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Air is 8 Gas. 78% Ni gen, 21% Oxygen, traces H,O.OOZ,Ar,..

Property |  Dimensions | Value (SLS”)
Mass, Volume Metric '{ English
Density (1) massivolume 1.229 kg/m? { 00237 slugft’
Specific Volume (v)| volume/mass Bamifkg | 422 ft3 /slug
Pressurs () forcelarea 1013 Km? | 147 Ibfin?
Temy m Jog 15 °C | s
Viscosity (mu) force-timelarea 1.73 %10 "N-s/m® | 3.62 107 Ib-sit’
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Kn= A/L

Kn = 3 ##&( Knudsen number )
A=L354 d #2(mean free path)
L = # &£ R (physical length )

Kn<0.01 | §in
0.01<Kn<0.1 | i # 7= (Slip flow)
0.1<Kn<3.0 |i&:# s (Transition flow)

3.0<Kn p d & =+ jx(Free molecule flow)
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TR B g Takih:
In vector form
(12‘3\-,}(7);7) ES ‘}’F;‘ -FE F=m %
(1687) 4 M eivfs £ 44 P cnP v F e 3% Wort end A p v

Euler g\t_-; ﬁ’\‘ DV— B- lvp

(1707-1783) Dt
(1755)3m 5 4P 8@ n IR 42 B enfex 4 @3 ;g +

Stokes
(1819-1903)

DV=p.-Llyp-1 {V [0V V)] -Vxlu(v ~V)]}
(1821)4 & itu e

Kn<0.01

i) =ul)

A= Eukreq

V§\;§) 2 -:= c‘qﬁ b&ﬁc N-S eq.
———— !
3 7 R 3 Rt

p=0V-V= o #0 - ¥ 'Reynolds averaging

M,<0.3 Mw>03 = NSeq

3 Fe, 29 ~ Thin layer N-Seq.
P @‘ 0 (1- M”)axz o =——==0 ‘Boundary Layer eq.

Glenn
| Similarity Parameters Research
Center

Viscosity Compressibility
Characteristic "Stickiness" "Springiness’
Parameter Reynolds (Re) Mach (M)
Definition dens.ny x.velouly.)f length flow velocity
viscosity coefficient speed of sound
Equation rx VvV oxlL v
mu a

Aerodynamic Forces depend on Re and M

For a valid experiment, Reynolds Number and Mach Number
must match flight conditions.
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Size definition:
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Speed : 10~20 m/sec
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Low Reynolds Number Flow|

aReynolds number = (inertial force)/
(viscous force)

Reynolds number =
(density)(speed of fluid)(distance over which velocity can

change) (viscosity)

@ Inertial force= the amount of kinetic
energy in the system over the distance
where the system dissipate the energy

@ Work = Force x Distance
@ (Kinetic energy)/ (Distance) = Force

High Re vs. Small Re|

@ High Reynolds number - Sliding
across the floor on a chair
- Inertial force dominates

a@Low Reynolds number - Sliding
across bottom of swimming pool

- Viscous force dominates Low Reynolds
number flow is believed to have no
turbulence
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N . Density increases V
Supersonic Subsonic after shock
I M=1)
M=1)
A (e Iy
\ ' \/ g

Normal Shock Wave
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Use these equalions when:

Normal Shock Wave Eq. |

specific heat ratio =1.4

Mach =M temperature =T
—y. density =r
Zone 0 Zone 1 pressure=p

Stagnation (Total) Conditions = t subscript
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