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The flow of intracluster gas injected from galaxies by galactic winds or ram pressure 1s 

investigated by numerical time-dependent calculations in the beam scheme. 

Under a given gravitational field and mass loss rate, there are three flow patterns at the 

Hubble time, depending on the temperature of the injected gas. If we take a gravitational 

field of the Coma cluster, lower temperature of the injected gas than 10' OK and higher 

temperature than 3 X 108 OK result in wholly inward and wholly outward flow, respectively. 

For the temperature between them, there appears a partially inward and outward flow that 

the injected gas flows inwardly within a stagnation point and outwardly outside of it. 

The highest X-ray luminosity is expected for the case of the pure inflows, because of 

high central gas density. The pure outflows become steady at the Hubble time and result 

in the lowest luminosity in spite of higher central temperatures. The partial flows are the 

intermediate case. It is concluded that the results for the pure inflow or partial flow models 

are consistent with X-ray observational data of the Coma cluster. 

§ I. Introduction 

Many clusters of galaxies are known as powerful X-ray sources!) and models 

of X-ray emissions from these clusters have been proposed. There are two types 

of the models, that is, the thermal bremsstrahlung model and the inverse-Compton 

model. However, observations of X-ray spectra and of iron line emissions at 7 ke V 

from clusters 2 J.sJ seem to support the existence of a hot intracluster plasma with 

a temperature of 108 oK and favor the thermal bremsstrahlung model. The iron 

line emission also suggests that the hot plasma might be supplied not only from 

primordial matter left at the initial formation of galaxies but also from stars 111 

galaxies where the nuclear synthesis proceeded. 

Gull and Northover4J and Lea 5l studied static models of hot primordial matter. 

They and other authors6l computed the infall of the primordial gas or the intra

cluster gas distributed homogeneously. They, however, ignored the effect of the 

gas ejected from stars in galaxies into clusters. 

The theory of stellar evolution reveals that a part of stellar mass is shedded 

into galaxies when less massive stars evolve from the giant branch to the horizontal 

branch,') while observations directly show that mass loss from stars occurs as 

planetary nebula and supernova. It is also likely that the stellar winds from 
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752 Y. Hirayama, Y. Tanaka and T. Kogure 

vanous types of stars and mass loss from flare stars8J add gas to interstellar matter. 
The fate of the ejected gas is argued by several authors. Mathews and Baker9J 

showed that in a typical elliptical galaxy the ejected gas flows outwardly if super
novae supply sufficient energy. Ipavich10J argued that cosmic rays give rise to the 
outward gala~tic winds in ellipticals. Steady wind solutions were analysed by 
Johnson and Axford11J who pointed out the possibility of outward flow, inward flow 
and partially inward and outward flow that the injected gas flows inwardly within 
a stagnation point and outwardly outside of it. It is expected that if the stagnation 
point of the partial flow locates near the center of the galaxy, most of the ejected 
gas from stars flows out of the galaxy. In addition to the galactic winds, the 
injection into the intracluster space is possible by the stripping of gas from galaxies 
moving in dense gaseous matter.12l In clusters of galaxies, there may be a primor
dial gas left at the formation of galaxies and/ or gas injected from galaxies. Lea 
and De Y oung13J calculated in detail the distribution of the density, temperature 
and velocity of the gas stripped from a model galaxy. Both mechanisms cause 
the injection of the ejected gas from stars in galaxies into the intracluster space. 

Although Yahil and Ostriker14J studied outflow models in clusters of galaxies 
and obtained steady solutions, they were forced to assume huge heat supply for the 
interpretation of the observed X-ray luminosity of the Coma cluster. 

In the present work, we study numerically time-dependent behavior of the 
injected gas in clusters of galaxies as an extension of the work by Johnson and 
Axford.l!) Subsequent to the completion of our calculation, numerical time-depend
ent solutions of the injected intracluster gas were obtained by Cowie and Perrenod15J 

who argued the evolution of X-ray sources over cosmological time scales. Cowie 
and Binney16J also studied steady inflow models on the assumption of self-regula
tion at the central part. However, they discussed only the solutions of inflows, 
assuming a rather low temperature of injected gas. 

In § 2 we show the basic equations and our choice of non-dimensional parame
ters which determine the characteristics of flows. Fixing gravitational fields and 
mass loss rates, we calculate flows for various temperatures of the injected gas. 
In § 3 the time variations of distributions of physical quantities are obtained and 
flow patterns are classified by the temperature of the injected gas. The quantities 
relevant to X-ray observational data are also obtained. The results are discussed 
in comparison with the case of infall of primordial gas. It is shown in § 4 that 
the observational X-ray data of the Coma cluster are consistent with the present 
results for the cases of wholly inward flow and partial flow. 

§ 2. Models and assumptions 

According to King,m the spherical density distribution of galaxies in a cluster 
Is written as 

(1) 
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Flow Patterns of Cluster 1Vinds and X-Ray Emissions 753 

where r is the radius from the center, p* (0) the density of galaxies at the center 

and b the core radius of the cluster. The mass of galaxies within the radius r is 

obtained by integration of Eq. (1) as 

(2) 

where the core mass Jl.lc is defined by 4~Zb 3 p* (0) /3. In numerical calculations, we 

adopt the following \"alues of the Coma cluster181 for p* (0), b and the total mass 

of galaxies in the cluster 1\1* (6.5 Mpc), taking the Hubble constant equal to 50 

km sec- 1 Mpc- 1 : 

p* (0) = 4.55 X 10- 3.i\f:,/pc3 , 

b == 0.26 Mpc, 

i\f* (6.5 Mpc) cc· 2.92 X 1015 J'vJ0 . 

As a first approximation, we neglect the time variation of the total mass and of 

the density distribution of galaxies, and the self gravity of the injected gas. As 

mentioned above, it is beyond the aim of the present paper vv·hich mechanism of 

the injection is effective. We suppose that all the gas ejected from stars is added 

to the intracluster matter immediately. If the clusters are initially gas-free, the 

gas flowing out of galaxies by galactic winds accumulates so that ablation by ram 

pressure may become effective. We assume for simplicity that the gas is i'1jected 

with zero relatiYe velocity at the constant mass loss rate from galaxies. 

Heat conduction should be taken into account in our interesting ranges of the 

temperature and the density. However, if there are some small scale magnetic 

fields such as those suggested from observations of the radio halo in the Coma 

cluster,19l the conduction may be suppressed sufficiently. We then neglected it in 

the present study. In our calculations, we have taken the cooling by thermal 

bremsstrahlung into account. On these assumptions, we may write basic equations 

as follows: 

()p 1 i) 2 

---,- - (r pu) = a,p* (r), 
at r Dr 

( Du __ , Du) + uP G 2\11 * (r) 
p--,-u~ a,p*u=----p , 

Dt ar ar r 2 

(3) 

(4) 

(5) 

where a, denotes the specific rate of mass loss from galaxies, 8 the specific internal 

energy of gas, 8* the specific internal energy of the injected gas, and Q the 

cooling of thermal bremsstrahlung equal to 5 X 1020p2T 112 erg sec- 1 cm- 3• We as

sume a, and 8* to be time-independent. The specific internal energies are gi\·en by 

(6) 
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754 Y. Hirayama, Y. Tanaka and T. Kogure 

where T * denotes the temperature of the injected gas, mH the hydrogen mass and 
others have usual meanings. We have assumed fully ionized pure hydrogen gas, 
that is, 

P=2kpT/mH. (7) 

In order to show the characteristics of flows in clusters, we rewrite Eqs. 
(3) 0J (5) into a non-dimensional form. Since it takes the Hubble time, tH, before 
the cooling becomes effective, the difference of physical quantities between the cases 
with and withou,t cooling is as small as a few per cent. Thus, we ignore the 
term of cooling in the following discussion. 

If the following non-dimensional variables are introduced, 

r'=r/b, t'=t/(b/c0 ), 

p'=pj(a,p*(O)b/c0 ), u'=u/c0 , T'=T/T*, 
(8) 

where c0 = (10kT*/3mH) 112 , is the sound velosity, and if Q=O, we may rewrite 
Eqs. (3) 0J (5) as 

f)p' +2_ _!!_(r' 2p'u') =f(r') (9) at' r 2 or' , 

p' (au'+ u'au') + f (r') u' = - ~ __!!__ (p' T') - T g (r') p', (10) at' or' 5 or' 

Here we have a non-dimensional parameter 

T= 3GMcf!;_ 
2 ' 

Co 

and non-dimensional density and mass distributions 

g (r') = [ln {r' + (1 + r' 2 ) 0· 5}- r' / (1 + r' 2
) 0· 5] /r' 2

• 

(12) 

(13) 

(14) 

It appears that if a, is varied as {3a, under a given gravitational potential and 
a given T *' the values of p (r, t) and P (r, t) become {3 times the original values, 
while T (r, t) and u (r, t) keep unchanged. Therefore, it is noted that the flow 
pattern of winds in clusters is determined by the parameter r which is a ratio of 
the central gravitational potential to the square of the sound velocity. The in
troduced non-dimensional parameters and variables are slightly different from those 
of Cowie and Perrenod/5J because of different units. The scaling law reveals 
that the X-ray luminosity proportional to p2T 112 for thermal bremsstrahlung is 
transformed as a/. This scaling law will be used in § 4. 

We have coded a program in the spherical symmetric beam scheme20J that 
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Flow PatteTns of Cluster 1Vinds and X-Ray Emissions 755 

the accuracy was \'erified for standard problems. The model cluster is initially 

gas-free and gas begins to be injected into the cluster. As inner boundary condi

tions, neither a sink nor a source is assumed. The velocity of gas at the center 

is set equal to zero, which differs from that of Lea 51 and Cowie et al_1 5
l The 

pressure and the density beyond the radius of the cluster R = 6.5 Mpc are taken 

zero. It has been verified that the flow within r = 2 Mpc and the X-ray luminosity 

is independent of the yalue of R. The space grid size .dr was uniformly taken 

50 kpc, since the luminosity is sensitive to the value of .dr. Indeed, the total 

luminosity of X- rays for Jr = 100 kpc decreased to a half of that for the case 

Jr =50 kpc, although the flow pattern was not changed. 

In our calculations, a time-independent value of a, is taken 3 X 10-· 19 sec- 1 due to 

Huchtmeier et al.21l Physical quantities for other values of a, are able to be obtained 

by the use of the scaling law, because cooling is ineffective at the present cases. 

Thus, for the fixed values of a, b and p* (0), T * remains as a parameter deter

mining T. Since galaxies in a cluster move in high speed, the gas injected from. 

them \vith zero velocity has kinetic energy corresponding to galactic dispersion 

velocity. The kinetic energy is transformed into thermal energy and T * may be 

equal to the kinetic temperature of galaxies. According to Lea and De Young, 13) the 

temperature of gas stripped off from moving galaxies is about 106 °K or less, which is 

rather lower than currently expected values. 

However, in order to study the effect of T * upon the flow pattern, we take 

six spacially constant values of T * as shown in Table I. In the last column of 

Table I, is added the case where 1\. varies spacially. Taking account of the radial 

dependence of galactic dispersion velocity, v 9 (r), we reduce the kinetic temperature 

T*(r) =mHVg2 (T)/6k from the tabulated data by King.m In this case, as the 

radius increases, the kinetic temperature decreases from 6.8 X 107 oK at the center 

to 2.3X107 °K at R=6.5Mpc. 

Table I. Computed results at nearly the Hubble time in a cluster of galaxies with the 

total mass of galaxies of 2.92XlO"Me, and the core radius of galactic distribution 

of 0.26 Mpc. 

T* (oK) 106 5Xl07 10' 2X108 3X10' 4Xl08 OCVg 2 

------ ---

t (X10 17sec) 3.1 3.0 3.2 3.0 3.0 3.1 3.0 

r 606 12.12 6.06 3.0:-3 2.01 1. 53 
r_ (Mpc)a! 6.5 0.8 0.65 0.4 0.0 0.0 0.75 

T, (X108 °K) 1. 53 1. 53 1.56 1. 65 1. 87 2.33 1. 56 

N, (xl0- 3cm- 3) 8.9 7.1 5.6 2.9 1.1 0.38 6.6 

Lx (X 1045erg/sec) 3.7 2.5 1.7 0.55 0.14 0.033 2. :) 

b, (kpc) 356 358 366 368 429 500 363 

a) radius of stagnation point. 
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756 Y. Hirayama, Y. Tanaka and T. Kogure 

§ 3. Numerical results and discussions 

1) Flow patterns in clusters 

The computed results at the Hubble time are given m Table I. It appears 
that the gas becomes pure inflow for the case T * = 106 OK cr = 6.06). For inter-

10.------.-------,------,---, 

5 3.04 X 10'" 

- 10 o ':-------o-2--------'4,--------6',-----' 

r (Mpc) 

Fig. 1. Distribution of velocities for T*= 
5 X 107 "K. The time is labeled on curves 
in unit of seconds. 

20..-----.----,.-----,-------, 

3.04• 10'" 

0 o~--~2~--~4~--~6~~ 

r(Mpc) 

-9 

6 

Fig. 2. Distribution of number densities for 
T * = 5 X 107 "K. The time is labeled on 
curves in unit of seconds. Curves enter· 
ing the top of the diagram refer to the 
scale on the right. 

Fig. 3. Distribution of temperatures for T * = 
5 X 10' "K. The time is labeled on curves 

in unit of seconds. 
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Flow Patterns of Cluster 1Vinds and X-Ray Emissions 757 

mediate temperatures from 5 X 107 OK cr = 12.1) to 2 X 108 OK cr = 3.03)' there is 

the stagnation point at the radius r _, within which flow is inward, while the flow 

is outward outside of r_, For the case T* = 3 X 108 OK cr = 2.0) or larger, we have 

wholly outward flows. 

The time variations of velocity, density and temperature distribution for T * 
=5 X 107 oK are illustrated in Figs. 1, 2 and 3, respectively. The injected gas of 

T * = 5 X 107 oK initially flovvs toward the center except the gas near the outer 

boundary and a compression wave propagates from the center. In the outer ex

panding region decreases the temperature o£ gas, while the temperature in the 

inflow region gradually increases due to adiabatic compression. Moving outwardly, 

the compression vvave weakens, which reaches the outer boundary at t~3 X 1017 sec. 

The final velocity field of our runs for T * = 5 X 107 oK shows that flow is inward 

within r _ = 0.8 Mpc, whereas, outside of that value of r_, outflow is realized with 

the velocity of a few 10 to 100 km sec- 1• The central temperature is increased 

up to T,~ 1.5 X 108 oK which is not enough to make flow outward. The density 

of gas is monotonically increased with time at all points. The total mass o£ 

injected gas till t c= 3 X 1017 sec amounts to 2.44 X 1014JJ0 , most of which is retained 

111 the cluster. 

For the case of higher temperature T * = 108 °K, the flow is similar to that of 

T * =c 5 X 107 oK except weaker compression waves. For T * = 2 X 108 °K, the gas initi

ally expands against the gravitational field at the center where the pressure gradi

ent is the steepest. The expansion of the gas in the central region forms a 

compression wave that propagates outwardly. At t = 4 X l016sec, the gas in the 

central region is cooled down to 1.45 X 108 oK due to adiabatic expansion and turns to 

infall. Thus, the central density is increased. At t = tH, the flow is inward 

within r _ = 0.4 Mpc, while outward outside of r -· 

For the case T * = 106 °K, the gas injected from galaxies wholly accretes toward 

the center at the initial stage. After a bounce, a shock wave generates and 

propagates outwardly. The gas in the central region is heated up to ~ 108 oK by 

the shock wave. At t~l0 17 sec-- 1 when the shock front reaches at r~2 1/Ipc, 

the velocity of infalling gas before the front is about 1250 km sec-\ while the 

velocity of the gas behind the front is 200 km sec-\ which decreases tovvard the 

center. Thus, the gas heated up by the shock wave is successively warmed by 

adiabatic compression. At t~3 X 1017 sec, the shock wave arrives at r = 4.2 Mpc 

and the gas flows inwardly as a whole. The velocities of the inflow before and 

behind the shock front are 700 and 200 km sec-\ respectively. At this time, the 

central temperature reaches 1.5 X 108 °K. The central number density of the 

gas N, is 9Xl0- 3 cm- 3 • Therefore, the cooling time (r,=3N,kT,/Q) equals 

4 X 1017 sec that 1s larger than the Hubble time and the cooling is ineffective even 

111 this case. 

In Figs. 4, 5 and 6, are shown the feature of the velocity, density and tem

perature distributions for 3 X 108 °K. Initially, the flow is similar to that in the 
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758 Y. Hirayama, Y. Tanaka and T. Kogure 

~2 ., 
~ 
<f) 

E 
,;:: 

"' 0 

::::-1 
~ 

0 

3.48 ·1o'• 

2 

4.97 X 1016 

\ 

1.03 •10 15 

4 6 
r (Mpc) 

Fig. 4. The same as Fig. 1 but for T* c= 

3 X 10' "K. 

3.03' 1017 

%~----~2------~4------~6~~ 

r (Mpc) 

E 
u 

-7 
3.48 ·1o'• 

1.67• 1016 

18 
! 

1.03• 1015 

-9 

Fig. 5. The same as Fig. 2 but for T * 
=:) X10 8 °K. 

Fig. 6. The same as Fig. :1 but for T* 
=3 X1080K. 

case T * = 2 X 108 °K. A compression wave generates at the center, which moves 

outwardly and grows in strength until it reaches at the outer boundary. Then, 

the velocity of the gas gradually decreases due to the gravity, for instance at 
1-=5 Mpc, from 2000 km sec- 1 at t=5 X 1016 sec to 1000 km sec- 1 at 3 X 1017 sec. 

Although the initial strong expansion results in the decrease of the temperature 
in the central region, the gas never turns to infall contrary to the case T * 
= 2 X 108 °K. After t"-"2 X 1016 sec, the central temperature becomes nearly constant 

value of 1.8 X 108 °K, while the temperature in outer region decreases with time. 

The density increases monotonically at all regions in the cluster. The final 
central density of Nc"-" 10- 3 em - 3 is seven times smaller than that for the case 
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Flow Patterns of Cluster vVinds and X-Ray Emissions 759 

T * = 5 X 107 °K. The total mass of gas in the cluster is 1.3 X 1014 M 8 . The velocity 

distribution for T * = 4 X 108 oK is similar to that for T * = 3 X 108 °K. The compres

sion wave, however; reaches the outer boundary faster than in the lower T * case 

and the pure outflow becomes nearly steady state at t'"'-'1.5 X 1017 sec. This seems 

to correspond to the steady solutions by Yahil and Ostriker.w 

In Fig. 7, the time variation of Tc and Nc is shown. It is noted that Nc for 

T * = 4 X 108 oK becomes constant with time and that the central temperature for 

the cases T * = 106, 5 X 107 and 108 oK is nearly the same value of 1.5 X 106 oK in 

spite of the difference of T *" 

-~l~----------------------

8~~ 10
8 

5·107 

1o• 

4·10" 

2 
( 1017 sec) 

3 

-4 

Fig. 7. Time variation of the central tem

perature and the central number density 

(dotted curves) for attached values of 

T*. 

2) X-ray luminosities 

46.----.--------.--------,--~ 

4·108 

2 3 
t (10" sec) 

Fig. 8. Time-dependence of total X-ray lumi

nosities for various values of T *" The 

dotted curves denote the case where the 

temperature of injected gas decreases 

with the distance from the center. 

The time variation of total X-ray luminosity from the hot gas in the cluster 

due to thermal bremsstrahlung is shown in Fig. 8 for various values of T *" 
It appears that as time increases, the luminosity increases smoothly and monotoni

cally for all cases. The luminosity decreases as T * is increased for a given mass 

loss rate. This is caused by the decrease of the central density due to the decrease 

of falling matter towards the center. For T * = 4 X 108 oK, the curve becomes con

stant as the gas flows steadily. The curve is also given in Fig. 8 for the case 

where T * (r) varies spacially. It seems that the behavior of the X-ray luminosity 

1s insensitive to the radial distribution of T *" 
The core radius of gas density distribution, b9, 22> is evaluated and tabulated 
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760 Y. IIirayama, Y. Tanaka and T. Kogure 

in the last line of Table I. For pure inflow and partial flow, bu is approximately 
constant and small, while b9 increases for pure outflow as T * increases. 
3) Comparison with primordial gas infall models 

The behavior of primordial in£alling gas was studied by Lea and others.6l, 15) 

Hirayama'31 computed the inflow of the primordial gas in the beam scheme method 
under the same values of p* (0), Ai*, b and the same boundary conditions as in 
our calculations. The specific rate of mass loss from galaxies is equal to zero. 
At the initial time, the temperature and the density of initially homogeneous gas 
with zero velocity are taken as 106 oK and 10- 29 g cm- 3, respectively. The density 
given here is that necessary to produce nearly the same total mass o£ gas in a cluster 
as that of gas after tH for our case of mass injection from galaxies. According 
to Hirayama, as the primordial gas infalls, large gravitational energy is released at 
the center so that a strong shock wave generates and propagates with the velocity 
of se\'eral thousand km sec- 1• He obtained that at t = tH, b9 equals 6.50 kpc, Tc 
"--'2.8 X 108 cK, ~IV,"--'2.5 X 10- 4 cm- 3 and Lx"--'4 X 10 13 erg sec- 1• Since the central 
density and the )(-ray luminosity depend upon the initial density of gas, these 
should not simply be compared with our case of mass injection. Because in the 
case o£ pure inflow and partial flow with mass injection, most of the gas is supplied 
at the central region where the density of galaxies is high, the gra\-itational energy 
released is smaller than in the case of the primordial gas distributed homogeneously 
at the initial time. Thus, the gas is piled up at the central region for our case. 
Moreover, the continuous injection of cooler gas from galaxies tends to decrease 
the central temperature. These seem to be the reason why T, and b" for our cases 
are smaller than those for the case o£ the primordial gas. 

§ 4. Comparison with observations 

The observational data of X-ray emissions from the Coma cluster22J indicate 
that the total X-ray luminosity Lx is 5 X 10H erg sec-\ the spectrum suggests the 
existence of a hot gas of 108 oK and bg equal to 650 kpc. 

We tabulate in Table II the yalues o£ the central number density and the 
corresponding mass loss rate which lead to the obsen-ecl luminosity. These are 
obtained from Table I by using the scaling law that the velocity field, Tc and b9 

are unchanged, if the cooling is ineffective. As a wide range of the mass loss 
rate is suggested between 10- 18 and 10-'0 sec-\ 9J,w we cannot determine the unique 

Table II. Central number densities and mass loss rates of models for observed total 
X·ray luminosity of 5.0 X 10"erg sec-'. The values of T, and b, are the same as those 
in Table I. 

T* ('K) 10' 5X107 10' 2X 108 3 X 108 ! 4 X 108 

i 
ocvr/ 

I 
---------- ----- - - --- - - ------------ - -- --

1v, (X 10-'cm- 3) 3.3 3.2 3.0 2.8 2.1 1.5 3.1 
a, (X 10-"sec-') 1.1 1.3 1.6 2.9 5.7 12 1.4 

-
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values of T* and a, from the observed X-ray luminosity. 

For the case of the primordial gas, the central temperature IS two times 

as large as the observed value and bu agrees with that of the Coma cluster. 

Although bg for pure outflow seems to agree with the observation, Tc is also 

higher. It should be noted that non-conductive pure inflow and partial flow of 

injected gas seem to account for the luminosity of X-rays, the gas temperature 

and the existence of the iron emission line in the Coma cluster. Although bg is 

a factor of 2 smaller than the observation, further high resolution X-ray telescopes 

may improve them. For instance, Malina et al. 25l observed the core radius of 10', 

that is, bu=0.4 Mpc. 

§ 5. Conclusion 

We summanze the present arguments for the behavior of intracluster gas 

injected from galaxies in a cluster as follows. 

(1) Under a gravitational field which is typified by the Coma cluster and a giVen 

mass loss rate, there are three flow patterns, depending on the temperature of the 

injected gas, at the Hubble time. For higher temperature than 3 X 108 °K, the gas 

flows wholly outwards and approaches a steady state within the Hubble time. 

The gas of lower temperature than 106 oK becomes pure inflow, while for inter

mediate temperatures, partial flow is appeared that the gas flows partially inwardly 

within a stagnation point and outwardly outside of it. 

The central temperature for inflow and partial flow is 1.6 X 108 oK independent 

· of the temperature of the injected gas at the Hubble time, while for pure outflow, 

it becomes higher than 1.6 X 108 oK as the temperature of the injected gas increases. 

(2) Some of observational data of the Coma cluster, that is, the total X-ray 

luminosity, the temperature of a hot plasma, the core radius of the gas distribution 

and the existence of the iron emission line seem to be interpreted by pure inflow 

or partial flow of the injected gas. 

(3) The pure inflow or partial flow model predicts rather a compact X-ray source 

than the primordial gas infall model and pure outflow model. 

The iron emission line in X-rays from clusters shows that the chemical abun

dance of the hot gas is not equal to the cosmic abundance. This may mean that 

the hot gas is a mixture of the primordial gas and the injected gas from stars 

through galaxies. The flows of such a mixed gas are investigated by one of us 

(Y. H.) and will be published elsewhere. 
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