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SUMMARY 

A study has been made of the free-molecule flow of a polyatomic gas past a 
body, with special reference to the evaluation of accommodation coefficients. 

A model of the gas-surface interaction is devised, based on the phenomenon 
of physical adsorption. Using this model, expressions for the thermal 
accommodation coefficients of the various energy modes of a polyatomic gas are 
developed by postulating that the energy exchange at the surface is governed by 
equations similar in form to the gas-phase relaxation equations. The expressions 
so obtained are dependent on the relevant integral heat of adsorption and the 
various relaxation times involved. Some suggestions are put forward as to how 
these relaxation times could be evaluated since, once their behaviour is known, 
the results of this report will provide a simple method for estimating the 
accommodation coefficients in a wide range of flow conditions. 

This report is based on work conducted by the author at The College of Aeronautics 
in partial fulfilment of the requirements for the Diploma in Advanced Engineering. 
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LIST OF SYMBOLS 

The symbols defined below are those used throughout; others which appear 
briefly are defined in the text as they occur. 

E. 	Energy flux carried to a solid surface by incident molecules 

E
r 	

Energy flux carried away from a solid surface by reflected molecules 

E
w 	

Denotes E
r 

when T
r 

= T
w 

(see below) 

K 	 Function of speed ratio and incidence occurring in E. 

Ni 	Number of molecules striking unit area of surface per unit time 

Q 	 Heat of adsorption per mole of adsorbed gas 

R 	 Gas constant referred to unit mass 

R M 	Molar gas constant 

T. 	Temperature of incident stream 

T
r 	

Temperature of reflected stream 

T
w 	

Temperature of solid surface 

S 	 Ratio of stream speed to most probable molecular speed 

Number of degrees of freedom in an energy mode 

Pi 	Normal momentum flux to surface ( incident molecules) 

Pr. 	Normal momentum flux away from surface ( reflected molecules) 

P w 	 r  Denotes p when Tr  = Tw  

a 	 Thermal accommodation coefficient 

/1 	 Normal momentum accommodation coefficient 

Angle of incidence 

Relaxation time associated with translational and active modes 7 
a 

7 i 	
Relaxation time associated with inert energy modes 

T 	 Average time of adsorption 

T 
0 	

Period of vibration of adsorbed molecules normal to surface 

Affix t refers quantities to lower surface of flat plate (see Fig. 1) , 

u refers to upper surface 



List of Symbols (Continued) 

For quantities associated with the separate energy modes of a molecule : 

No prime refers to translation mode 

❑ne prime refers to active mode 

Two primes refer to inert mode 

Bar denotes quantities referred to all modes 



1. Introduction 

If a gas flowing over a body satisfies the two conditions, that the mean free 
path of the molecules is large compared with the dimensions of the body, and 
also that an element of volume of the gas contains a sufficiently high number 
of molecules to determine the macroscopic properties of the flow, then the 
flow system is designated a free-molecule flow. That such flow conditions 
can exist in practice is shown ( I )  by the fact that when the mean free path in 
the upper atmosphere is 10 feet, the number of molecules in a cubic inch. is 
about 1013. Experimental evidence indicates (2)  that when the ratio of mean 
free path to a characteristic linear dimension of the body is greater than 10, 
then free-molecule theory is applicable_ The above ratio is known as the Knudsen 
Number, after Martin Knudsen who pioneered work in this field. 

A considerable amount of work on the free -molecule flow of monatomic gases 
has been published, and complete accounts of the basic theory can be found in (1), 
(2) and (3), to name but a few of the available sources. There is, as yet, no 
completely self-sufficient theory of free-molecule flow. All the investigators in 
this field have introduced certain average flow parameters, which will be 
defined later, where these parameters are determined experimentally. The same 
course has been followed in this work, where the aim is to predict the trends followed 
by the aerodynamic characteristics and the heat transfer under real gas flow 
conditions and not their absolute magnitudes. 

Since the term polyatomic covers a large number of different species of 
molecules, (all having different numbers of degrees of freedom) for the purposes 
of this investigation a simplified model has been adopted. In our model, the 
molecules have an arbitrary number of internal modes of energy, but all modes 
except one maintain thermal equilibrium with the translational energy dfiring any change 
of state. A physical example of this type of gas would be a diatomic gas, with an 
active rotational mode of energy and an inert vibrational mode. The terms active 
and inert are used here as in (4) to describe modes having negligible and significant 
relaxation times, respectively. Furthermore, it is assumed that in the gas upstream 
of the body all the internal modes of energy are fully excited, i.e. in thermal 
equilibrium with the translational energy. We assume also that chemical reactions 
do not occur anywhere in the flow system. These assumptions, whilst admittedly 
restrictive, do leave a range of applicability of the results, which is wide enough 
to be of interest. 

One of the consequences of the basic definition of free-molecule flow is that the 
molecules incident on a surface do not interact with the molecules reflected or 
re-emitted from the surface. Thus the flow can conveniently be broken down into 
the incident phase, the gas-surface interaction phase, and the reflected phase. 
and each phase may be considered separately. However, since the reflected phase 
is really the end product of the gas-surface interaction, we need only consider the 
incident and gas-surface interaction phases. 
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2. Incident phase  

The interaction of the gas with the surface gives rise to physically 
measurable quantities; the rate of heat transfer, normal pressure and the skin 
friction. These quantities are related to the amounts of energy, normal 
momentum and tangential momentum which are carried by the molecules to unit 
area of the surface in unit time. The method of obtaining expressions for these 
quantitites can be found in several of the references given in this report, but for 
convenience we will give a brief derivation here. 

Consider a flat plate moving with velocity a = (71, V. W) at angle of incidence e, 

through a uniform polyatomic gas. The temperature of the undisturbed gas is Ti and 
the number density is ni . Let us define co-ordinate axes fixed relative to the 
plate as shown in Fig. 1, then, viewed from these axes, the molecular velocity 
components are u 	U, v = 7+ V, w = W+ W, where U, V and W are the thermal 
velocity components of a molecule. We will assume that the molecular motion in 
the undisturbed gas ahead of the flat plate is Maxwellian. 

2.1. Basic equations  

The number of molecules which strike unit area of the plate in unit time and 
have velocity components in the range u, u + du; v, v + dv; w, w + dw ; is then 
n1  of du dv dw. f is Maxwell's velocity distribution function given by 

e
- 

f = 	
3 

3C 2/ 2C2  

( 2 7r C 2  ) 

where C = 4U, V, W) and C2  is the mean square of C. 

The total number of molecules striking unit area of the plate in unit time is 
now found by integrating the above expression over all possible values of u, v and w. 
Thus on the lower surface of the plate the limits of integration on V are 0 to 	, 
while on U. W they are from - co to + . To calculate the corresponding quantity 
for the upper surf gee, we integrate -ni  of du dv dw sine v must be negative, and 
the limits of integration on V are -co to 0. If we let Ni  and Ni  represent these 
number fluxes for the Juwer and upper surfaces respectively, then 

Ni 

N 
1 

n i 

=ni 

2 /-; 

_ s2 

Le 	v  

-S2  
[e 

S
v 

- 	S
v 

(I 

(1 

erf S
y
)] 

erf S)1 

(2.1) 

(2. 2) 
R T. 

27r  

where S = 
v C. 

2 

 iv to the most probable speed of the incident molecules, erf S
y = 

-777-  

and H is the Fis Constant referred to unit mass. Note that if we define S = q/Ci. 
then Sv = S sin 0 . 

-2 

is the ratio of the mass velocity component normal to the surface 
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To obtain the translational energy flux to the lower surface we integrate 
-1- ni  me v du dv dw where m is the mass of a molecule and c = (u, v, w). 

The limits of integration are as before. penoting the translational energy 
flux to the lower and upper surfaces by Ei  and EP respectively, we obtain 

1 

= 	
t 

m 	
r S2 	4eXp( -Sv2 ) + 5 Sy  VW (1 + erf Sy) 

E' 2 N 
i 	

1 R T
i 
 L —

2 
+ 

	

	  ] (2.3) 
4 Lexp(-Say) + Sy  Ng (1 + erf S

v
)] 

	

s2 	4eXp( -S2) - 5 Sy  ViT (1 - erf Sy) - 
Eu  2 m Nu. R Ti 

2  
L 

i 	
+ 	  

Let us write these as 

E 	(2 rni Ne R) (K
e 
 T.) 1 	 1 	1 

(2 m Nt1  R) (Ku  T ) 

where K and K
u 

are plotted for various angles of incidence in Figs. 2 and 3. 

The internal energy which is carried to the surface by the incident molecules 
can be allowed for by assuming that all internal modes are fully excited and that 
classical equipartition of energy applies*. Let us distinguish here between the active 
and inert modes of energy for use in later sections of this report. We will suppose that 
there are j degrees of freedom in the active energy modes and j" in the inert energy 
modes. Then according to the assumptions above, the amounts of active and inert 
energy carried to unit area of the lower surface in unit time are, respectively, 

E 
("E.Z)*  = 4 m N

i 
 j R T. 

and similarly for the upper surface, 

(E L.1) 	= 	i m NiNj R T. 
i 	 1 	1 

(Eu)11 	= 	m 	.„,,Ft 
Ti

1
N
i  

(2. 

(2. 

9)  

10)  

In a similar manner, by calculating the amounts of normal and tangential 
momentum carried to unit area of the surface per unit time, we can arrive at 
the following expressions for normal pressure N,andskffifrictionT

1
_due to the 

incident molecules. 

* This assumption is not strictly necessary and a completely general value for 
the energy in the internal modes could be taken. The classical value is used here 
for convenience only. 

4[exp(-S:) - Sy 	- erf S
v)] 

(2.4) 

(2.5) 

(2.6) 

E 
(E) ' = 1 m 	j' R Ti 
 Ni1 	J. 

(2.7) 

(2.8) 
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j' irR T.[ 2S 
v  

p. 	m N. 
1 

	

1 	2 	-{7T- 

1 + erf S
v  

(2.11) 
eXP( -Sv) Sv  .1/7-141 + erf Sv) 

    

	

u 	
1 

irn T. 	2S 
V  

p. • 	m N. 
2 	177 

1 - erf S 

 

exp(-S:r) - Sv  117(1 - erf Sv) 

cr.
1  
• =mN.qos0 

	
(2.13) 

cos  . • = m N. q 	El 
	

(2. 14) 

3. Gas-surface interaction 

It has been found experimentally that when a gas comes into contact with a 
solid at a different temperature, the energy and momentum exchanges between 
gas and solid are not, in general, complete. We say that the solid does not 
completely accommodate the gas. To define this discrepancy in terms of energy 
and momentum fluxes, consider a monatomic gas flowing over a surface whose 
temperature Tw  is different from Ti. Suppose that dynamic equilibrium exists, so 

that the number of molecules Nr  leaving unit area per unit time is equal to N. (as 

defined in section 2.1). Let Er  denote the actual energy flux away from the surface, 
and Ew  the flux which would exist if complete thermal accommodation occurred. 
TheniE.-E I 	E. -E

w
l in general, and we define the thermal accommodation 

r 	1 
coefficient as 

E. - E
1 	r 

a = 

If we define pr , pw , Tr , Tw  the normal and tangential momentum fluxes, where 

the suffices r and w denote the same properties as in Er  and Ev,, then we can 
define momentum accommodation coefficients. 

Pi - Pr n 

	

	 (3.2) 
Pi p 

and 	 T 
1 	r 
. - T 

=  	 (3.3) 
T. - T 
1 W 

When discussing a polyatomic gas, n and a.  can be defined exactly as for a 
monatomic gas, but the definition of the thermal accommodation coefficient will 
obviously have to include the internal energy flux. We can define either one 
coefficient for the total energy flux, or separate coefficients for the different 
modes of energy.. Thus if Ei  is the total energy flux Ei, 	Eill  the translational, 

active and inert fluxes respectively, then E. = E. + 	+ E l; and similarly for Er  

and E—
w 

we can define the total thermal accommodation coefficient 

E. - E 
1 W 

(3.1) 
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E. - E 
a 

 

(3.4) 

 

- F. 

and we can define 

• - 
a.' 	

Es1 	E r  - 
	 (3.5) 

and 
a" 

Ei! - EN  

 

(3.6) 

  

• - E
w 

for the active and inert energy modes respectively. Together with (3.5) and (3.6) we 
have, of course, a as defined by (3. 1) for the translational energy flux. It is easy to 
see that 

a(E 	- E 
w 

 ) + a' [E; - '] + all [e: - Evi] 
a  - 	= 	 (3.7) 

EE. - w 

When dealing with a monatomic gas we see that all the quantities needed to 
evaluate the overall flow parameters can be obtained. E., p. and T i  can be evaluated 

in terms of known quantities as in section 2.1. Furthermore, by making the assumption 
that the velocity distribution is Maxwellian 	pw  and T can be evaluated, as will 
be shown later. This leaves Er , pr  and T r . W Now the tonal energy transfer per unit 
time is equal to Ei - Er , the total pressure is equal to pi + pr  and the total skin 
friction is equal to Ti  - T r , and these three quantities are all capable of being 
measured experimentally. Thus with the aid of experiment we can find the variation 
of a, n and a with changing flow properties. 

In the case of a polyatomic gas, however, it is not possible to measure directly 
the energy transfers associated with the various modes of energy, but only their 
combined total. Thus a theoretical relationship between a, a' and a" , or a prediction 
of their respective variations with flow properties, would be of great use. As a first 
step in this direction we must proceed to examine the mechanism of the gas-surface 
interaction in more detail. 

All the parameters defined above will be dependent on the mechanism of the 
energy interchange between the gas and the solid. When Maxwell first studied 
this type of problem, he postulated that a fraction f, of the incident molecules, 
would be temporarily trapped by the surface whilst the remainder would be 
reflected specularly, i.e. with an angle of reflection equal to the angle of incidence, 
and a relative speed equal to the speed of the incident molecule. Those molecules 
trapped by the surface would be considered as coming from a gas inside the surface, 
at the same temperature as the surface. This latter type of reflection Maxwell 
termed diffuse reflection. It can be seen that when the velocity distribution of the 
diffusely reflected molecules is assumed Maxwellian then, for a monatomic gas, 
a, n and a can be expressed in terms of f. However, this model of the reflection 
process is nowadays considered to be too simple, and will not be adopted here. 
In fact, there is experimental evidence that for moderate values of the speed ratio S, 



- 6 - 

as defined in section 2.1. , the value of f is unity in the majority of gas-
surface interactions (6) . 

The more realistic model of the interaction, which is adopted here, 
is as follows. When a gas molecule collides with a solid surface, one of two 
apparently different forms of collision may occur. Thus the molecule may 
rebound immediately at some angle unrelated to its angle of incidence and at 
the same time undergo in general a change in energy. Alternatively, the 
molecule may be adsorbed on the surface for some time and then be re-emitted 
with different energy, and again the angle at which it leaves the surface will be 
unrelated to its incident angle. In the above we are referring to physical 
adsorption, in which the molecules are held to the surface by Van der Waals 
forces(6) . We are not considering chemi-sorption in which there is an inter-
change of electrons between the surface and the gas, dissociation, or any such 
process requiring high activation energy. The phenomenon of physical adsorption 
arises as a direct consequence of the form of the mutual potential energy existing 
between the molecule and the solid body. This potential energy can be 
represented by the curve shown in the sketch below : 

V is the mutual potential energy and z is distance measured along the 
outward normal from the surface. A molecule approaching the surface will 
have its kinetic energy of translation increased by an amount D as it 
proceeds from z = 11 	where V r 0 to z r zo. On passing through the point 
z = zo, it will meet the repulsive force, since for z < zo  V increases with 
decreasing z, and this stage of its journey represents its collision with the 
surface. If we now consider the surface smooth on the molecular scale and 
also rigid, the molecule will rebound with the major portion of its kinetic 
energy intact, and will thus be able to escape completely from the surface. 
On the other hand, if the surface is rough on the molecular scale and also non-• 
rigid, the molecule will give up the major portion of its energy without necessarily 
acquiring a sufficiently large velocity component normal to the surface, and will 
therefore not be able to escape from the potential well. An oscillating motion, 
between points A and B in the sketch, will be set up. Since surfaces are composed 
of atoms vibrating relative to each other, with cracks or interstices between, the second 
surface model is more realistic. 
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From the preceding paragraph it is clear that the quantity D is closely 
related to the so-called heat of adsorption which has been measured experimentally 
for a large number of gases and surfaccs(8). It has also been demonstrated(8) 

that D varies over the surface of the adsorbent (the solid taking up the gas). 
Therefore, if a gas molecule, on first colliding with a surface atom, hits that 
atom head on, on a part of the surface where U is smaller say, there is a 
possibility that the molecule will rebound with enough energy to escape the 
potential well. Furthermore, if we consider gas--surface combinations with 
smaller and smaller D, the probability of molecules escaping after one collision 
increases. ❑n this basis there is no necessity to differentiate between single 
inelastic collisions and physical adsorption, since we may take the one as being 
a limiting case of the other. 

Before we can complete the outline of our model of gas-surface interaction, 
we must decide on the process by which those molecules which are trapped in the 
potential well., eventually escape from the surface. There is no experimental 
evidence to guide us on this point, and we shall assume with Zwa.nzig(9), that this 
energy of desorption is communicated to the molecule by the chance coming together 
of sound waves in the surface lattice; these sound waves transfer a sufficient 
amount of energy to the molecule for it to escape the potential well. 

This, then, completes the outline of our gas-surface interaction model. 
A point to be noted is, that if we assume that the internal energy of polyatomic 
molecules is not affected by the m utual potential energy existing between the gas 
molecule and the surface, then the above model will suffice for both monatomic 
and polyatornic molecules. To fill in the detail of our model we have to consider 
what happens to the molecules whilst they are trapped on the surface, with 
particular regard to their energy changes. We shall do this first of all in the 
simpler case of a monatomic gas, since it is easier in this case to ensure that 
any assumptions we make do not violate available experimental data. 

3.1. Monatomic gas-surface interaction  

Consider a monatomic gas at a certain temperature Ti  in contact with a solid 
surface at constant temperature Tw ; free-molecule conditions being applicable, 
of course, as throughout this report. Then if a state of dynamic equilibrium exists, 
the average energy of the molecules in the adsorbed layer will be constant with 
respect to time. 	In the particular case of Tw  > Ti , this constant energy in 
the adsorbed layer is maintained by the following process. Molecules are continually being 
adsorbed and desorbed. The average energy of all the molecules which became 
adsorbed will increase during their time of contact with the surface. Thus dynamic 
thermal equilibrium is set up by energy being transferred at a constant rate from 
the solid to the adsorbed layer, this process being balanced by the continuous 
desorption of the higher energy molecules and the continuous adsorption of the 
lower energy molecules. Note that the heat of adsorption plays no part in this flow 
of energy since the body has to give it all up again as heat of desorption. 

A common assumption made, and one having some experimental justification, 
is that the adsorbed molecules do not interact one with the other(8). We will follow 
this assumption here, so that all the energy interchange is between the solid and 
the adsorbed layer of molecules and not between the adsorbed molecules themselves 
The molecules in the layer receive their energy changes by way of impacts with the 
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vibrating atoms of the surface. The vibration of the atoms will not all be 
normal to the surface, so that the adsorbed molecules will probably move 
over the surface in a hopping motion, rather than undergo oscillations on one 
spot. The degree of mobility of the molecules is discussed in (6). 

The amount of energy a trapped inolec,de can receive in any one collision 
is limited by the frequency spectrum of the vibrating atoms of the surface. 
Furthermore, molecules with higher energy, i.e. the faster moving molecules 
within the adsorbed layer, will be more likely to deform the surface lattice 
which they come into collision with, and these will be more likely to undergo 
an energy change. This is very similar to the energy exchange mechanism of 
the internal modes of energy of a polyatornic molecule in the gas phase. For 
such gas phase systems, the well known(2)  relaxation equation can be shown to 
describe the rate of energy transf....r between translational energy and internal 
energy. Therefore we will apply this type of equation here, and examine the 
results of such an analysis in the light of experimental evidence. 

Since we are considering a state of dynamic equilibrium, the following method 
of considering the energy exchange is permissible. We can consider the Ni molecules 
which impinge on unit area of the surface per unit time, as all entering into energy 
exchange with the surface at the same time, staying an average time If (the average 
time of adsorption) arid all leaving the surface after a time interval T. The energy 
they carry away can then be equated to Er . Thus if E is the energy of the Ni  
molecules at a time t after adsorption, we postulate that a good approximation to 
the rate of change of E with time is given by 

8E 
- 	(E - E

w
) 

at 
(3. 8) 

where Ew  is as defined in Section 3, and •ra  is the relaxation time of the energy 
exchange. To draw the analogy in detail, E is equivalent to the inert internal energy 
mode of a gas, which can only receive energy from the translational energy mode 
via collisions. It cannot be stressed too strongly, however, that Ta  is an entirely 
different quantity from the gas phase relaxation time. 

The relaxation time in the gas phase is determined by the energy transition 
rates of the particular inert internal mode of energy being considered. One does 
not need to introduce the transition rates of the translational energy since the 
translational energy of a molecule is changed at every collision; translational 
energy changes occur 	without involving the internal energy. Thus the relaxation 
time is dependent only on the slower transition rates. These slower transition rates 
are in turn dependent on the translational motion and the energy involved in each 
internal mode energy change(2). 

The relaxation time we are concerned with will also be determined by the 
slower transition rates, but several differences are apparent. Since we are not 
allowing direct energy exchanges between adsorbed molecules, we may safely 
assume that they will have slower transition rates than the surface atoms. These 
latter will be continuously exchanging energy between themselves. However, the 
frequency of collision, and the probability of an energy exchange resulting from it, 
will now be determined largely by the motion of the adsorbed molecules, whilst 
the total energy available will be dependent on the temperature of the solid (i.e. 
the vibrational motion of its atoms). Thus it is not unreasonable to expect that To. 
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will show a marked dependence on Ti and Tw . 

The solution of equation 3.8 can be written down immediately since Tw  
is constant (with Ta  = const. ), or 

tiT a  
E = A e 	+ E

w 

Furthermore, when t = 0, E = E i  and also when t = T, E = Er  

- F/ra  
E

r 	
= (E. - F. 

w
) e 	+ E

A/ 

whence 

a 	= 	1 - e 1/1- a  

(3.9) 

(3.10) 

Note that as 	 , a • 1 and as T a  • co , a 	0, so that the limiting 
behaviour is as we would expect. Frenkel")  shows that 

Q/ R
M

T
w 

T = T 	C 

where 70  is the average period of vibration normal to the surface of the adsorbed 
molecules, Q is the average heat of adsorption per mole of adsorbed gas, and Rm 
is the molar gas constant. The variation of T with temperature is thus known, 
provided that the variation of Q with temperature is available from experiment. 
The experimental evidence on this point is inconclusive and we shall follow Brunauer's(8)  
advice in regarding Q as independent of temperature for moderate temperature 
variations. 

Before leaving the discussion on z one last point must be clarified, 
its variation with S, the speed ratio of the incident molecules. Nocilla(13)  

gives an expression for this variation, based on the assumption that the number 
of molecules in the adsorbed layer is independent of S. He derives this expression 
in order to explain the variation of the thermal accommodation coefficient with S, 
as reported by Devienne(14) . Frenkel, in his analysis, assumes a static gas but 
does not specify surface saturation (i.e. that all available adsorption sites are 
occupied). To assume the number of adsorbed molecules constant without knowing 
the conditions prevailing in the experiment does not appear to have any special merit 
over assuming z constant. Therefore in the rest of this work we will take T as 
constant for moderate ranges of S. Furthermore this variation of a (as determined 
experimentally) with speed ratio can be attributed to another cause (see section 3.2). 

On the basis of the above we can now predict the changes in T due to changes 
in temperature and speed ratio. The corresponding variation of Ta  has not been 
obtained explicitly, but some guidance as to its probable behaviour can be found 
in experimental results and will be discussed later. 

A rigorous proof that equation 3.8 is applicable to our problem has, up to now, 
not been forthcoming. However, we may say that such equations have been shown 
to hold for deviations from energy equilibrium, where the return to equilibrium 
is limited to one quantum energy change at each effective collision. According 
to Strachan, cited in(12)  such a limitation applies here, and we shall now outline 
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the steps which led us to postulate the applicability of equation 3.8. 

Assume a solid made up of harmonic oscillations all of the same frequencey 
v . This is the model Einstein used in his specific heat theory. Furthermore, 
following Strachan, the energy exchanges between solid and adsorbed layer are 
limited to one quantum hv per exchange. Let Ki±i i(e e + hv) be the rate at 

which an adsorbed molecule with energy in the range e, e + de, takes up energy 
hv 	from a surface atom with energy (1 + 1)h v . Similarly, Ki; i+i(e + hv, e) is 

the rate at which an adsorbed molecule with energy in the range e + by , e + hv+ de 
gives up hv to a surface atom with energy i h v. (i = 0, 1 , 2 etc.). Let Ne  de be 
the number of adsorbed molecules with energy e, e + de and n i  the number of 
surface atoms with energy i hv. 

Now it is well known(2)  that when considering transition rate of harmonic 
oscillators, we can take out a factor to allow for radiative effects and write 

K. 	. (e
' 
 e + hv) = (i + 1) K10  (e, e + h v) 

and 	K 
i+1 

 (e + h v, e) = (i + 1) K01  (e + hv, e) 

Thus we can write 

aE 
at 

h v 	L 	(i + 1) f 	[ n.1+1  Ne 
 K (e

' 
 e + hv) - n.N

e+hv Koi 
(e+hv, e) de 

1=0  

If we invoke the Principle of Detailed Balancing we can write, when E = Ew  

* * 	 * 	 * * 	* 
n.1 
	Ne+ti 

, 
v 
 (i. + 1) K 0 i (e + by e) = a. 	N

e 
 (i + 1 )K

10 
 (e, e + hv) 

1+1  

where * denotes equilibrium values. Now since we are considering the case where 
* 

w 
T is maintained at a constant value, we will assume that  ni 	ni 

••-• —*-- 
H. 	n. 

This will be even better if we limit ourselves to small values of I Ti  - T
me 

I. 

We may therefore write 

- N K (e, e + hv) e  

	

( + 1)  I 	 N
e+hv 

K
0, 

(e + h v, e) - * 
1-0 	 N K (e, e + hv) 
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Now consider K (e + hv, e). This is an energy transition rate which will depend 
D 



on the energy levels involved in the transition. Thus we may postulate that the 
following type of relationship will hold 

K01 (e + 	
e + 	A 

e) - 	. 
kT 	7. 

a 

where k is Boltzmann's constant, A is a non-dimensional constant and T a  has 
units of time. Making a similar assumption for Koi 	+ ht.), e), we can write 

a 
 

C 
E

w 
- 	E 	where C and C are non-dimensional 

a t 	=3=4' 	 .„..._ 

	

a 	 a 	 constants. r. 

Then on the assumption that E i , E and E
w 

do not differ greatly from ea..61k6ther 
a' +1 ..• 

C / T 
a

* 	 ,- —.1 	''.• 
la 

= CPI-
a 

so that 	 i 	4-,.„ • j  . 	.)  
_.) 	• r I • _.;. , 

8E _ - C 
(E - E

w
). 	 S:)...si at - T

a  

As we stated at the outset, the foregoing analysis is not intended as a rigorous 
proof of the applicability of this equation to our problem, but rather as the basis 
on which we postulate its applicability. 

in the next section we shall draw some conclusions as to the behaviour of T 

with changing T. and T, which contradict the views of Jackson and Howard(11) 
a 

W  and Devonshire 1(12). 	Their theories were based on the assumption that each 
gas molecule suffered only one inelastic collision with the surface (i.e. adsorption 
was disallowed) and this may explain the difference between their results and that 
given here. 

To summarise, we have an expression for a the accommodation coefficient 
of a monatomic gas, whose behaviour we can predict in a general way for 
variations of Ti, T

w 
 Q. the integral heat of adsorption, and S, the speed ratio of 

the incident molecules. In this next section available experimental results will 
be used to test the validity of our expression. 

3.2. Experimental evidence. Monatomiclases. 

There are a great number of experimental results available, giving the 
accommodation coefficients of monatomic gases on various surfaces. In the main 
these results all show the same trends, although in a number of cases vastly 
different values have been obtained for the same gas-surface combination. Most 
writers in the field put this down to different surface conditions, some experimenters 
having taken more care than others in ensuring a clean surface and a pure gas. 
However this need not worry us unduly since the main effect of a surface having 
an adsorbed layer of impurity,will be to change Q and hence F. This does not 
affect the applicability of our expression for a. 

The results we have chosen to demonstrate the variation of a when T
w 

- T. 

is kept constant are those by Thomas and Schofield, cited in (15) and  (16). 
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These results were btained for helium, neon and argon on a tungsten surface, 
varying Ti  from 100°K to 300°K and keeping Tw  - Ti  constant at 18°K. They 

are shown in Fig. 4, along with our theoretical curves. The values used in 
plotting the theoretical curves are also shown in the figure. It can be seen 
that for the lower values of the accommodation coefficient, suitably chosen 
constant values of rafr o  are sufficient to give quite a good approximation to 
the experimental results. For the argon curve, a suitable variation of Ta /T o  
with temperature would have to be introduced in order to obtain a better fit. 
However, even in this case, the assumption that Ta/To  is constant gives the main 
trend of the experimental results. It should be mentioned that De Boer(6)  states 
that argon on clean tungsten will have a value of Q = 3,000 cals. per mole approx-
imately. He also implies that over the temperature range concerned, he would 
expect a for argon to have a value of unity, so that we may feel justified in 
choosing a lower value of Q. 

For the results showing the variation of a with Tw  - Ti , keeping Ti  constant, 
we turn to (2) where results of Oliver are cited. These are for helium and argon 
on tungsten. The results, as given in (2) are shown in Fig. 5. These results 
are replotted as a against F/70  assuming Q = 2000 cals. per mole, from which 
is derived Fig. 6, showing To/Ta  against Tw  - Ti. As can be seen To/r, tends 
to zero as Tw  - Ti tends to zero. This is, at first sight, a surprising result 
since it means that as Ti • Tw ' Ta  4 00  . However, it should be borne in mind 
that Ta  may behave quite differently from the gas-phase relaxation time. Here 
again the value of Q for helium on tungsten is high according to De Boer, but we 
may safely assume that the surface was contaminated in some way, otherwise the 
low values of a found by Thomas and Schofield would have been obtained. 

The results of Oliver were obtained with a static gas and, as we have seen, 
can be explained by assuming our prediction of the behaviour of Ta  to be correct. 
Consider now a flat plate placed in a free-molecule stream, and let Tw  the 
temperature of the plate, be greater than Ti . Let us assume that a  is measured 
on the lower surface (referring now to Fig. 1) for increasing values of thE speed 
ratio. We see from Fig. 2 that at constant incidence, as S increases,  K  increases, 
aid eventually, if Tw  is maintained at a constant temperature, we would have 
K Ti  = Tw . Then, since we could replace Ti  in the static case by K Ti  in the 
non-static case, we would expect the measured values of a when plotted against S 
to decrease to zero at the value of S, where KtTi  = Tw  if our prediction of 7aIS 
behaviour is correct. The previously mentioned results of Devienne were obtained 
with an insulated radiating flat place normal to the flow. In working out his results, 
Devienne assumes that the accommodation coefficients of front and rear surfaces 
will be equal. However, we see from Figs. 1 and 2 that in the case of an insulated 
flat plate normal to the flow, the molecules striking the front surface of the plate 
would be giving it energy (K t  > 1), whilst those striking the rear surface would 
be taking energy away from the plate (Ku  c 1). Under these circumstances it is 
difficult to see how the results can be used to throw light on the variation of 
thermal accommodation coefficient with speed ratio. For this reason, these results 
will not be used as a comparison with the results of this paper. 

This is as far as we will take the comparison with experiment at this stage. 
The experimental results quoted follow trends which have been observed in more 
than one experiment, and we see that our theoretical results follow these trends 
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in quite a satisfactory manner. We will, therefore, proceed in the next section 
to apply similar methods to a polyatomic gas. However it would not be fair to 
leave this section without noting that some results, notably those of Roberts(17), 
can only be explained by our model if we assume that Q increases with temperature 
or, alternatively, that Ta/To  descreases with temperature. 

4. Polyatomic gas-surface interaction. 

Before we can proceed to apply the methods of section 3.1. to a polyatomic 
gas, we have to decide what the veues of the translational, active and inert 
energies of our molecules are, immediately after adsorption. In section 2.1. 
we obtained an expression for Ei which was made up, partly of the thermal motion 
of the molecule and partly of the mean mass motion of the incident stream. When the 
gas strikes the surface, the distinction diappears, and we may write, as in 
equations (2.5) and (2.6), E i  = 2m Ni  R KTi. Now at a later time the translational 
energy of the molecules will be E. Let us define a quantity T,by T=  E 

2mNiR 

Then as E varies from Ei  to E r , T will vary from K Ti  to Ti.. Now consider the 
active energy which the Ni molecules carry to the surface. From equations (2.7) 
etc. , this is given by Ej = i m Ni 	Ti . Let E' denote the energy of these 

molecules at a later time, t, and define T' = E 	m N. j'R , then T' will change 

from T to T' as E' changes from 	to E' 

Here we are considering an active mode and, by definition, an active mode 
adjusts itself immediately to any change in the translational mode energy. In the 
gas phase this adjustment takes place via molecular collisions. Since in this 
case there are no inter-molecular collisions, we will take "active" as meaning the 
active mode will adjust itself to the surface temperature at the same rate as does 
the translational mode. In the same way we define T8  for the inert mode and note 
that it varies from T. to T , r

. 

When, in the previous section, we were only concerned with the translational 
energy, it was reasonable to assume that Ew  was the state to which E would tend. 
However, now the internal energy only comes into contact with the surface,insofar as 
it is brought into a collision by the translational motion. Furthermore, we know 
that energy transition rates are closely linked with the binding forces applicable to 
the mode of energy concerned. For example, in the gas phase the transition rates 
of, say, a vibrational energy mode are much slower than the transition rates of 
the translational energy, and the forces binding the atoms together into molecules 
are much stronger than the mutual forces between the molecules. If, in the case 
of adsorption, the forces which bind the molecules to the surface become such 
that the transition rates for the translational and active energy modes are less 
than the transition rates of the inert energy, then we have chemi-sorption, and 
probably dissociation. Thus for physical adsorption, we postulate the following 
equations as governing the energy exchanges : 

oE 
—  (E - E ) 	(E - E') - 	(E - EN2) 

at 	 W T 	 1  T. a 

(E' - E' ) 
3 

(E" - 	) 

8E' 
at 

8E" 
at 

1 

a 
1 
T 

1 
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where 7-  T' and T. are the relaxation times associated with the translational, 
a 

active and inert modes respectively, El  is the energy the translation mode would 
have if it were in equilibrium with the active mode; Elas  is the energy the trans-
lational mode would have if it were in equilibrium with the inert mode; E3 and 
E: are the energies the active and inert modes respectively would have if they 
were in equilibrium with the translational mode. We now want to say that r'a  

is negligible when compared witty/J. However, for a moving (K # 1) gas, this 
implies an instantaneous change in E and E' at the moment of adsorption, since 
when the gas becomes adsorbed all its translational energy is made up of thermal 
motion. However, if the gas is static this problem does not arise, so we will 
proceed with the static case and deal with K 	1 later. 

Let us now neglect T 'a  with the result that our equations of energy change become 

OE 	- —1  (E,  E ) - L (E Ex  ) 
at 	T

a 	
W 	T . 

1 

a E" 	1 
— (E" - Ell ) 

t 	T 	 4 

where E now denotes translational plus active energy. If 

E 	(2m Ni  R + m Ni  j i  R) T 

E'z= (2m N. R 	rn N. j' 

and 1E1' 	m Ni  j1 R T 
4 

(4.1) 

then these equations are quite easy to solve. The assumptions necessary to 
justify this step are that the molecules are re-emitted from the surface with a 
Maxwellian velocity distribution corresponding to a temperature Tr , and that 
Tx  - Ti is small. Accepting these assumptions the equations become : 

8t 	 T 

	

(T - T 
W 	T 

) - 
1 

(T - T H ) 
a 	 1 

8T m  . 	1 
— (T il  - T) 

at 	T 1 
The solutions are 

T = Ae-/t  + B e
- vt + T

w 

	

1 	 ( 1 	1 
- v 	

- vt 	
T e Tu  = A T

1  
	 - 	e 	+ B T . 	

w 1 T 	T 	 1 ▪ 	T .  
a 	1 

where A and B are arbitrary constants and 

     

[( 
r 
I 	2 	+ 	2  + 42  

T 	T 
a 	1 	 a  

 

	

2 	1 	4 

rT1  

	

T . 	 T . 2  
a 

 

  

     

and 
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Now when t = 0, T 	= T. whence 

, - p - 	
- 

v 
 E
r 

= (E, - E)L 	 e 	+ 	 + E 
w 	

1/Ta 

p - 	T
1 /7

a 	
P

vT 

tt - a 	 a 	-1.17 

r 	i 	w 

	

P -  v 	 - v 

r 7. OIT -MOT 1- 1/
7i  - p) 	T.(p - 1/T )(1/T + 1 /T. -1, 

E" = (E" - E") 	I 	
a 	a 	

e-11.7 	a 	a 1 	 e -irr +E 

	

w 	 - v 	 p - v 	 w 

From these equations it is easy to obtain expressions for a, a' and a": 

a = a' 1 
1/7 	-v 	 µ - 1/ 7  

a 	-MT 	 a 
e

-vT 
	 e

- v 	 P - v 
(4. 2) 

and 

a" = 1 
,017

a 
 -0011- a -F1.17,-11 	 7.(p - 1/

7a
)(1 /

7a 	
+ 1 / 7 . - 

e -PF 	 VT- 

- v 	 1.2 	v 

(4.3) 

Note that : 

as T 	, 	a , a' and a" 	1 

as 7 - 0, 	a a' and a" - 0 

as 	T 	, 	a, a 'and a" -4 0 
a 

as T 4 0 , 	a and al  - 1, al ' 1 - e T/Ti  
a 

as T 
1 

-777 
aand 	-4 1-e 	a, a" -4 0 

as 	T i  s 0 , 	a, a' and all  - 1 - e
-T/ 2Ta 

Thus our expressions for the three accommodation coefficients behave as 
we would expect in the various limiting cases. It is interesting to note that, as we 
would expect, in the two cases T i 	, Ti  = 0 we obtain expressions identical 

in form to the expression obtained earlier for a monatomic gas. 

Before discussing the meaning of these results, we must consider the case 
of a gas with a mean motion (K 1). As stated earlier, in this case it is not possible 
to think of the active mode as being in equilibrium with the translational motion, 
and the substitutions of equation 4.1 are certainly no longer valid. The only way 
round the difficulty, and one which can be based on physical arguments, is to assume 
that the active energy, whilst having the same transition rates as the translational 
energy, lags behind the level of the translational mode by a constant amount. This 
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constant amount is 'represented by m Ni  j R (KT. - Ti). Here we are 

invoking the same argument as before, that the active mode transition rates 
cannot be greater than the translational mode transition rates in the type of 
adsorption we are considering. Similar remarks apply to the inert mode energy, 
and on this basis it is obvious that we would expect the same expressions to 
hold for a, a' and a" in the case K 4 1 as for K = 1. 

The dependence of 77-7 and Ta  as functions of temperature and speed ratio would 

be expected to be the same as for a monatomic gas, and in the next section limited 
experimental evidence will be shown to support this view. Unfortunately, due to lack 
of experimental evidence and lack of success in theoretical investigations, it has 
not 	 t should be reasonable 

however,to assume that Ti  will show little dependence on T
w 
 - Ti  and will be largely 

dependent on the gas temperature and the particular gas being considered. In 
this respect we expect that  T.  will show some similarity to the gas phase relaxation 
time. Fig. 7 shows a = 	Plotted against  a" for the full range of values of T a /7 

and F/T  ,  whilst Fig. 8 shows a, a' and a" plotted against temperature. The value 
of Q = 3%00 cals/mole is representative of the heat of adsorption of a number of 
the heavier gases. In addition, we have assumed that Ta  and  Ti  will be of the same 

order of magnitude, i.e. T /T. = 1, and the value of T 	= 100  seems to be of the 
a 	 o  

right order from our study of monatomic gases. This curve then should be 
representative of the variation of a,  a'  and a" with temperature, assuming Tw  - Ti  

constant, for a gas such as CO, which has its bending mode excited in the temperature 
range considered. In the same figure we have shown the variation of a for a mon-
atomic gas, using the values of Q and Ta /To  given above. 

An expression for a" has been obtained by Herman and Rubin
(18)

. They 
consider the inert models energy exchange as completely divorced from the 
translational and active modes, and also consider that the re-emitted molecules 
carry with them an average amount of inert energy which is equal to the average 
amount of inert energy of the adsorbed layer viewed as a whole. We can best 
compare our expression with theirs by taking the value of a"  when  Ta  = 0, i.e. 

• 
a"= 1 - 

 e-T/T 
1. Their expression written in our notation is then a

ff 
 = 	

1 
 
1Ti-7./ 

These 	are compared in Fig. 9. We see that our expression gives larger 
values than that of Herman and Rubin as we would expect, since different assumptions 
are made. The available experimental data are not sufficient to say which is more 
realistic with regard to estimating accommodation coefficients, but to assume that 
molecules just arriving at the surface have as great a probability of leaving as those 
that have been there some time, as Herman and Rubin do, does not qualitatively fit 
the observed facts of physical adsorption. 



- 17 - 

4.1. Experimental results. Polyatornic gases 

The most famous experiment performed to find the accommodation coefficient 
of a polyatomic gas, is the one performed by Knudsen(2Q)  with hydrogen on platinum. 
Knudsen used a flat strip of platinum which was bright on one side and blackened on 
the other, thus giving different accommodation coefficients on each surface. By 
relating the pressure acting on the surface to the translational accommodation 
coefficient of the surface, in a manner which will be shown in the next section, he 
was able to demonstrate that the translational and internal accommodation coefficients 
were equal for each surface. This result is often quoted (c.f. Ref. 19) as demonstrating 
that the accommodation coefficients of all the modes of energy of a molecule will be 
equal. This is, however, a very doubtful assumption since Knudsen, judging from the 
apparatus he used was almost certainly working at about room temperature, although 
M (20) he does not state the working temperature. Thus the vibrational mode of the 
hydrogen would not enter into his experiment at all. The only safe conclusion to draw 
from his result is that he provided some evidence in favour of assuming that the trans-
lational and active accommodation coefficients of a gas will be equal, thus supporting 
the line we have taken in this report. 

At the present time there are no experimental results directly applicable to the 
results we established in the previous section. There are experimental values for 
the accommodation coefficients of diatotnic gases. H2  and N2  , but the experiments 
were conducted at temperatures so low that the vibrational energy mode would almost 
certainly not enter into the energy exchange process. These results(19), as we 
expect from our theory, follow in the main the same trends as the results for mon-
atomic gases quoted earlier. An exception to this are the the results of Blodgett 
and Langmuir for H2  on W, Tw  - T, being maintained approximately constant. The 

values they obtain for the accommodation coefficient decrease with temperature from 
200

0
K to 500

0
K and then increase over the range 500

0
K to 1000

0
K. It is not easy to 

explain these results on the basis of our theory without assuming that Q increases 
with temperature. It should be noted that at room temperature, hydrogen forms a 
stable chemi-sorbed layer on tungsten which only becomes unstable at around 2000

0 
 K, 

so that the results of Blodgett and Langmuir are for  H2  on an adsorbed layer of  H2  
on tungsten. 

nie results of Devienne, mentioned earlier, also include values for polyatomic 
gases, but the same objection with regard to the interpretation of his data applies as 
before. Since, as we have stated, all available date appertain to the translational 
and active modes only, we will proceed at once to the next section where we will 
consider  in  detail the flow over a flat plate in order to see what can be done 
experimentally or otherwise to illuminate this problem a little more. 

5. Flow over a flat plate 

Knudsen
(20) 

was the first to point out that, when dealing with a polyatomic gas, 
the parts played by the  t  ranslational mode and the internal modes in the heat transfer 
are not separable experimentally. In order to obtain values for their separate 
contributions, one has to relate them in some way to other measurable quantities, 
such as the skin friction or the normal pressure. 	Now if, as 
we have assumed, there is no specular reflection, the skin friction is expressible 
in known quantities. Earlier we defined o-  = Ti 	Tr . Now, when all the 

Ti 	- T w 
incident. molecules are temporarily trapped by the surface, on re-emission they will 
show no directional preference, so that T

r  = 
 T

w  = 
 0, and  T comprises the total skin 

friction. (Note that here T. refers to the skin friction force and should not be 
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confused with the relaxation time. Since the skin friction only enters briefly into 
this report, it was thought best to use the conventional symbol). Thus we have 
to rely on the normal pressure to provide us with the necessary extra relationship. 
Fortunately, in the case of a flat plate, this proves possible. 

We have defined 

Pr 

Pi - PW 

where pi  has been given in section 2.1. Now pr  is easily expressible in terms of 

known quantities by assuming that the molecules are re-emitted at temperature  
Tr  with a Maxwellian velocity distribution. In this case pr  = 	in N.

1 
 2 r R T

r 
Note that this implies Ti  - Tw  small. If we now consider the thermal 

accommodation coefficient of the translational mode, and make the same assumption 
as to velocity distributions, we can write 

K T. -T 
1 	r 

a 	
KT. -T w 

whence 
aT

r
= KTi 
	

(K Ti  T 
w

) 

Now the total pressure acting on one face of the flat plate is 

P = P• Pr  = P• ;iN , IrriR T
r 

Substituting for Tr  

   

    

P =Pi 
	 271i LK T i  - a (K 	-TA 

and from section 2.1. 

p, = ainN. ,rY 

where ip is given by equation 2.11 or 2.12, (we do not need to specify which 
surface we are considering yet). 

r. 	p = m Ni  V-2-Trri 	Fi + ► [ C Ti  -a(KT.
a 
 -T

w 	
(5. 1. ) 

This is the type of analysis Knudsen used, as mentioned earlier. Knudsen, however, 
who was dealing with a static gas, then went on to linearise this equation by 
assuming Tw  Ti  very small, and he was then able to relate the pressure difference 

across the plate to the difference of the two translational accommodation coefficients. 
We will proceed along different lines, as follows. 

If p can be measured now on one surface of the plate, equation 5.1 will yield a. 

The difficulty is the measuring of p and Tr for one surface of the plate only, since in 
free-molecule flow experiments, the plate must be kept small. However Devienne(14) 
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has already given the outline of an experiment in which the speed ratio was 
varied. This being possible, one could choose values of Tw , Ti , S and 0 

such that Kt  Ti  is equal to T
w

, see Fig. I, and the heat transfer to the lower 

surface of the plate becomes zero. In addition, the pressure on the lower 
surface becomes calculable in terms of known quantities. One need then 
measure only the total heat transfer to the plate and the total normal pressure 
force. To obtain the inert accommodation coefficient is then a simple matter. 
We defined in equation 3.4 the combined accommodation coefficient. Hence, 
having measured Tr and knowing a(= a`) from the pressure measurement, one 
could evaluate a". This would then, with the aid of Fig. 7, give values for 

ai 
/T. and 5-71-

a
, and if the relevant value of @ were known, values of T

a
Pr

o 
and T i/To  could be calculated. The above remarks obviously apply to making 

Ku  Ti  (see Fig. 2) equal to Tw . With K Ti  = Tw , the plate would have to be heated in 

order to maintain constant T whilst when Ku
T,- T it would have to be cooled. W ' 	 1 	W 

The above procedure would allow us to examine the behaviour of the separate 
accommodation coefficients and hence Ta  and T i , on both sides of the plate, for 

various values of K T. and T . It wo uld not allow us to examine their behaviour 

with varying S or V whilst keeping Tw  constant, and this behaviour, in the light 

of earlier remarks, would be of great importance. It does not seem possible to 
utilise the results of theory to suggest an experimental procedure for this case, and 
to obtain such results one would have to rely either on the use of sufficiently small 
pressure pickups and heat transfer gauges, or one could possibly shield one surface 
of the plate from the flow. It is felt to be essential, in experimental work:  irOthis field, 
to use a flat plate or surface if the results are to be of any use in givi  tare beha'44Ar 
of a, a' and a"  for varying speed ratio and angle of incidence. 	f  ----I  4 - 	0 

fit .ka.  
6. Conclusions 	 tJ  

At the present time there are neither experimental nor theoretical re 
available from which to form estimates of the accommodation coefficients of 
polyatornic gases. Most investigations into the problems of free-molecule flow 
make use of one of the two following assumptions. They either assume a" = U or 
a = 	= a". This latter assumption seems to be founded on a mis-interpretation 
of Knudsenls result (c.f. section 4.1 and Hef. 19). In this report, expressions 
for the various accommodation coefficients have been obtained which, with the aid 
of experimental data, would enable one to estimate their values and variations with 
temperature, etc. A limited comparison with results obtained with monatomic gases 
indicates that these expressions have the correct behaviour as regards varying 
temperature and gas-surface temperature difference. The expressions show the 
dependence of the coefficients on three factors. These are the heat of adsorption, 
the relaxation time of the energy exchange between the surface and the active 
energy modes, and the relaxation time of the inert mode relative to the active 
modes. (We use the term active here as including translational). The first of 
these quantities is known from experiment for a large number of cases. The relaxation 
times are at the moment almost completely unknown quantities; but some remarks can be 
made about their probable behaviour. It is reasonable to suppose that T

a
, besides 

its temperature dependence, will be dependent on the masses of the gas molecule and 
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the surface atoms. Thus, for the same surface, we would not expect T  
to vary much between gases whose molecules have similar masses. A more 
complete survey of the available monatomic gas results than was possible 
within the scope of this investigation should yield information of use in connection 
with polyatomic gases. Also, it is not unreasonable to suppose that Ti  will be of the 
same order of magnitude as the gas phase relaxation time, and this, together 
with the above, could be used as a basis for estimating the values of the 
accommodation coefficients. These two are, however, secondary to a direct 
experimental investigation of the problem, and also, if possible, a rigorous 
wave-mechanical investigation. 

As a by-product of our approach to the problem, it appears that the speed 
ratio and flow incidence only affect the accommodation coefficients in so far as 
they affect the energy difference Ew  Ei. 

We would therefore expect that the variation of both S and 61 in the flow case would 
have the same effect as the variation of T.

1 
 in the static case, if Tw is 

maintained constant. 

Finally it must be stressed that experimental work with polyatomic gases, 
along the lines indicated in section 5, is of prime importance in order to test 
the validity of the gas-surface interaction model proposed herein and the theory 
built up from it. 
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