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pu = prui = J. (23.73)
pu?+p+ P = plu% +p + P, (23.74)
1 |
u (5;}4:2 +e+p+ E+ P) + F' = uq (Eﬂl uf +e1+p1+ E+ Pl) :
; (23.75)
- dP dacl™ dI’
po_c4__raer 4 (23.76)

kp dx 3kp dr
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pauz = prul = j,

Lo E%U%#F_) paus + pa + P> = prui +p1 + P,
1_ 2 v P2 N —1P2 o l 2 VPl —lPl
< RHF*ﬁ{I%\L 5“2 N — 1 0o 05 — 2“’1 T N — 1 N T 01 ‘

v op2 AP ( Y P1 +4P1)

T=1p2 2 v=1p o,
1. 1 1 o
2 pPr P2
7 P> — (pg + P 1
p2+ P — (p1 1) _ P aiM3: = —yp M3, (23.81)
P2 — P1 P2 P2

where a; (= \/vp1/p1) is the sound speed in the upstream region, and M;
(= u1/ay) the Mach number of the upstream flow.
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3kp dr (2PU N b ) :

v — 1

1 ~
- (5;91&1% + — TPt 4P1) ui. (23.82)

Eliminating u (= p1u1/p). and again introducing the Mach number M; (=
u1/ay) in the upstream region, we can arrange the above equation as

dacT®dT _ [1apy ) o (1)
3kp de |2 pr 0 P

L (E - P_l) L AP 4P1}p1ul, (23.83)
~ —1 P 21 P 1

Similarly, the momentum conservation (23.74) is rearranged as

p—p1 = praiMj (1 - ’“;1) — (P —Py). (23.84)
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Substituting equations of state p = (R/u)p1 and P = aT*/3 into equa-

tions (23.83) and (23.84), we have two equations on the two variables (p and
T):

dacT3 dT 1 R 0\’ ~ R T
= —~—Ty M? — 1 —T1 | =——1
3kp dx {9 7 M [( p) i v — 1 7 ! (Tl )
1 4 T\* |
+——(1T4 A () —1 }plul. (23.85)
p \ 1y '

21 3
7\ 4
— — 11 .(23.86
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Introducing the nondimensional quantities, p (= p/p1), T (= T/T}) and
r (= aw/ly, 1 being a typical length scale), we can finally express equations

(23.85) and (23.86), respectively, as

doy T3dT  ~ 1 N - T4
LS oM (-1 (T—1) +4a1 [ = = 1)23.87)
Bim1 p dx P> ¥ —1 P

L +yMi - Ct’l(jﬂ‘ﬁl —1) - \/1 +yM; — al(fii —1)]% - 4’“M%f
2T

p p—
(23.88)

where oy (= P1/p1), B1 (= uy/c), and 7y (= kpify1). From the physical
viewpolnts, we here separate several parameters, although 4, and 7 can be

renormalized 1n the coordinate scale. In addition. the root for p was chosen
so as to p(17) = 1.
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p2 (v + M3

Ny = = — : : 23.89
P2 01 (v = 1) M3% + 2 ( )
N P2 E“M% — (v —1) o
Dy = —= = : 23.90
P2 P1 7y —+ 1 ( )
- T 2yMi—(v=D][(y=1)MF +2] o
To = = = = > - : . 23.91

day T3dT  ~ (1 v (s ,

i R —g 1 * (T - 1) | 23.02

Bim p dx ZZ‘-Ml (;:;:2 ) ° ~v—1 ( )

L4y M3 = /(L4 M2y MET
“""f‘ p = i : (23.93)
3 > ,




S5 A

%

HRAEEER

o ZERBEXTER
o] ;Eix*%iﬁ(iﬁ%ﬁ

# —i1sothermal shock

o IERSTMEEHEKCEAEHNIRILY
—h ERA~NEAL. BIBFGEIE D
REELARIES, AREER
DiGE . BB EI EGDHE &
ROEEIXIRFZERL. TR
@/mr_lné-d_é _F/)Il.a)/mlr_cj:
UELIEENELD T, D&

. BIBRREIR Z F LK (T TULS,
2019/8/10 ASI Mee

e v=5/3;0,/B,7,=0.00001;

M,=10
40 S
T
30 A .
f 20¢ -
oL 3 i
: P
0“‘T“‘.’I_¥’—|’J ! | |
04 -02 0 02 04
:



S &L AL
RS {25
e AU LRIBREE DBEATER

4P24P11(p2p1)(1 +l)_0. (23.98)
02 01 2 221 02

Py, — P : P oA |
270 P = ST a2, (23.99)
P2 — P1 P2 1 1
which are easily solve to yield
f.'}z J\/[lf(ll o
= 2 _ _ 23.100
f32 P1 "Mlﬁ aq + 8 (23 )
- P 6y M2 /o — 1 o
p,= 2 OMijaa =1 (23.101)
P ( '
1 1dP 1~ 1 P SR
— - — = M| -1 +4[=—-1]. (23.102)
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Fig. 25.2 Post-shock quantities as a function of My in the gas-pressure dominated case
(I" = 5/3). Solid curves represent po, where 1 = 0.00001,0.001,0.1 from right to left.
Chain-dotted ones mean TQ._ where 1 = 0.00001, 0.001, 0.1 from right to left, while two-
dot chain ones are p2, where 1 = 0.00001,0.001,0.1 from right to left. Finally, dashed
ones denote the pre-shock wi, where 1 = 0.00001, 0.001, 0.1 from bottom to top.




A8 >t Em A ER S TE BT 22
NAEES

e HIER7ELE e [=5/3

40——F—————1— T
 (a) 14

2.0 . */: - ,p,_

| I ¥ - ;
f 1.0 >
- I v/e*100 = 5
0 a/c*100 |
1.0- o

__20 | L
-100 -80 -60 -40 -20 O
X

Fig. 25.4 Typical solutions for the radiative precursor region of the relativistic radiative
shocks in the gas-pressure dominated case as a function of the normalized coordinate. Thick
solid curves represent p, thin chain-dotted ones T, thin two-dot chain ones p, thin dashed
ones v/c (upper) and a/c, thick dashed ones M, and thin solid ones F. The parameters
are I' =5/3 and (a) r1 = 0.00001 and M1 = 2.46 (p2 = 7.3, 51 = 0.01), and (b) v1 = 0.1
and M1 = 2.20 (p2 = 9.3, 51 = 0.74). The density distribution is discontinuous, while the
temperature one is continuous.
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Fig. 25.6 Post-shock quantities as a function of M in the radiation-pressure dominated
case. Solid curves represent p2, where 1 = 0.00001,0.001,0.1 from right to left. Chain-
dotted ones mean T, while two-dot chain ones are Pg both do not depend on No. Finally,
dashed ones denote N2, where N1 = 0.00001, 0.001, 0.1 from right to left. The parameters
are I'=5/3 and a1 = 100.
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Fig. 25.8 Typical solutions for the radiative precursor region of the relativistic radiative
shocks in the radiation-pressure dominated case as a function of the normalized coordinate.
Thick solid curves represent p, thin chain-dotted ones T, thin two-dot chain ones P, and
thin solid ones F. The parameters are I' = 5/3 and a1 = 100 (a) N1 = 0.00001 and
M1 = 24.8 (N2 = 0.000022, 31 = 0.01), and (b) N1 = 0.1 and M1 = 52.85 (N2 = 0.55,
B1 = 0.91). The temperature distribution is continuous.
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hpu = hi1p1u1 = j (constant),

£ 1Mass ﬂUX h.(_p-u. +p+P)= h.l(plul +p1+ P1)
1 Y —lP

£ momentum ﬂllX hpu (—H + b + —) + hF =
2 vy—1p p \

o energy flux hiprn ( Lo, 2 p m)
2 Y — 1 P1 P1

e radiative diffusion p__cdP_ _decl7dT
kp dx 3kp dx

e vertical hydrostatic &AM, _»+P

3

T '[J'
G \f; o p1+ P
r{’ 1= p1
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e overall jump conditions @ ZE p

o PLANIEILELET o RE u
e HRE p, BETE P
o [BH h

hapaus = hipruy = j.

ha(paus +p2 + Po) = hi(prui +p1 + Pr),
2 +

Uy + : = —Uj] + —— + :
’ ¥ — 1 22 22 2 : ¥ — 1 21 21
v'e ﬁ _ p1p2+ Ps K
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VP2 AP, ( VPt AP )

v —1 po P2 — 1 p; P1

h
1 hay, Py)—(p1 + P
| L %3 (P2 2) — (p1 1) (m hq P2 :’!2) = (. (12)

2 :—2 P2 — p1 p2 ha  p1 ha
ho
ke: Ry P2 >
{ (p2 + P2) — (p1 + P1)] = ,,-'g_';l,f\/[él3)
hy P2 — P1

where M1 (= w1 /a1) the Mach number of the upstream flow,
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o Overall jump conditions

L $E§T.I-E P 1P AP 1 ;::_Ep? — P (Pl h1 P2 hg)

=0,

P2 21 E F_ﬂ — 71 P2 hg 21 }1.1

hg _ P Ps
h2? T P2 Py’

P 1
E_ghg_ [ —E—E—Q—hgpg =0,

Yoho = Ps.

and finally solved as
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sl v - 2 - ! 1037
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o Overall jump conditions
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where oy = Py /pq.
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» Radiative Precursor e FRETE P
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T131 p dx 2 o h2p? P

Again, introducing the surface density X (= hp). and ¢
nating /. we can obtain the following equations:
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