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Conservation laws of mass, momentum and total energy of both the gas and parti-
cles (Miura & Galss 1982);
8p 0O B
55+ o = 0 0
0 d o
—(pu)+a—(m +p) = -ZD, )
oF o
o (uE+p) = ~Z (D +Q), )
35 0
{9t 3:5 (Jufi) = []: (4)
d d, 5 0
5 (0ua) + o—(oug) = —D, (5)
o J o
o T E(’Hdﬂ) = E{Hdﬂ +Q), (6)
The thermally perfect equation of state for the gas with the gas constant R:
= pRT
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L) drag force
¢ : heat transfer rate

D = é?rdipl:u — tug)|e = ug|Cya,
Q@ = wduC,P '(T — @)N,,
Cq : drag coefficient
Nu : Nusselt number

7y ¢ specific heat of the gas at constant pressure
. : particle Revnolds namber

Cp = 0.46 + 28R "%%,
N, = 2.0+0.6P7RE,
R, = pdlu — wal/p,

The viscosity and the thermal conductivity of the gas {Air):

£t 1.71 =% 107°(T/273)%77 Nam32
P. = 0.75



2 RTF4A—HRET L HHE)
Ratio of specific heats
JS — Cmf[ C‘ﬂ

Ratio of mass concentration
& = Jreff.ﬂ'ref (= g1 fﬁl)

Characteristic length

Em 3 CGref 3 -::rl
i= = — d —
Wﬂre_fdz ul Pref ( 4 ,-'5'1
Typical crown glass d (um) | (cm)
o,= 25x10° kg/m 10 2.12
P, =1.23 kg®/m 20 >44
40 10.9
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30+3(0v)_0 @+v@—0 @—I—'v@—o
ot or ot ot ot ot
B T 1
q= (qf-—qz)A—m+§(qr+qz) a,
q:v, 0,0

v={Az + (or — )} {(or — )z + 2 As(o, + )},

1
O = {Az + (v, — )t} (6, — O))x + §A:1:(@.r + ;) + (©1v, — O,u;)t},

o = Az{Az + (v, — )t} *{(0, — o))z + %A.’L‘(O‘,— + a1) + (o, — opup)t},
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EMHOETE: Riemann f2QFFF

St
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\ 5 X 5 X
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UL Ur
5 X
0
. L R
Ur, if z/t<ul; LJL—l_JR -
U(z,t) =1 U, if ul <ax/t<ul; Ui=| oc7ugy+ 0" uy
Ur, if x/t>uk, Qb + Qf
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Dusty gas shock tube solution
. 10 Dusty gas density ——— 1
Initial Driver Test - Particle concentration -
conditions section % 8 L Pure gas density —— |
Pressure =
Density 11.5 L g 1 ]
Particle 11.5 L o \
concentration 0.0001 1. g Ar 1
Gas velocity 0. 0. =
Solid particle 0. 0. 2 ¢ 1
velocity Ll
0 1 1 1 I L 1 ? 1 1 1
40 -30 20 -10 0 10 20 30 40 50 60
Distance
0-5 T T T T T T

Quasi-steady solution of shock structure
With different (steady) drag coefficients

Shock Waves (2003) 13:299-322

Gas velocity

Distance
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Frame c) : Time; 1.5 (P41=10 p41=10 o 41=10)
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Example 2

Example 1
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