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ABSTRACT

Subscripts
An expression for predicting thermal accommodation coeffi-

cient (TAC) of engineering surfaces is developed by correlating

. .. a
experimental data. The correlation is general and can be used adsorbed
. ) ; c clean
for any combination of gases and solid surfaces for a wide tem-
. . g gas
perature range. The correlation involves only those parameters . .
. . . T incident
which may be readily estimated. The surface-temperature de- . reflected

pendence of TAC is embedded in the correlation and the asymp-
totic behavior of the correlation for the very high temperature
region (2000 to 2500 K) is controlled by employing a well-known

. clean-surface TAC theory. The agreement between the predicted INTRODUCTION
values of TAC and the experimental data is generally within 25

percent, which coincides with the scatter of the data. The concept of thermal accommodation coefficient (TAC)
: dates back nearly nine decades when Smoluchowski(1898) in-
NOMENCLATURE troduced a constant to represent the extent to which the inter-

change of energy takes place by a stream of gas molecules striking
a solid surface. Since then a considerable amount of effort has

Co,C1,C2 constants in Egs. 12, 13 and 14 been spent by many researchers to measure, study and model
D constant in Eq. 8 TAC for various gases and solid surfaces. Extensive reviews on
E energy of gas molecule this subject are found in references (Hartnett, 1961, Wachman,
F fractional coverage of adsorption layer 1962, Kaminsky, 1965, Goodman and Wachman, 1976, Good-
G constant in Eq. 22 man, 1980, Saxena and Joshi, 1981}.

M molecular weight . ] .

M monatomic equivalent molecular weight The value of TAC is very sensitive to the adsorption condi-
n number of collisions tion of the solid surface. For very light gases, such as Helium,
T temperature the TAC value for a fully-adsorbed surface may be ten times
T, reference temperature greater than that of very ‘clean’ surfaces. Pioneering research

efforts for measuring TAC for the period 1910-1940 (Soddy and
Berry, 1909, Knudsen, 1911, Roberts, 1930, Michels, 1932) suf-
Greek Symbols fered from disagreements within their measurements mainly due
to the failure to control the condition of the solid surfaces. It

: : i imental tech-

o thermal accommodation coefficient (TAC) 1s' only subst_aque:nt to the d'e\.'elopment of the experimenta. <'=.
clean surface TAC nique to maintain the condition of the surface nearly adsorption-
Broo . free that consistent and predictable values of the TAC started
H ratio of molecular weights, M to appear. To maintain an adsorption-free state, the solid sur-

s .
tand mean asperity slope face is periodically heated to high temperature, t.yplcal!y'to tem-
peratures above 1000 or 2000 K to desorp the impurities from
1 . the surface. Furthermore, a technique called ‘getter method’,
Graduate Research Assistant

developed by the research group lead by L.B. Thomas(1980),

?Professor of Mechanical Engineering
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is applied to collect any remaining impurities. Application of
.high-temperature heating methods is suitable only for refractory

materials such as W, Mo, Ta and Pt, which have high melting
temperatures. Because of this, most of the ‘clean surface’ data
available are for W and Pt for a limited number of gases. A few
other methods (see Goodman and Wachman, 1976) suitable for
particular types of metal surfaces exist such as ion bombardment
for Fe and vapor deposition method for Al, Be and alkali metal
surfaces.

Typical engineering surfaces are far from such an idealized
condition and would be fully covered by adsorption layers of un-
known gas compositions. Thus, the experimental data and the-
ories of TAC for ‘clean’ surfaces offer little use to those who are
in need of TAC estimates for engineering surfaces. At present,
there exists neither theory nor experimental correlation of a gen-
eral form which can be readily used to estimate TAC for engi-
neering surfaces. This is exemplified by the discrepancies in the
values of TAC used by various researchers in gap conductance
research (See Table 1). It is surprising that the values of TAC
used for Helium range from 0.07 to 0.38. It should also be men-
tioned that often the surface-temperature dependence of TAC is
neglected even for high temperature applications (T > 500 K).

In this paper, accounts are made for the development of a
correlation for predicting TAC for engineering surfaces. The
correlation is general and can be used for any combination of
gases and solid surfaces. The correlation involves only those

parameters that can be readily esimated.

DEFINITION OF TAC
Most commonly used definition of TAC is due to Knudsen(1911):
T r 1‘1

) — 1
o(T,T) = =7 &)
where 7T, = temperature of reflected gas molecules
T; = temperature of incident gas molecules
T, = temperature of solid

This definition of TAC is sometimes referred to as ‘nonequi-
librium TAC’ to distinguish it from the equilibrium TAC:

. T.-T;
ay(T) = T,B%:T (T. - T.) @

Most of the measurements on TAC are based on either of the
above two definitions. A third type of definition, which is more
suitable for molecular beam type measurement of TAC, is:

E, — E;
Menergy — E—,—:-E. (3)

where E, = energy of reflected gas molecules
‘ E; = energy of incident gas molecules
E, = energy of gas molecules corresponding to T,
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Table 1. Va]ﬁes of TAC used by various authors

Author(s) Gas Values (equation) used for TAC
Dharmadurai He 0.25
(1984) Xe 0.65

Air 0.61

Garnier & Begej He 0.425 — 2.3 x 107*T, T in K
(1979) Xe 0.749 — 2.5 x 107*T
Ar interpolation based on the
atomic weight of the gas

Rapier et al. Air 0.83
(1963) H, 0.26
He 0.38

Ar 0.85

Chandola & Loyalka He
(1982)

0.3, 0.07

CLEAN SURFACE TAC

Perhaps the most well known theory for clean surface TAC
is the one by Boule(1914). He considered the exchange of trans-
lational kinetic energy between two hard sphere molecules and
derived the expression:

2u
= — 4
(1 +u’)2 ( )
M
h =1
where pu M,
and M, = molecular weight of gas
M, = molecular weight of solid

This expression has the maximum value of % when p = 1,
and as u becomes either smaller or larger o becomes smaller.
Not surprisingly, the Boule formula is symmetrical about p=1,
ie. a(u) = ofl).

When multiple-collision effects are considered, a more accu-
rate expression (Goodman, 1967) may be derived:

_ 24p
@ = (1+ﬂ')2 (5)

This expression is later incorporated into a new correlation to
account for the asymptotic behavior of TAC as the solid tem-
perature increases. Accordingly, we shall use the notation ay, to
denote this modified Boule formula:

2.4u

—_— 6
(1+n)? )
This expression is also used as an asymptotic function in the
clean surface TAC model of Goodman and Wachman(1967). Their

model is in good agreement with experimental data for the tem-
perature range 0 < T < 500 K.

Qoo () =




The predicted values of as are compared with experimental
data of DePoorter and Searcy({1963) in Table 2. The agreement
is shown to be quite good. It is remarkable that the theory,
which was developed for monatomic gases, also accurately pre-
dicts values of TAC for N; and COs.

Typical values of low temperature TAC data on clean tung-
sten surfaces is shown in Table 3. Also shown in the table are

the values of o,

The gas-temperature dependence of TAC on clean-tungsten
surface is summarized in the review work by Goodman(1980).
The TAC values of Xe, Kr and Ar decrease with gas tempera-
ture for T, below about 300 K, and for T, above 300 K show
the trend of approaching the values predicted by the modified
Boule formula (Eq. 5). For lighter gases, He and Ne, the mini-
mum values of TAC are found at T, = 100 K as 0.01 and 0.05,
respectively, and above this T, the TAC values increase gradu-
ally with T}, again, seemingly approaching the predicted values
of the Boule formula.

ENGINEERING SURFACE TAC

Definition of Engineering Surfaces

Unless the surface of a solid is created in a vacuum or care
is taken to remove adsorbed materials, most surfaces would be
covered by layers of adsorption. For those surfaces that are ex-
posed to ordinary air, the adsorption layers would consist of
O, H,O, CO; and perhaps other unknown gases. In addition to
these, there would likely be oxide layers.

Table 2. Comparison of o, with experimental data
(DePoorter and Searcy, 1963)

There are two principal means (Mykura, 1966) of removing
adsorbed material:

a) heating in a vacuum to a high temperature, typically above
1000-2000 K,

b) exposing the surface to an electric discharge in an inert gas
environment.

Even then, there is the difficulty of maintaining the surface
impurity-free. Therefore it is reasonable to assume that most
engineering surfaces are covered with adsorption layers.

Effect of Adsorption on TAC

Some direct evidence concerning the effect of adsorption on
TAC is shown in Table 4. It is seen that, depending upon the
condition of the initial surface, adsorption can lead to an increase
of TAC by as much as 5 times. In fact, if we consider the reliable
clean surface TAC data of Table 3 for He and compare it with

the TAC of adsorbed surfaces in Table 4, the ratio Zadsorbed on
ap.

be as large as 20-30.

Effects on TAC of different types of adsorbate gases have been
studied by Wachman(1957) and Thomas(1967). Of the studied
adsorbate gases, Hg, Dz, Og, Nz, COg, CH4, CZHe, and CzH{,
O, was found to have the most pronounced effect by increasing
the clean surface TAC of He about tenfold.

Effect of Surface Roughness on TAC

Perhaps the first mentioned and most quoted work on the
effect of surface roughness is that by Roberts(1930), who recom-
mended the relationship:

a=1-(1-ag)"

(7)

where a3 = TAC of ideal smooth surface
Gas T,(K) Qep’ e % diff. n = number of collisions a gas molecule experiences
before rebounding from the surface
Ne 2120 0.237 0.214 -9.7
Ar 2335 0.332 0.352 5.9
N, 2511 0.282 0.275 -2.4 Table 4. Effect of adsorption on TAC
CcO, 2120 0.365 0.374 2.4
Gas-Solid T,(K) Celean  Oadsorbed Author(s)
* Qesp Was measured on tungsten surface He—W  room temp. 0.17* 0.53 Michels(1932)
Ar -W  room temp. 0.82° 1.00 Michels(1932)
Table 3. Low temperature TAC data on clean surface
(Kouptisidis and Menzel, 1970) He— Pt 308 0.18* 043 Thomas & Golike(1954)
Gas  @ep” Oo He—- Ni 2713 0.069 0.36 Raines(1939)
He 0.0167 0.050 He— Pt 273 0.071 0.17 Rolf(1944)
Ne 0.0420 0.214
Ar  0.27 0.352
Kr 041 0.516 * These values are much higher than other reliable data (such
Xe 0.67 0.583

» tungsten surface, T, = 298 K

as those shown in Table 3), and perhaps the surfaces are slightly
gas covered.
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Thomas and Lord(1974) made TAC measurements for var-
ious inert gases on polished {(r.m.s. roughness of 0.1 um) and
rough {r.m.s. roughness estimated at ~ 1um) steel spheres. Ta-
ble 5 shows the comparison of TAC values for the two different
surfaces. In general the measured values appear quite high. They

4 .
claim, however, that the ratio — 2% should be correct. It is

Qpolished
seen from the table that the surface roughness effect appears

to be significant only for light gases. Wiedmann and Trum-
pler(1946) conducted experiments to determine the TAC of air
on bronze, cast iron and aluminum, each of which were prepared
with three different finishing processes: polishing, machining and
etching. They concluded that all measured values of TAC lie be-
tween 0.87 and 0.97, but the effect of different technical surfaces
was not observed.

Terekhov and Frolova(1971) developed an experimental cor-
relation using the same functional form of Eq. 7:

a=1- (1~ ap)i+Dtas

(8)

where tanf = mean asperity slope

D = correlation coefficient

Several values of the correlation coefficient D were obtained
for He, Ar, CO, and Air (See Table 6). If we use this correlation
and estimate the ratio had for He with cg = 0.35 and tan 8 = 0.15,

2]
which are the typical values used in Hegazy’s(1985) thesis work,

we obtain 2 _ 1.16. On the other hand, for N; the correlation
2%}

predicts 2 1.03.
o
It seems that for light gases the surface roughness effect on
TAC is in the vicinity of 10 ~ 20%. For heavier gases, however,
the effect appears to be less significant.

Table 5. Surface roughness effect of TAC
(Thomas and Lord, 1974)

Gas Qpolished Qrough M
Qpolished

He 0.425 0.553 1.30

Ne 0.766 0.865 1.13

Ar  1.102 1.161 1.05

Kr  1.134 1.175  1.04

Xe 1.395 1.395 1.00

Table 8. Values of correlation coefficient D
a=1-— (1 - ao)l+Dtm6
(Terekhov and Frolova, 1971)

Gas D
He 1.35
Ar 1.36
CcO, 0.9
Air 0.905

DEVELOPMENT OF CORREALTION FOR
ENGINEERING-SURFACE TAC

Selection of Parameters and Functional Form

The parameters which may possibly influence the TAC for
engineering surfaces can be identified as:

a = f(Mg)MlaMdaF’ T]’Tl) (9)

where M, = molecular weight of the gas
M, = molecular weight of the solid
M, = effective molecular weight
of the adsorption layer
F = fraction of the surface
covered by adsorption layer
T, = temperature of the gas
T, = temperature of the solid

We first assume that the TAC is the weighted sum of two
quantities &, and «,, each representing the TAC for fully ad-
sorbed and clean surfaces, respectively:

a=Fa, + (1~ Fa, (10)

Then, the obvious choice for @, appears to be the modified Boule

formula (Eq. 6):
2.4

(T+p)?

Qe = Qe

(11)

Another assumption is now made that when the surface is
fully adsorbed, it is the adsorbate layers that the gas molecules
interact with, and thus the type of the substrate solid, under the
fully adsorbed condition, has no influence on TAC. Furthermore,
Wwe assume that the modified Boule formula (Eq. 6), when M, is
replaced by M,, provides qualitatively good predictions of TAC.
Thus, the following functional form is considered for ay,:

CaM,

= Gy =

where C; and C, are correlation constants to be determined.

It was found, however, that the following functional form
provides a significantly better fit to the experimental data:

ag = Mo (13)
C+ M,

The fractional coverage, F, of the adsorption layer depends
upon the surface temperature, T,. However, the extent to which
F depends on T, is not obvious. When the temperature of the
solid is near room temperature, the surface would probably be
covered by several layers of adsorbate gases. As the surface tem-
perature increases, the adsorption layers would be:removed at
some rate. The rate of increase of the fractional coverage, F,
would be slow initially, because of the multilayer effect, and
would become more rapid as T, further increases. Therefore,
an exponential form is considered for F:

F=exp [CO(T' — TO)}

T (14)
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where T is some reference temperature and C, is another corre-
lation coefficient.

Now, we have the functional form of TAC:

aoeig) 0= [

where F is as defined in Eq. 14 and Cy, Cy, C; are the correlation
coefficients to be determined.

C. M,

a—F[Cl+M (15)

Selection of Data for Correlation

Table 7 shows the sources of data acquired for correlation. It
was decided to use only the data for monatomic gases, mainly
because of the uncertainties associated with the effects on TAC
of additional forms of energy transfer, namely the rotational and
the vibrational. The effects on TAC of these additional forms of
energy transfer for diatomic/polyatomic gases are taken into ac-
count, later, by introducing a ‘monatomic equivalent molecular
weight’, which, then, allows the use of the monatomic-gas corre-
lation to predict the TAC value of diatomic/polyatomic gases.

The data set for the correlation consists of five different inert
gases on six different solids for the temperature range of 273 <
T, < 1250 K. In selecting the data, care was taken to choose
only those data for which no special effort was made to clean the
surface of the solid. These are shown in Fig. 1.

Table 7. Sources of data used in the correlation

Author Surface Gas T,(K)

Thomas & Brown Pt He, Ne, Ar 312-645
(1950) Kr

Amdur & Guildner Ni He,Ne, Ar 282-373
(1957) Kr, Xe

Raines(1939) Nt He 273-369

Braun(1976) stainless steel He, Ar 273-573

Teagan & Springer Al Ar 296
(1968)

Ullman et al.(1974) UO, He,Xe 662-1250

stainless steel

Thomas & Loyalka Zr—2 He, Ar,Xe 300
(1982a)

Thomas & Loyalka UO, He, Ne, Ar 308
(1982b) Xe
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Figure 1. Selected data (monatomic gases) for correlation.

Correlation of a,

For fully-adsorbed conditions, F, by its definition, is 1, and
Eq. 15 reduces to the following:

C, M,

a(T =Ty) = G20 (16)
Taking the inversion on both sides:
I cl) 1 ( 1 )
o  AT=Ty) (c, M, \G (7)

If the functlonal form of a, chosen is appropriate, then the

1
dependence of — on —
P aa M,

dependence of — on _J\_} for the data with T, between 273 and

should be linear. Figure 2 shows the

320 K. We see from the figure, that the relationship is nearly
linear.

A graphical fit of a straight line to the data in Fig. 2 pro-
duces the values of C, = 6.8 and C; = 1. The value for C, is
intentionally set to 1, so that the values of a, for all M, never
exceed 1. With these constants Eq. 16 becomes:

M,

2 18
6.9+ M, (18)

O, =

Also, it seems reasonable to set the reference temperature T
to 273 K, and to restrict the valid range of the correlation to
T, > 273 K.

Correlation of F

Having correlated o,, we may, now, rewrite Eq. 10 for F,
whose functional form is defined in Eq. 14:

-l (B3

T Qg — Qoo

a— Qo

(19)




where Ty = 273 K.

Equation 19 can be linearized with respect to T, by taking
the natural logarithm on both sides, and when the sides are

exchanged:
o= Qe

T,
wlo=z] ez

The values of 27 %= for the data in Table 7 are shown in Fig.3

(20)

on a logarithmié sc:llc:, and it is observed that the assumption of
a linear relationship in Eq. 20 appears reasonable.

Again, a graphical fit of a straight line to the data in Fig. 3,
with the constraint of 87 % _ 1 at T, = Th, results in the

aﬂ (o)
value for Cy of —0.57.

Finally, we obtain the full correlation for a:

«=ea o0 (%27)] (51
SR Mo\ T, Ci + M,

+{1 - ezp {Co (T’;OTO)]} { (lsz‘)z}

where Cy = —0.57, C; = 6.8, and Tp = 273 K.

(21)

Modification for Diatomic and Polyatomic Gases

The exchange of energy between solid surfaces and diatomic
or polyatomic gases involves the rotational and vibrational en-
ergies, in addition to the translational energy. Thus, the TAC
correlations based on monatomic gases may require adjustments

o take into account the effects of the additional forms of the
energy exchange.

It is difficult to base such adjustments on theoretical under-
standing of the individual form of the energy exchange. In this
work, instead, we shall deal with the global value of TAC, and
assume that the global effect on TAC of the individual form of
the energy exchange is related, in a simple form, to the molecular
weight of the diatomic and polyatomic gases.

4
3_ A\L)
2
. %
3
= 2r

He
Ne
Ar
Kr
Xe
L — Eq. 18

+See Table 7 for references.
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First, we define M," to be the monatomic equivalent molec-
ular weight of diatomic/polyatomic gas, such that the TAC of
the gas is the same as that of a monatomic gas with the molec-
ular weight M, = M_*. Furthermore, a simple relationship is
assumed between M, and M,":

M, = GM, (22)
The constant, G, can be determined by comparing the values of
Cy in Eq. 17 for monatomic gases and for diatomic/polyatomic
gases, provided that the value of C, can be set to 1 for di-
atomic/polyatomic gases.

Tables 8 and 9 show the values of TAC collected from various
authors for diatomic and polyatomic gases, respectively. These
values are for 14 different gases on 5 different types of solids over
the solid temperature range of 273 to 383 K.

Figure 4 shows the relationship between 1 and L of di-
a

P
atomic/polyatomic gases with T, < 320 K. A graphical fit of a
linear line to the data shown in the figure results in the values of
C, and C, of 4.9 and 1, respectively. Following the comparison

Table 8. TAC measurements for diatomic gases

Author Surface Gas T,(K)
Amdur & Guildner W,Ni, Pt H,,D,;, N,, O, 283,298
(1857)
von Ublsch(1951) W, Pt Hg,Dz,Nz,Oz 373
Dickens(1934) Pt H,,N,,C0O,0, 291,297
Cha.vken(1955) Pt Hg, Dz, Nz 290
CO,0,
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.able 9. TAC measurements for polyatomic gases

Author Surface Gas T,(K)
Grau(1949) Pt CS, 273-359
Schafer & Pt,Ag N,O 293-383
Gerstacker(1956)

Thomas & Pt CO, 314-353

Golike{1954)

Schifer(1952) Pt,Cu C,Hs 293-370

von Ubisch(1951) Pt .st, SO:,C;H4, 373
CaHg, CsH,

Schifer & Pt CO, 203-373

Klingenberg(1954)

of C} values for monatomic and diatomic/polyatomic gases, the

constant G is found to be G =

lmonatomic

Cl diatomic/polyatomic

= 1.4.

Finally, the general form of the TAC correlation, applicable
to all monatomic and diatomic/polyatomic gases, is:

o= ezp [CO(T‘_‘ T°)] (

I

-

My )
Cy+ M,

3_%;7:2)]} {(12:Z)2

} (23)

1 © diatomic gases
A polyatomic gases
- — Eq. 16 with C; =49and C; =1
+See Tables 8 and 9 for references.
0 1 L ] I A 4 1 H i
0 1 .2 .3 .4
1/M,

Figure 4. Dependence of 1 upon Mi (diatomic /polyatomic gases).
a, A
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where M;* = M, for monatomic gases
= 1.4 M, for diatomic/polyatomic gases
Co = ~0.57, dimensionless
Ci1 = 6.8, units of M, (g/mole)
- M
H“ M,
To = 273K

COMPARISON OF CORRELATION WITH
EXPERIMENTAL DATA

Figures 5 through 9 show the comparison between the pre-
dicted and experimental values of TAC for the 5 monatomic
gases, He, Ne, Ar, Kr, and Xe. In general, the predicted val-
ues are in good agreement with experimental data.

Figure 9 includes two sets of Xe data on stainless steel by
Ullman et al.(1974), one of which was not used in the new cor-
relation; this is the set with lower TAC values in the T, range
of 700 - 1100 K. This set of data were measured with an inci-
dent beam angle much smaller than 45° and, thus, should not be
considered as representative TAC for the corresponding gas-solid
combination. The other set of Xe data (the higher values) were
measured with the incident angle of 45°, and these are in excel-
lent agreement with the predicted values of the new correlation.

Both sets of Xe data and their He data were also correlated

by Lanning and Hann(1975), and their correlation is compared
in Figs. 5 and 9.

The TAC values of diatomic/polyatomic gases predicted by
the correlation (Eq. 23) are compared with experimental data
(Tables 8 and 9) in Fig. 10. In general, the agreement between
the experimental and the predicted values is within 25 percent.

1
| —e A He-UOQO,, # = 0.015
==== [ He-Pt, # = 0021
8 ——— 0 He-2r2, B = 0.044
w=:== ¥ He-Ni, » = 0.068
- © He - stainless steel, u =0.071
«See Table 7 for references.
B
3 _
Sl
. 7 correlation by Lanning and Hann(1975)
.2+
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Figure 5. Comparison between predicted and experimental values
of TAC for Helium.



1 1
| A Ne-UO,;,, p=075 -
—=== [J Ne-Pt, w=0.10
8k —-~~ © Ne-Ni, =034 8
+See Table 7 for references. )
BF K=
Q @)
< [ < [
& a4t B 4L
correlation by Lanning and Hann(1975)
—— A Xe-UO,, n=0.49
otk ot ———- 0 Xe-2Zr2, pup=144
’ —-— O Xe-Ni, po=2.24
- © Xe - stainless steel, u = 2.34
«See Table 7 for references.
O 1 L i H o 5 A 1 1 1 L O 1 L H L 4 L l ; i i H
200 400 600 800 1000 1200 1400 200 400 500 800 1800 1200 1400
Ts (K) Ts (K)
Figure 8. Comparison between predicted and experimental values Figure 9. Comparison between predicted and experimental values
of TAC for Neon. of TAC for Xenon.
1 100
—
o -
BF S
i x S0F
& R
5t S —— g o R
&) S~ T E A 08 a L, aa a a
< I Tl T~ - 0 2 9—%@# A a A
& 4t B Tt - 5 2
. ~——= A Ar-UO,, p=015 T el T g = o0
 ——- O Ar-pt, p=021 "7 T--- | 8
—— O Ar-2r2, =044
; 3 -50F
|, ——— 9 Ar- Ni, #=0.68 \) . i
2 w—— O Ar - stainless steel, ux =0.73 ‘5. © diatomic gases
i . A Ar-Al u=1.48 3 | A polyatomic gases
+See Table 7 for references. N +See Tables 8 and 9 for references.
0 A I ke Il 1 | i 1 I} | i - O O 1 } ) ) |
200 400 600 800 4000 1200 1400 250 300 350 400
Ts (K) Ts (K)

Figure 7. Comparison between predicted and experimental values
of TAC for Argon.
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Figure 8. Comparison between predicted and experimental values
of TAC for Krypton.
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Figure 10. Percent difference between predicted and experimental
values of TAC for diatomic/polyatomic gases.

DISCUSSION

The correlation developed, here, is the result of an attempt to
bring together, from the thermal engineering designer’s point of
view, the current understanding of TAC, which is a lumped pa-
rameter to represent the complicated process of energy exchange
at a solid/gas interface in a rarefied-gas environment.

Let alone the understanding of the effects of various param-
eters which control the condition of the phenomenon, we are far
from comprehending the process itself of this enetgy exchange
at a molecular level. Yet, the importance of the role of TAC in
many areas involving heat transfer, such as the contact of solids,
chemical reactors, and aerospace flights, requires the means to
estimate this parameter and some assessment of uncertainties
associated with such means.




The new correlation, which is intended for use with engineer-
g surfaces, identifies as main parameters the surface temper-
ature and the molecular weight of the gas and the solid. The
correlation neglects the possible effects on TAC of other param-
eters, such as the gas temperature, the difference in the tempera-
tures of the gas and the solid, and the gas pressure. The authors
believe the effects of these neglected parameters are secondary,
and have attempted, during the course of the development of the
correlation, to provide justifications.

Finally, the authors suggest this correlation should be used
in conjunction with references made to actual experimental data
corresponding to the particular gas-solid combination and simi-
lar surface conditions. For such purposes, the reader’s attention
is called to the excellent and comprehensive collection of exper-
imental data by Saxena and Joshi(1981).

SUMMARY

Effects on TAC of adsorption and surface roughness were
briefly discussed. TAC depends greatly upon the adsorption
condition of the surface, and its value for an engineering sur-
face can be 10 or 20 times greater than that for clean surface.
The surface-roughness effect is less significant and is of concern
only for light gases, in which case the effect is estimated to be in
the order of 10-20 percent.

. A correlation for engineering-surface TAC was developed us-
ng the experimental data for monatomic gases by various au-
thors on several types of adsorbed surfaces. Embedded in the
correlation is a well-known clean surface TAC formula, which has
been shown to agree well with the experimental data at very high
surface temperature. The TAC value for diatomic/polyatomic
gases can also be estimated by first evaluating their monatomic
equivalent molecular weight and applying this directly with the
developed correlation. In general, the agreement between the
predicted and experimental values of TAC for both monatomic
and diatomic/polyatomic gases is within 25 percent.
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