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Abstract
Background/Objective: Planetary nebulas are glowing shell of gases that are ejected from the central star. The main
objective of this paper is to present a model for NGC6369 planetary nebula. Methods: The central star is an old star
(type O) with magnitudes between -3 and +5. These stars are quickly evolving into white dwarfs. In this paper, dynamic
and ionized structure of NGC 6369 planetary nebula based on the interaction model of two stellar winds is discussed.
Results: This high velocity wind will collide with a super stellar wind after a while, and creates a dense area, where this
area is the same nebula under study. The stellar wind begins to blow at a mass loss rate of 1 x 10 -5 Msun/yr and a speed of
10 km/ s. After a while, the wind ends, and a high velocity wind starts blowing. Conclusion: If the problem assigned a typical
velocity of 2000 km/ s, it has achieved a mass loss rate of 4.5 x 10 -9 Msun/yr.
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1. Introduction

Planetary nebulas are individual nebulas that often have
a bilateral symmetry, in fact they are the gaseous shells
ejected from the central stars not long ago. Center stars
of the planetary nebulas are old stars with a typical
temperature of T ≈ 5 x 104 or more. Their absolute
luminosity ranges between -3 and +5. These stars
are evolving rapidly toward white dwarfs, and their shells
are expanding multiple times the speed of sound, typically
equivalent to 25km/s. Because their density decreases
through the time, their expansion decline, and eventually
disappear quickly (in cosmic time scale). Planetary
nebulas’ life expectancy is a few ten thousand years.
Due to the central star’s high temperatures, planetary
nebulas are generally more ionized than ΗII regions, and
they often contain large amounts of He ++ , therefore,
beside recombined HI and HeI lines, He II lines also exist
in their spectrum. In addition, the[OIII]and[NeIII]colloidal
lines in their spectrum are stronger than that of scattered
nebulas. In the cases where planetary Nebulas have less
ionization, their spectrum is quite similar to that of H
II
regions.
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Spatial distribution and kinematic properties of
planetary nebulas show that they are old bodies in terms
of time scale, and are usually called or old disk population
or population I old bodies. This indicates that what we
consider as young planetary nebulas, are actually old stars
approaching their final evolution.
Typical density observed planetary nebulae is in the
range of 10 4 cm-3 -10 2 cm-3 and the mass of the central star
ranges between 0.1 M sun and 1.0 M sun .
Some planetary nebulas have been observed
in our nearby galaxies such as the Magellanic Clouds
and M31, however, their brightness intensity is less than
HII regions. Nevertheless, by spectral measurements of
these planetary nebulas, we have obtained information
about the speed, elemental abundance and stellar
evolution in these galaxies. With the help of HST images,
we have found that these nebulas have also shapes like
planetary nebulas in our galaxy1.
Studying planetary nebulas can be done in
two theoretical and observational methods. In Theoretical
methods, ionization structure and dynamics of planetary
nebulas is studied. So far, one-dimensional, twodimensional, and more complex models have been
presented for planetary nebulas.
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2. Research Methods
One of the appropriate models to explain the planetary
nebula dynamics is the interaction of winds model:
The model first introduced2 in 1978. Here, we study the
evolution of planetary nebula dynamics by the interaction
between high velocity winds (scattered by the central star
after AGB stage) and the slow interstellar winds (ejected
by the central star in AGB stage in the past). When the
stellar wind collides with the interstellar medium, a shock
wave is being formed. As seen in figure 1, star's internal
wave is moving toward the star and the external wave is
moving outward into the interstellar medium. Internal
wave, which is sweeping stellar wind is an adiabatic strong
shock wave and outer material that sweeps the interstellar
medium is a strong isotherm shock wave. Figure 2 depicts
that, these two waves create four zones around the star.
Below we describe the structure of these zones.

Therefore, this zone is hot. Since zone b has a low
density, high temperature and little cooling and its
dimensions are high relative to the star, this zone is called
the hot bubble zone.
Zone c: These are the stellar winds that the outer
wave has swept them. Consequently, the density of the
material in this zone is higher than interstellar area. This
is an isothermal environment with a high cooling rate,
therefore zone c is cooler than zone b and is thinner in
initial stages, and hence we consider this area as a thin
shell that makes our nebula. The supposition of the
shell being thin leads to attributing the same radius and
velocity for all parts of the shell. The movement equation
of this thin shell depicted in Figure 3 is obtained using the
law of conservation of momentum and energy.
Zone d: Is the interstellar material that the outward
shockwave has not passed through it. We divided this
zone into two parts including near and far, which the near
zone is ionized while the far zone is neutral3,4.

Figure 1. internal and external shock waves.

Figure 2. Outflow zones.

Figure 3. Thin shell approximation.

Zone a: is the zone with stellar wind materials that the
internal shock wave (s1) has not reached them yet. Since
this zone is not visible in observations, it should have
small dimensions.
Zone b: This zone includes stellar wind materials
that the inner shock wave has already passed through
them. Since the density is proportional to the inverse
square of the distance, the density decreases rapidly. The
temperature at the back of the interior shock wave is high
and is calculated by the following equation:

The key factor for shell expansion is the thermal
energy of the zone b, resulted from the kinetic energy
conversion of the high velocity wind in the formation of
the s 1 shockwave. This thermal energy creates a uniform
pressure P w in zone b, but as the time passes, the pressure
declines due to the expansion of the zone and increase in
the radius of the nebula.
It is clear that the density of the material decreases
with distance from the star. In 1989,Ghanbari introduced
a non-uniform density distribution function in time for
the dynamic structure of planetary nebula2.

Tb =

2

3 m H V*2
≈ 4 × 10 7 k
32
k
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m sw (1 + e sinn Q)
v sw ò

0

1
4p
2 		
n
(1 + e sin Q)dw r

(2)

 sw and v sw are mass rate and super wind
where m
speed respectively, and Θ is the polar angle. N is a whole
parameter and є is a real parameter and these parameters
cause the density function to be changed.
We do our calculations by assuming a spherical
envelope for the red giant; therefore, we assume a
spherical density distribution function. For this purpose,
є is assumed equal to zero, then the density function
becomes as follows:

 sw
m
ρ
ρ (r ) =
= 20 		
2
4πv sw r
r

(3)

blowing at time t = - t – t0, t years later, due to physical
changes in the star, high velocity winds begin to blow. If t 0
years later after the high velocity wind started blowing the
winds collide with each other and an interaction between
them occurs so the two wind would have collided at time
t = 0.
When super wind blows, the star is a red giant with
a radius equal to R rg ≈ 200 R sun , and when the high
velocity wind starts to blow the star radius is much
smaller than that of red giant. Therefore, if the two winds
collide in a distance R 0 from the center of the star at time
t = 0, then we have:
				
(8)

R0 = Rrg + Vsw (t 0 + t )

R0 = R ¢ + V fwt 0 » V fwt 0 				

(9)

For a shell of mass M s and radial speed R s at time t,
the equation of shell radial motion becomes as follows:

By eliminating R 0 between the two equations above,
the time scale t 0 is obtained as follows:

d 
[(Rs - Vsw )M s ] = 4pRs 2 Pw 		
dt

t0 =

(4)

The right side of equation (4) shows the force exerted
on shell, and the left side is the momentum change per
unit of time. Mass shell M s is also a function of time,
of which the changes are calculated from the following
equation5 :
2p
p
d
M s = ò ò r(r )(R s - Vsw )r 2 sin QdQdF
0
0
dt

(5)

The mass shell Ms is obtained by integration of
equation (5) with the use of equation (3) as follows:

Ms =

m sw
(Rs - Vsw t ) 				
Vsw

(6)

As we know, the energy of the zone b is in thermal
form and the thermal energy per unit volume of a single
atomic gas is 32 of the gas pressure, therefore, that the total
thermal energy of this zone will be equal to 32 P w v. The
law of conservation of energy can be written as follows:
d 3
dV
( PwV ) = Lw - Pw
			
dt 2
dt

(7)

Equation (7) shows that the rate of change of thermal
energy in zone b is equal to stellar wind energy blow rate
minus rate of doing work on interstellar medium6.
To find the radius, velocity, and other parameters
of the nebula, the above equations should be solved. To
solve these equations, we assume that super wind starts
Vol 10 (9) | March 2017 | www.indjst.org

Rrg + Vsw t

V fw - Vsw 				

(10)

We assume that at the initial time, shell displacement
is obtained by Rs = lVsw t + R0 and R s = lVsw relations,
where λ is the parameter that defines the initial velocity
of the shell. Since V fw>> V sw, then:

R0 = Rrg + Vsw (τ +

Rrg + Vswτ
V fw − Vsw

) ≈ Rrg + Vswτ (11)

This equation shows that even for minor timescales,
R0 will be much greater than the radius of the red giant.
Replacing R s and R`s values in the equations (4) and
(7), bubble pressure at early stages of expansion. The
energy of high velocity wind will be obtained according
to λ and the bubble pressure will have:

Pw = (

l -1 2 m sw 1
)
			
4pVsw t 2
l

(12)

For high velocity wind energy the following equation
is obtained:

3
Lw = l(l -1)2 m swVsw 2 			
2

(13)

Combining equations (4) and (7) we get the following
differential equation:
R R ( R − V t ) + 3R R ( R − V ) + 3R R ( R − V t ) + 3R ( R − V ) 2 = Lw
s s s
sw
s s s
sw
s s s
sw
s s
sw
2πρ 0
						

(14)
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Where Lw is the mechanical energy of the high-velocity
wind, and ρ 0 is the mass density of the super wind.
The equation can be solved for the initial values of the
radius, shell velocity, and stellar wind mechanical energy,
through numerical calculations.

3. Data Description and
Calculations
NGC 6369 planet nebula according to Perek – Kohoutek
catalog is (2 + 51)7. This planetary nebula is located in
the southern sky, equatorial and galactic coordinates is as
follows, respectively:
l = 2 / 43°, b = +5 /85°, and α = 17h29m20/40 s , δ =
23 °45’37/9”
This planetary nebula is a spherical nebula according
to Balick classification. The central star is a WC4 type
with a temperature of 91000 °K (Montero et al., 2004).
The images of this nebula which are taken by Hubble
Space Telescope are shown in Figures 4- A and 4- B.
In this work, we have assumed the Nebula spherical
and the density distribution of mass in super wind period
 sw 1 .
m
is assumed as r(r ) =
4pVsw r 2
According to the assumed density, as well as the energy
and momentum conservation equations, the equation of
shell displacement is obtained by the equation (14).
For the initial values of the radius, shell velocity and
mechanical energy of the stellar wind dependents to λ
and the equation can be solved numerically. Radius and
speed results in terms of time are shown in figures 5, 6,
and 7.

The distance to NGC 6369 is not well defined and
which can be estimated the distance over 2380 pc. Amunel
and Gathier calculated the distance to be 0.33 kpc and 2
kpc, respectively. Recently, Monteiro et al. considered
the average distance 1039 ± 538 pc according to other
people’s calculations. We proceed from the lower limit of
the distance suggested by Monteiro et al., and the distance
suggested by Gathier, and we compare these two.
Placing ϕ = 38” and D = 501 pc for the inner radius,
we obtain Rin = 0.04 pc. According to the figure 5, the
dynamic life equivalent to this equals to 1330 yr. For the
outer radius we need to calculate the nebula thickness,
and the nebula thickness is calculated from the following
equation:

æ ci
t s = ççç
è R - V

2

ö÷
÷÷
÷
sw ø

æ l ö÷ 			
ç
R
èç l -1ø÷÷ s

(15)

In figure 8, thickness variation is plotted versus time,
where R is obtained from chart (2 -2), R s (inner radius), λ
= 3 and V sw = 10 km/s and Ci = 12.87 km/s. With respect
to these values, the thickness will be 0.01 pc, and the outer
radius is obtained 0.05 pc.
Assuming 2000 pc for the distance, we obtain 0.18 pc
for inner radius, 5996 years for dynamic age and 0.29 pc
for the external radius.
To calculate the intensity of the spectral lines we
need ionization fractions of elements. To calculate the
ionization fraction we assume that the central star of
nebula radiates as a blackbody and with respect to the
geometry of the medium dilution, the ionization balance
equation, for hydrogen for instance, is written as follows:
-1

hu
ö÷
n(H 0 )R 2 ¥ 2u 2 æçç kTeff
÷÷ s  (u)e-tu du = n n a (H 0 ,T )
e
1
e p B
òuH c2 ççç
÷÷ H
r2
è
ø

						 (16)
Where,
r

τ υ = ∫ n H (r ′)σ H (υ )dr ′ 			
0

(A)

(B)

Figure 4. (A) NGC6369 planetary nebula image taken by
Gemini Telescopes; (B) NGC6369 planetary nebula image
taken by Hubble telescope.
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(17)

By simultaneous solving the equations (16) and (17),
hydrogen ionization fraction is calculated at different
distances from nebula.
We have obtained the total intensity of H β and He I
lines. For instance, for H β we have:

I Hb = hu ò nenH + aHeffb (T )dV

		

(18)
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FH β = 4πD 2 I H β 				

(19)

Where D is the nebula distance to the Earth.
In NGC 6369, the calculated flux of hydrogen Balmer
line is 2.88 x 10 -11 and calculated flux of HeI compared to H
β is 0.164, which is in good agreement with observations.
To calculate the Nebula radius before find its radio
and thickness. They can use the following relationships:
2
				
(20)
M = 4πRs t s ρ s
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Figure 6. Velocity changes versus time.
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rs = ( s
) r(r ) 				
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The effective recombination factor is a function of
temperature and electron density, however, because
at constant temperature there is not a lot of changes
for density 500 – 10,000 cm -3, therefore we ignore the
dependency on density.
Due to ionization fraction of elements, and given
the temperature of nebula, we can calculate the intensity
of recombination spectral lines. To calculate the flux
observed from the earth. We calculate the intensity of
spectral lines in the whole space, in other words, the flux
observed from the Earth is:

0.000030

(21)

5

t(yr)

Figure 7. Velocity changes versus time at initial times.
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where ρ s is the mass density of the shell, ρ (r ) is the
density of super wind, Rs and Ci are expanding rate and the
speed of sound in the shell respectively. After determining
the radius and thickness of NGC 6369 planetary nebula,
the mass is obtained equal to 0.07 Msun. Nebula mass
changes versus dynamic time is shown in figure 10.
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Figure 8. Shell changes versus time.

Figure 5. Nebula radius changes versus time.
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4. Conclusion
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Figure 9. Hydrogen and helium ionization fraction changes
versus radios.

Table 1. Comparison of observed quantities, and
the quantities obtained by the model
Observational
results
-------12/14
0/163
-------

Teff )k(
2VexpHI)km ⁄ s(
2VexpHeI) km ⁄ s(
Log FHβ(λ=4861)
FHeI(λ=5876)
tdyn)yr(
R )pc(
 )pc/yr(
R

Theoretical
results
91000
25/6
11/52
-10/53
0/164
5996
0/18
29/9

---

 Sω )Msun/yr
m

10×1

5-

10×5/4

---

m fω )Msun/yr(

VSW)Km/s(
VFW)Km/s(
D )pc(
mneb)Msun(

9-

---------

10
2000
2000
0/11

0.10
0.08

m(msun)

5. Recommendations
Since the cooling time in the early stages is very large
compared to the dynamic time, hence it has ignored it
in the energy equation. However, when the dynamic time
become larger and the density of material in the nebula
goes higher, cooling time gradually become shorter.
Therefore, the energy caused by cooling phenomenon
should be entered in the energy equation in future works.
Another approximations used in this model, is
the approximation of thin shell, in longer times. This
approximation can no longer be used, hence this model
needs to be modified. The most important issue here is to
use two-dimensional and three-dimensional models for
more accurate models.
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Figure 10. Nebula mass changes versus time.
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According to the work, the initial times of evolution and
shell velocity both are increased. As the shell is driven
forward, the velocity of the shell declines.
By placing the two values for the calculated distance,
∆R
value,
25% for the 501 pc, and 30% for 2000 pc can
R
be achieved, therefore, for both cases, the thin shell
approximation can be used.
The proposed work assumed that the NGC 6369
planetary nebula consists of hydrogen and helium and
draw the ionization fraction of hydrogen and helium
in the figure 9. As it can be seen in the diagram, almost
entire hydrogen and helium atoms are ionized, which is
reasonable due to the nebula’s high temperature.
Quantities derived from the stellar wind model are
stated in Table 1, and are in a good agreement with the
observed data.
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