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Abstract 
In this work we run numerical simulation of gasdynamic to study Riemann problem for the case of collision 
between two supersonic flows. We analyzed the profiles of density, velocity, pressure, furthermore we inspect for 
the late time the Mach number which is represent the shock strengths, the specific internal energy density, the 
total energy density, and the entropy related quantity. 

Our results reveal that the collision between two supersonic flows leads to the formation of two shocks separated 
by a contact discontinuity, as well as the numerical results for Euler equations and the exact solution are close to 
each other. 
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1. Introduction  
Riemann problems for the equations of hydrodynamics are defined by the initial conditions (Lowe, 2005) 																								ߩ, ,ݑ ܲሺݔ, ሻݐ ൌ 	 ൜ߩ௟, ,௟ݑ ௟ܲ ݔ	ݎ݋݂				 ൏ ,௥ߩ0 ,௥ݑ ௥ܲ			݂ݎ݋	ݔ ൐ 0																																																																							(1) 

Values of density, velocity, and pressure (ߩ௟, ,௟ݑ ௟ܲ) are the pre-shock conditions (unshocked gas); the shocked 
gas (ߩ௥, ,௥ݑ ௥ܲሻ are the post-shock conditions, the conditions after the shock. 

The general solution depends on the Riemann problem at a hand.  

The simplest Riemann problem for Euler equations are that in which	ߩ௟ ൌ 	,௥ߩ ௟ܲ ൌ 	 ௥ܲ, and ݑ௟ ൌ ௟ݑ ௥ and withݑ ൐ 0. 

In this work we will discuss the case in which two supersonic flows collide. We also assumed that the 
converging gas that has not yet gone through the shock front is undisturbed. 

The problem we have to solve is to find the shock velocity, density, and pressure in the compressed region: ݑ௖	, ,௖ߩ ௖ܲ (Clarke & Carswell, 2007; Artzi & Falcovitz, 2003).  

The Mach number ߤ of the shock is: 																																									ߤ ൌ ௨೗ା௨ೞ௖ೞ,೗ 																																																																														(2) 																																							ܿ௦.௟ ൌ ටߛ ఘ೗௉೗																																																																												(3) ܿ௦,௟ is the speed of sound for the post-shock gas, and ߛ ൌ ହଷ. 
The more common way to define the shock relations is in term of shock’s Mach number ߤ. 

The Rankine-Hugoniont conditions can be written as: 																																				ఘమఘభ ൌ ௨మ௨భ ൌ ሺఊାଵሻఓమሺఊିଵሻఓమାଶ																																																														(4) 

 



www.ccsen

 

The intern

The entrop

2. Numeri
The differ
discontinu

We run th
density, an
related qua

 

Table 1. In

R

 

The domai

The total t
(Lax & Liu

The compu

The densit
in the fast 

 

Figure 1. 

 

The gas on
move with
profile. Th

net.org/apr 

nal energy store

py related quan

ical Results an
rent Riemann 

uity will genera

e simulation w
nd pressure, a
antity. 

nitial condition

Regions 

Right 

Left 

in size of 1 is d

time (t = 0.05
u, 1998)  

utation has bee

ty, velocity, an
flow (S1), a sh

Density, veloc

n the left in Fig
h negative velo
he shock movin

																					
ed in the gas is																		
ntity is 															
nd Discussion

problem is w
ate if the flows

with the initial
s well as the 

n of the simula

Densit

divided into 10

8 s), and the t

														
en performed u

nd pressure pro
hock in the low

city, and pressu
blue line), ve

gure 1 is movi
ocity. The two 
ng to the right 

Applied 

																௉మ௉భ ൌ
s the work don																			ߝ
																									

n 

when two flo
s are supersoni

l conditions in
Mach number

ation 

ty(gm cm-1 s-1)

1 

0.1 

000 computati

time between 

						Δݐ ൌ ஼ܰி௅
using CFL num

ofiles in Figur
w flow (S2), an

ure as a functio
elocity (the gre

ing with a posi
shocks propag
sweeps up the

Physics Resear

15 

ൌ ଶఊఓమିሺఊିଵሺఊାଵሻ
ne along the adߝ ൌ ଵሺఊିଵሻ ௉ఘ			
ߦ ൌ 						ఊିߩܲ

ows will be c
ic. 

n Table 1, and 
r, specific inte

) Vel

onal cells of le

outputs ሺ∆ݐ ൌ
௅ ∆௫௠௔௫|ሺ௨ೝି௖ೞሻ,ሺ௨
mber	ሺ ஼ܰி௅) of

re 1 shows the
nd a contact di

on of position.
een line), and p

itive velocity a
gating one tow
e materials into

rch

ଵሻ																			
diabatic path an																				
																								

collided. Two 

inspect for a l
ernal energy, t

locity(cm s-1)

2 

1 

ength (∆ݔ ൌ 0ൌ 5.8 ൈ 10ିହሻ
೗ି௖ೞሻ|																
f 0.5. 

e collision lead
iscontinuity in

. The three pro
pressure (the r

and it is faster 
ward the other, w
o a high-densit

																					
nd define by: 																					
														      

shocks separ

late time the g
otal energy de

Press

.001ሻ. ሻ is calculated

																     

ds to two disco
 between the c

 
ofiles correspon
ed line) 

than the gas on
with a sharp ju
ty layer.  

Vol. 6, No. 1;

																				
																				
            

rated by a co

graphs for velo
ensity, and ent

sure(gm cm-1 s

1 

10 

d using Equatio

            

ontinuities; a s
colliding flows

nd to: density

n the right whi
ump in the pre

2014 

			(5) 

			(6) 

 (7) 

ontact 

ocity, 
tropy 

s-2) 

on 8; 

 (8) 

shock 
s. 

(the 

ich is 
ssure 



www.ccsen

 

The shock
lab frame h

 

Table 2. M

 

The densit
(Quartapel

Figure 2 e
simulation

 

Figure 2. T
(t = 0 s)

 

Speed of t
therefore, 
the contact

If we comp
can conclu

The comp
propagatin

net.org/apr 

k strength whic
have been mea

Mach numbers 

R

ties of the exa
lle, Castelletti,

explains the tim
n.  

The density pr
), in between w

the three disco
we have speed
t discontinuity

pare with the p
ude that the nu

putational resu
ng from the lef

ch is characteri
asured from th

and shock’s ve

Regions 

Right 

Left 

act solution at
, Guardone, & 

me evolution 

rofiles as a fun
when the time 

ontinuities in 
d of the right s

y traveling with

previous value
umerical solutio

ults of the Ma
ft to the right a

Applied 

izes by the Ma
he pre and post

elocity in the l

Ma

t different tim
Quaranta, 200

of the two sh

nction of positi
reaches to 0.0

Figure 2 can 
shock is 4.91 
h speed of 3.51

es in Table 2, t
on is very clos

ach number in 
and they are cle

Physics Resear

16 

ach numbers in
t shocks condit

ab frame 

ach Number 

2.12 

6.73 

mes of the sim
03), as it is sho

hocks and the 

ion for four ou
19 s, 0.038 s, a
0.057 s) 

be measured 
cm s-1, the left
12 cm s-1.  

they are very c
se to the exact 

the lab frame
ear in Figure 3

rch

n the shocks fr
tions and the r

Shock’

mulation have b
own in Figure 

contact discon

utputs files; at t
and at end time

easily by look
ft shock movin

close to each ot
solution for th

e and the spe
3. 

rame and shock
results illustrat

s velocity (cm

4.67 

1.4 

been changed 
2. 

ntinuity at fou

 
the start of the 
e of the simula

king at the ran
ng with speed 

ther. Dependin
his Riemann pr

cific internal 

Vol. 6, No. 1;

k’s velocities i
es in Table 2.

m s-1) 

linearly with 

ur time steps o

 simulation at 
ation at time (t

nge of the out
of 1.51 cm s-1

ng on this resu
roblem. 

energy density

2014 

n the 

time 

of the 

time 
t = 

tputs. 
, and 

ult we 

y are 



www.ccsen

 

Figure 3.

 
Again ther
from the le
energy den

The total 
changes th

 

3. Conclus
Conclusion

1) Collisio
contact di
high-densi

2) The num

net.org/apr 

 Profiles of the

re are two sho
eft to the right
nsity reaches in

energy density
he direction of 

Figure 4. The

sions 

ns of the prese

on of two supe
iscontinuity. T
ity layer.  

merical results

e Mach numbe

ocks S1, S2, an
t, while the se
nto the high le

y is low acros
the flow for th

e total energy d

ent numerical s

ersonic flows l
The forward S

s for Euler equ

Applied 

er in the lab fra

nd a contact di
econd shock w
evels at the sho

ss the first sho
he shock wave

density and the

study can be su

eads to forwar
Shock moving

uations are clo

Physics Resear

17 

ame and the sp
position 

iscontinuity in
wave is spread 
ock wave movi

ock wave. Bec
es moving to th

e entropy relat

 

ummarized as 

rd Shock and r
g to the right

ose to the exa

rch

pecific internal

n Figure 3. The
from the right
ing to the right

cause of they 
he right. This i

ed quantity as 

follows. 

reverse Shock 
t and will sw

act solution an

 
l energy densit

e first shock w
t to the left. Th
t.  

are an entrop
s illustrated in

 
a function of p

moving towar
weeping up th

d the flows ar

Vol. 6, No. 1;

ty as a function

wave is propag
he specific int

py waves, whi
n Figure 4. 

position 

rd each other a
he materials in

re allowed to m

2014 

n of 

ating 
ternal 

ch is 

and a 
nto a 

move 



www.ccsenet.org/apr Applied Physics Research Vol. 6, No. 1; 2014 

18 
 

with arbitrary velocities tangent to the initial discontinuity. 

3) The Mach number, specific internal energy density is not constant across the contact discontinuity surface. 

4) The line dividing between two regions is a contact discontinuity, will be separated two flows of different 
entropy but the same pressure and velocity. 
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