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QdV +

∮

S

nFdS + Φ = 0; � ��	

Q = (ρ,m, ρe, ρβ, ρα); F = (m, (mm)/ρ + PI, m(e + P )/ρ, (mB)), B = (β, α);

Φ = (0, 0, 0, 0, ρwβ, ρwα); P = ρRT, e = RT/(γ − 1) + V2/2 + βq;

wα =
dα

dt
=

−1

τind
= −k1P exp(−E1/RT );

wβ =
β

dt
= −k2P

2β2 exp

(−E2

RT
− (1 − β)2 exp(−E2 + q

RT

)
,
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j=1

T−1HSj + SkE;
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�
E = P (0, 0, 1, 0, 0, 0)T

�
Sk 
 û�î�ð
ý çsí'ï

ù�ð�ó}ð�ê�ð�ì2ñ�é�ç
ë
âw��å�ãiä�â
ñ�é�ç
ë
ë
â
ó�çx�
T 
 æ$çvä�é
â���çOû
å�é
åmõ�ð�í ç�ð
äy�
â�î�â
ë}í'é
â
ô
å�ã�ó
â�õ�ó}ð�ð�é
í'â
ë�çvä�ó

ó
é
â
ê�ðvî�â
ë
å�ì
ë
ú1æz�
n = (nx, ny)

�
τ = (τx, τy) 
 ê�å�ó¡ä�ð�é
úJë
ð�é
æ$çgî�âÆâSó�ç
ãXçvä�åmî�ï�ë
ð�ìÄóSñ�é�ç
ë
â

Sj

�
u = nV

�
v = τV

�a{�å�ó¡ä�ð�é/û
ð
ä�ð�ó�ç�ë�ç�ñ�é�ç
ë
â
H

ê�ú1ô
â
ãmî�÷�î�ã«÷/û
ðOö=ð�é
æcèsî�å �

H =

(
Hl + Hr +

6∑

j=1

α̃j|λ̃j|ẽj
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ũ, ṽ, h̃, β̃, α̃ = Ku, v, h, β, αj +(1−K)u, v, h, β, αj+1, h = γP/(γ− 1)ρ+V2/2, V = (u, v).{�å�ó¡ä�ð�é
α = L∆Q 
 û
é
ð�â¡òXê�å±í'å�ë
â
å@ê�å�ó¡ä�ð�é�ç<ë
å�â¡òXê�å�ãiä�ë
ú�õ2ã�â
ãiä�å�æ�ú � ��	�êGí'åmî�ïsävç � ö=ð�é
æ�åë�ç�æ$çvä�é
â��¡è×î�å�ê�ú�õ,ã�ð�ù�ãiä�ê�å�ë
ë
ú�õ,ê�å�ó¡ä�ð�é
ð�ê���ó}ð�æ�û
ð�ë
å�ë¡ä�ú

α̃j

ê�å�ó¡ä�ð�é�ç
α

â
æ�å�üÌä�ê�â}í

α̃1 = −∆ρ + ṽ∆ρvã2, ϑ = (γ − 1)/2ã2, � ~�	
α̃2 = 1 − ϑ(ũ2 + ṽ2∆ρ + (γ − 1)(ũ∆ρu + ṽ∆ρv − ∆ρe + ∆ρβ)/ã2,

α̃3 = ϑ(ũ2 + ṽ2 − ũ/ã∆ρ/2 + ã/2 − ũϑ∆ρu − ϑ(ṽ∆ρv − ∆ρe + ∆ρβ),
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Qn+2 = L(2∆t)Qn, L(2∆t) = Li(∆t)Lj(∆t)Lj(∆t)Li(∆t),
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Li(∆t) = I − ∆t

Vi

[F̂i+1/2Si+1/2 − F̂i−1/2Si−1/2 + SkE],

F̂1/2 = 1/2[F̂0 + F̂1 + R̂1/2Φ̂
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