, so that any
complex flow is expressed by adding elementary.
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<3.7. Laplace’s Equation >

) Infinity B.C.
oY oY .
A o1 o=
oY ox
i) wall B.C.
v Ib
—).»={(——) € Flow tangency condition
( u )u,-aH ( dxr ) g y
slope of the streamline
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