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ya) D:%ﬂdng(vg—vp)‘vg—vp‘cd 4 (Q+V,-D)

D : drag force
9 d: particle diameter

Y, .
P : gas densit .
e Py - 9 y C, :drag coefficient C, =C,(Re)

Vv, : gas velocity
: : pgd‘vg _Vp‘
v, : particle velocity Re: Reynolds number Re=
U
7 duC
P . P
7 2rreU Q= Pr (Tg _Tp )Nu

Q : heat transfer per single particle

w2 viscosity coefficient  Nu : Nusselt number Nu = Nu(Pr,Re)
T, :temperature of gas  Pr : Prandtl number

T, :temperature of particle

C, : specific heat of the gas at constant pressure




m : mass of single particle D :drag force D:(DX,Dy,DZ)

Pq
Pyl Fox
PVy | By =| Fyy | Foe
Py Wy Fy,
E
0
0
:_(pg_pg_out) 0
g
w, g
0
DX
~2 D,
DZ
Q+v:-D

g : gravity accceralation

VU, +V-F, =G, -1

'Ogug
pU,” +p

=| PglqVy

nggWg
(E+ph,

: gas density

: gas velocity v, = (ug A ,Wg)

. pressure

: total gas energy per unit volume E = p, {CVTg +%vg ovg}

: temperature of gas

'Ogvg
pgugvg
pU,” + P
nggWg

(E+p,

PyWy

Pyl Wy

PyVgWy

pyW," + P
(E+ p)w,

: specific heat of gas at constant volume

. mass consentration of particles

Q : heat transfer per single particle
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Q+v-D

il A VU, +V-F =G+

Pplp PpVp PpWp
Ioloulo2 PpUpVy PpUpWy
Foo =] PoUpVy | Fyy = ,Opr2 Pz =] PV Wy
PpUpWp PpVpWy ,Opr2
E,u, E,V, E,w,

p, - mass consentration of particles

v, :velocity of particles v =(up,vp,wp)
: 1
E :total energy per unit volume E = ,op{CmTp +§Vp -vp}

T, :temperature of particles

C_ :specific heat of particle materials
m : mass of single particle

g . gravity accceralation

D : drag force D:(DX,Dy,DZ)

Q : heat transfer per single particle
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u = At ref _ Prer

\/; Pref

| — 8m :ﬂﬁ

P d? 3 Py
o

a; ¢ . frozen sound speed of ambient air
y : specific heat ratio

P, - pressure of reference state

P - density of reference state

m : mass of single particle
d : diameter of particle
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3. dt DRE

CFL&
BEARRLF dt,=dX/V,
KK dt=dx/(Vypatc)

dt=cfl*min(dt,, dt,)

cfl=0.1
1<n<100 dt, =dt/(101-n)

dt ,, <1.2%dt,

start

1. read parameters

2. set conditions

3. decide dt

4 VU, +V-F =0

5. VU +V-F =0

6. V,U,=G,,V,U, =G,

@ v.U =-1,v,u =I

end




start

IERRE |

1. read parameters

HEREICELTH 2. set conditions |

FRERMNREILL, D,

REMNBRDONDHIX 3. decide dt

4 BRI EGodunovBIWAFE 4. VU, +V-F, =0
ERER

HLLCiEElRiemannfigix 5. V,U +V-F =0
5.Miura et al.(1987)

7. M RRunge-Kuttaik 6. VU, =Gy, VU, =G,
— RItRiemannfiijd & Y, =LV

xyz AR CHRZE, BIFMER

end




Weighted Average Flux method

MERDEHM R FE

| Al_Ao F(l)_l_Az_Al F(Z)_l_As_Az F(3)+A4_As E®
AX AX AX AX



start

oz |

1. read parameters

. imiﬂlﬁ EEAYaAT— 2. set conditions
AIZEDCIEERIEF

3. decide dt

4 V.U, +V-F, =0

5. VU +V-F =0

6. VU, =G,,V,U, =G

p

7. V,U =-1,vU_ =I

end
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P ,= 0 pout » Vp=0., Tp=T,
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/ E5E Casel. 100m/s Case2. 200m/s

~N

(. ﬁ.o cm

— 2500. 3
Pom 500 kg/mj

2000m

/Ogin — pgout ) pin — pout
/Opin:pgin | Cm:Cv

\ ngn — Wpin

ﬁmm

10m/1cell

1000m




Case |. 100m/s

densily

1.060e-+00
9.950¢e-01
9.300e-01

ddensity

6.000e+00
4.500e+00
3.000e+00
1.500¢+00

1.000e-06




Case |. 100m/s

densily

1.060e-+00
9.950¢e-01
9.300e-01

ddensity

6.000e+00
4.500e+00
3.000e+00
1.500¢+00

1.000e-06




Case |. 100m/s

densily

1.060e+00
9.950¢e-01
9.300e-01

ddensity

6.000e+00
4.500¢+00
3.000e+00
1.500e+00

1.000e-06




Case |. 100m/s




Case 2. 200m/s

density

1.060c¢ +00
9.950e-01
9.300e-01
8.650e-01
8.000e-01

Time= 60

ddensity
6.000¢ +00
4.500e+00
3.000e+00
I.500¢+00
1.000e-06




Case 2. 200m/s Time= 0

density

1.060c¢+00
9.950e-01
9.300e-01
8.650e-01
8.000e-01

ddensity

6.000¢ +00
4.500e+00
3.000e+00
1.500e+00

1.000e-06




Case |. 100m/s Case 2. 200m/s
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c AREIX, BHRRATY THRBIELT
AGAICELTWS. KEIRATY TD=E
EHEDHRICEY, COFRRE[EE
TED (7).



