Pressure

Pressure: Force per unit area (N/m?) F=pA
acting on a surface. N B,
Caused by molecules N \)/ W
striking the surface. asane
Pressure force
-perpendicular to surface ~bm dA
-acts on the surface s 4
dF =(-R)pdA 7 = unit normal dA
F=— [pndA
A
Pressure acts in the fluid:
! | LR
: ; : i i i}
Fluid and Container Container
ST B O ST A 2 i
Fluid Fluid in Two Parts

Pressure in Moving Fluid:
Static Pressure = Pressure relative to moving fluid.




Equation of State

From thermodynamics
p=r1(pT)

0 0
dp="0),+ 22

op
10py _ 1 0m/Y)y _ 10V, _ . _
75%)], =l ( o ))T = _V@)T = ik = Compressibility
o(m/ ¥ .
—%S—IJO’)P :_(m}V) (’g; ))p :%%\]Z)p = [ =Thermal Expansion

%Ozlcdp—ﬂdT fd\v—,v:—/cdp—#,b’dT

Water: x=5.8x10710 /(N /m?)
 B=1.48x1074/K

Ap=190atm, %O:de:5.8x10‘1°(190)(101000):O.Ol

AT=100°K , _‘i’g;—ﬁdT=~1.48x10—4(100):—0.015

Liquid Water 1s Incompressible for most applications.




Gases
Perfect Gas: p=pRT where R = specific gas constant

Air: R=287N-m/kg
Standard sea level conditions:
p=101,000N/m> T=15C

_ P — 101000 :122k / m?
P=RT=28705+273) &

1 5,0) _RT 8(p/RT))
p

B 1ap) RT@(p/RT))
poT’Pr~ p  oT P T
dp dp dT

= xd] =" -2
b =P - pd T

At standard sea level conditions
x=1/101000=9.9x10*/(N/m*, B =1/288=3.47x10"/'k

dp_dp
p ’p
With the momentum equation dp=-pVdV

fi)ﬁ,:—i VAV =—L_ay?

For an isotopic process, p=p’ or

For a 2% change in density, we get V' =68.6m/s.
Air is essentially incompressible for V' <70m/s.




Flow Field Characteristics

Velocity Vector: V=ui + v}' +wk

Vo= (}u“+nr1+w7—‘
U=V oq
V= Vst @
w=V way

Steady flow: Velocity at each point in space is constant
V=V(x,y,z)

Unsteady flow: V=V (x,1,2,)
- Examples: Oscillating flows
Start up process
Moving vehicle/fixed observer
Observer moving with a vehicle
at constant velocity = steady

Velocity measurement from displacement of small particles

Particle position , Particle position
attime t | / at time t+ Az
\ . ,M_‘,_.g—ﬁ
T, ¥Eas/at
At




1 1 1 : dx = dy - _C_l’g_:
Particle trajectories: F T = =W
Flow Visualization:

Particles on a liquid surface
Dye streams in liquids
Smoke streams 1n gases

One and Two dimensional flows

L ’
/‘4\/// /

4'/ o i T~ . i
// N
e

/

. -
! -

.

7

. )[;‘:;\
o ,
d‘/lr

1

>/

v

Figure 1.7 Two Dimensional Figure 1.8 One Dimensional
Flow _ Flow

Shear stress and friction
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- Figure 1.13 Shear force Figure 1.14 Relative motion and shear stress
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FUNDAMENTAL LAWS

FOR A SYSTEM
SYSTEM: A defined quantity of matter

Conservation of Matter:

D/Dt (mass) =0

Newton’s Second Law:
D/Dt (momentum) = Sum of Forces
= Pressure +
Gravity +
- Friction
First Law of Thermodynamics:

D/Dt (energy) = Heat Transfer +
Work Done

Energy = Internal + Kinetic




Analytical:

Experimental:

Computational:

APPROACHES

Fundamental.Understaﬁding |

Preliminary Design

Fundamental Understanding.
Proof of Concept
Model Testing

Prototype Testing

F undamental Understanding

Design and Testing




