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Abstract-Several investigations have revealed that the thermal contact resistance is influenced by the 
direction of heat flow in contacts between dissimilar metals. Attempts to explain this phenomenon from 
a microscopic approach have not been successful. Employing the macroscopic model which the author 
recently proposed, it is revealed that thermal strain can be the source of a pronounced directional effect. 
Experimental results are given for several combinations of metals which vividly demonstrate these in- 
fluences. It is seen that the thermal contact resistance for an interface between dissimilar metals is strongly 
dependent upon the heat flux. Furthermore, the directional effect vanishes if the heat flux approaches 

zero. 

NOMENCLATURE 

radius of a contact area [in] ; 
radius of constriction region [in] ; 
equivalent flatness deviation (see Fig. 

1) [in]; 
modulus of elasticity [lb,/in’] ; 
interface conductance, h = (l/&R) 
[Btu/h ft2 degF] ; 
thermal conductivity [Btu/h ft degF] ; 
length of specimen [in] ; 
contact pressure [lb,/in’] ; 
rate of heat flow [Btu/h] ; 
resistance [degF h/Btu] ; 
dimensionless resistance (see equation 

4); 
a temperature difference [degF] ; 
constriction ratio, x = a/b ; 
coefficient of linear expansion 
[in/in degF] ; 
elastic conformity modulus, (p,/E,) 

x (b/d,). 

Subscripts 
I, region or specimen 1; 
2, region or specimen 2 ; 

12, direction from metal or region 1 to 
region 2 ; 

21, 

2, 
m, 
0, 

S, 

direction from metal or region 2 to 
region 1; 
apparent contact area ; 
macroscopic constrictions or contact 
regions ; 
a harmonic mean value ; 
film resistance ; 

microscopic constrictions or contact 
areas. 

1. INTRODUCTION 

A CONSIDERABLE effort has been expended in 
recent years in an endeavor to understand the 
nature of the resistance to heat flow caused by 
the interface between metallic members in 
contact. The recent surge of interest in this 
problem arose in the thermal design of space 
vehicles. 

A comprehensive review of the literature on 
thermal contact resistance and a detailed dis- 
cussion of the mechanism of heat transfer at an 
interface was given in earlier publications 
[l, 21. It was also demonstrated in these 
references that for many surfaces commonly 
encountered in engineering practice, macro- 
scopic influences appear to be dominant when 
compared with microscopic effects if thick 
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surface films are not present. Since previous 

studies emphasized microscopic effects and 

neglected macroscopic influences, little was 
learned about the true nature of the thermal 

contact resistance. References [I] and [2] gave 
a restrictive analysis based on a new macroscopic 

model for the prediction of the thermal contact 

resistance for similar metallic members in 

contact in a vacuum environment. Heat transfer 
at the interface of dissimilar metals will now be 

considered. Specifically, the dependence of the 

thermal contact resistance on the direction of 

heat flow at such an interface will be analyzed. 

The dependence of the thermal contact 

resistance on the direction of heat flow at an 
interface between dissimilar metals was first 

reported by Barzelay et al. [3]. They found that 
in some instances the thermal contact resis- 

tance for heat flow from steel to aluminum 

was over five times higher than when the heat 

flowed in the other direction. Motivated by 

Barzelay’s results, Rogers [4] performed a more 
detailed experimental study of dissimilar metal- 

lic interfaces. His results showed that the contact 

resistance for an interface in air was approxi- 
mately 20 per cent higher when heat flowed from 

steel to aluminum than when it flowed in the 
other direction. The numerical difference be- 

tween the values of the contact resistance for 

an interface in vacuum remained approxi- 

mately the same, but the percentage difference 
rose to 100 per cent. Rogers found little or no 
directional effect for chromel-alumel and cop- 

per-steel interfaces. He suggested that the 
effect could be associated with the mechanism 
of conduction at the “points” of metallic 

contact. Williams [5] attributed this phenome- 
non to surface contamination, and Moon and 
Keeler [6] applied the theory of heat conduction 
in the solid state to explain this asymmetric 
behaviour. Powell et al. [7] did not find any 
directional effect for an aluminum---steel inter- 
face or for several other interfaces formed by 
dissimilar metals which they recently tested. 
They attributed the lack of a directional effect 
to the small contact area used in their cxpcri- 

ments. Their measurements were made with a 
thermal comparator. 

It is thus seen that the directional effect is a 

confusing phenomenon. Barzelay attributed it to 

warping, whereas Rogers claimed that his 
results made Barzelay’s explanation seem un- 
acceptable. Others are studying the physics 

of heat conduction across the “actual” contact 
areas. At the same time, some data has shown 

no directional effect. It is not possible to explain 

or account for the presence of a directional 
effect with the microscopic models presented 

in the literature (see references [I, 21 for a 

discussion of these models). Let us now consider 
this phenomenon employing the macroscopic 

model presented in reference [l]. 

2. THEORETICAL MODEL 

Figure 1 represents the simplified model of 

the contacting members which was employed 

in the analysis of the mechanism of thermal 

contact resistance in reference [l]. It will be 
briefly described. 

CONTACT REGION 

AT FINITE LOAD 

SPECIMEiJS AT 
ZERO LOAD CX, = 0) 

I,i(i. I. Model 111 contact surface 



In the analysis the apparent contact area was of a single circular contact area of radius a 

conceived to be divided into two regions: whose center coincides with that of the apparent 
the contact ‘region and the noncontact region. contact area of radius b (see Fig. 1). The size of 
The noncontact region was defined as the por- the macroscopic contact area is governed by 
tion of the interface which contained few or no the elastic deformation of the contacting mem- 
microscopic contact areas. The contact region bers. The flatness deviation or waviness which 
(referred to as the macroscopic contact area) gives rise to this resistance was simulated by 
is the portion of the interface where the density spherical caps on the end surfaces of the 
of the micro-contacts is high. In the absence cylindrical contacting members. The length of 
of a conducting fluid, the flow of heat is first the cylindrical contacting members, L, was 
constricted to the macroscopic contact areas ; assumed to be large compared with the radius 
it is then further constricted to the microscopic b. The heat flux and the stress was assumed to 
contact areas within this macroscopic area; be uniform and normal to the interface at a 
and finally it must flow through the surface distance sufficiently removed from the interface. 
films. The total contact resistance for an inter- 
face in the absence of an interstitial material 

The determination of the additional tempera- 
ture drop due to the presence of a constriction 

such as air could be thought of as the sum of consists of two parts : (i) given the load, what is 
three resistances in series: the macroscopic the macroscopic contact area? and (ii) given the 
constriction resistance R,, the microscopic macroscopic contact area, what is the con- 
constriction resistance R,, and the film re- striction resistance? Once the constriction resis- 
sistance R,, i.e.? tance is known, the additional temperature 

R, = R, + R, -I- R,. (1) 
drop due to the presence of the interface can 
be easily calculated. For the model employed, 

It was established in reference [l] that in the it is sufficient to determine the constriction 
absence of thick surface films the macroscopic ratio x(= a/b) for the solution of Part (i). This 
constrictions have a commanding influence for ratio was found in terms of the equivalent 
many surfaces commonly encountered in engi- flatness deviation d,(= d, + dJ, the apparent 
neering practice. Thus, the subscripts are contact pressure p,, and the harmonic mean 
dropped and the macroscopic constriction re- modulus of elasticity E, as : 
sistance is assumed to be equal to R, and is 
represented by the symbol R. x = 1.285 

The contact resistance which might be more 
(::” 2 ;:;,} (3) 

appropriately called the constriction resistance The dimensionless group (p,/E,)(b/d,) was desig- 
is defined by : nated by [ and called the elastic conformity 

R=T__l 
modulus. I; is a measure of the conformity of 

4 h4 
the mating surfaces under load. 

A numerical solution of the mixed boundary 
where AT is the additional temperature drop valued thermal problem [8] gave the dimension- 
due to the presence of the interface, A, the less constriction resistance R*, for two regions 
apparent contact area, q the rate of heat flow, of radius b in contact, as the following function 
and h the interface conductance. of the constriction ratio 

The macroscopic contact area in the simpli- 
fied model proposed was assumed to consist 

R” = kmRAa 
b 

= 5 = 2[lOf’“‘], 
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t In the use of this equation, it must be remembered that 
these reslstances are not Independent. 

L/b > 0.8 

0.16 < x < 0.84 (4) 
\ / 
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where k, [ = 2k, k2/(kl + k,)] is the harmonic 
mean thermal conductivity, and 

f(x) = [1.39839 - 7.44698 x f 19.9303 x2 

‘- 38.5897 x3 + 38.6553 x4 - 16.6247 x5] (5) 

This is the solution to the problem of Part (ii). 
The constriction resistance in terms of the 
elastic conformity modulus can now be de- 
termined by substituting equation (3) into (4) 
which gives : 

R* = cb([L i”t” = ;:y4] (6) 

where 

Excellent agreement was found between ex- 
perimental results and the theoretical predic- 
tion of equation (6) for contacts between 
similar metallic members. In this case k,, = 
k, = k, and E, = E, = El. Many apparent 
discrepancies which previously existed in the 
literature could also be explained with this 
model. A discussion of these is given in reference 
[l]. A close examination of the model shows 
that equation (6) is applicable to contacts 
between dissimilar interfaces if thermal strain 
causes a negligible change in the contact 
areas. Thermal strain and its influences on 
both the microscopic and macroscopic contact 
areas will now be considered. 

The formation of the microscopic contact 
areas is usually attributed to plastic deformation 
between contacting asperities. This means that 
the thermal stresses caused by microscopic 
constrictionst are probably small in comparison 
to the local mechanical stresses which were 
responsible for the plastic deformation; con- 
sequently, it is reasonable to expect that the 
influence of temperature gradients on the micro- 

t This discussion excludes th: thermal strains due to a 
change in the temperature level of the regions. These 
strains would cause a relative motion between the contacting 
surfaces which would cause a change in the microscopic 
contact areas. However, these changes would occur in all 
joints, and although they add considerable complication to 
a microscopic deformation model. they cannot account fo! 
a directional effect. 

scopic contact areas is small. On the other hand, 
the mechanical stresses and accompanying 
strains which cause the formation of the 
macroscopic contact areas are usually small, 
since thermal contact resistance is a major 
problem only if the loads between the contacting 
surfaces are small, and since the flatness devia- 
tions of realistic surfaces are not large. It 
would thus appear that in some instances 
thermal strain would influence the size of the 
macroscopic contact area and consequently 
the macroscopic constriction resistance. 

It can be seen from the results presented in 
reference [l] that relative strains of only a few 
microinches in a direction perpendicular to 
the plane of the interface could appreciably 
influence the macroscopic contact area. The 
reader can easily verify, by considering the 
simple problem of the linear expansion of a 
rod, that thermal strains of this magnitude 
could have been present in many of the speci- 
mens employed in obtaining the data reported 
in the literature. It can also be easily shown that 
strains parallel to the plane of the interface cause 
a negligible change in the macroscopic con- 
striction. 

If it is assumed that one end of the two 
contacting members is unrestrained, i.e. that the 
load exerted between the contacting members 
is constant and not affected by the longitudinal 
expansion or contraction of the contacting 
members, thermal strain affects the macro- 
scopic constriction resistance only when tem- 
perature gradients parallel to the plane of 
contact are present. Such gradients will result 
if: (i) macroscopic constrictions to the heat 
flow across the interface are present, or (ii) 
the thermal boundary conditions caused by the 
environment permit heat flow through the 
boundaries perpendicular to the plane of con- 
tact These two sources of strain will be con- 
sidered separately. 

2.1 Thermul strait1 resulting from macroscopic 
constrictions 

Consider the physical modei of the contaciing 
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members shown in Fig. 1, i.e. two cylindrical 
isotropic, homogeneous regions of length L 
and identical radius b. It will be assumed 
momentarily that the coelticient of linear 
expansion of region 2 is zero. 

It can be seen from Fig. 2 that if heat is 
flowing from region 1 to region 2, i.e. in the 

CONTACT PLANE--SECTION A-A 

GEOMETRY FOR FINITE 

HEAT FLOW Cr;> 72 ) 

GEOMETRY FOR 
----- 

ISOTHERMAL BODIES 

(q=O) 

PO 

FIG. 2. Geometric effects of thermal strain resulting 
from a macroscopic constriction. 

direction 1-2, the portion of region 1 near the 
macroscopic contact area is cold relative to the 
rest of the member. Thus, this portion con- 
tracts, which causes the formation of a larger 
macroscopic contact area than that which is 
predicted if only the mechanical stresses are 
considered (see Fig. 2). If the direction of heat 
flow is reversed, the portion of region 1 near the 
macroscopic contact is hot relative to the 
remainder of the member. In this case, the 
thermal strain causes a smaller macroscopic 
contact area than that which is predicted from 
the mechanical stresses. Thus, it is seen that if 

the heat is flowing in the direction 1-2, the 
thermal strain causes a decrease in the macro- 
scopic constriction resistance, whereas if it 
is flowing in the direction 2-1, the thermal 
strain causes an increase in the macroscopic 
constriction resistance. The thermal contact 
resistance thus becomes a function of the direc- 
tion of heatflow. 

The geometry of the contacting members will 
obviously influence the size of the macroscopic 
contact area and the manner in which the size 
of this area varies with the mechanical load. 
However, the trend of the directional effect 
is seen to be independent of the geometry of 
the contacting surfaces. For example, consider 
the case when the heat is flowing in the direction 
l-2. The portion of region 1 near the macro- 
scopic contact area will be cold relative to 
the surrounding portion of the region. The 
thermal strain for this case will cause the 
macroscopic contact area to grow whether 
the upper contacting surface is concave or 
convex. (The lower surface could also be either 
concave or convex.) 

The amount of thermal strain which occurs is 
a function of the coefficient of linear expansion 
~1, the modulus of elasticity E, Poisson’s ratio v, 
and the magnitude of the temperature gradients. 
Thus the influence of thermal strain is dependent 
on the heat flux and the thermal conductivity 
of the material. If the heat flux is small and the 
thermal conductivity is large, the influences of 
thermal strain would vanish. 

Now consider a contact formed between two 
identical materials where both the upper and 
lower regions have the same coefficient of linear 
expansion. If the material properties are in- 
dependent of temperature, the thermal strains 
perpendicular to the interface which occur in 
the regions as a consequence of macroscopic 
constrictions are complementary ; thus the 
macroscopic contact area is approximately 
the same as that present in the absence of 
thermal strain. Since the variation of the 
material properties with temperature is not 
large, the neglect of the effect of thermal strain 
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due to macroscopic constrictions should not 
cause much discrepancy between the theoretical 
predictions and the experimental results for con- 
tacts between identical materials. Dependency 
of material properties on temperature will not 
cause a directional effect in contacts between 
identical materials as long as the specimen’s 
geometries and the imposed boundary condi- 
tions are identical. 

When dissimilar metals are in contact, a 
pronounced directional effect is frequently ex- 
perienced as is witnessed by the experimental 
results. A pronounced effect, however, is only 
experienced at higher heat fluxes. For very low 
rates of heat flow, the direction dependency is 
small and equation (6) can be used to predict 
the constriction resistance. 

2.2 Thermal strain due to the thermal environment 
The importance of small temperature gradi- 

ents due to heat flow through the boundaries 
perpendicular to the plane of the interface has 
not been realized, probably because the im- 
portance of slight macroscopic nonconformities 
of the mating surfaces was previously not 
realized. However, gradients as small as 1 degF 
in a direction parallel to the plane of the inter- 
face may cause an appreciable change in the 
macroscopic constriction resistance. These 

- 
Q 

- 

a+0 

k- small 1 
4 

gradients could arise, for example, from small 
amounts of radiant heat exchange with the 
environment or from thermal shunting. Thermal 
shunting would occur if an alignment device 
or an insulating material were in contact with 
the specimens as, for example, in Rogers’ 
apparatus [4]. Gradients in a direction parallel 
to the plane of the interface would be most 
likely to occur in poor conductors, e.g. stainless 
steel, since a small heat flux causes a much 
larger gradient in a poor conductor. Figure 3 
gives an exaggerated representation of the 
effect of a small radial gradient on a previously 
flat surface for the cylindrical geometry em- 
ployed in reference [l]. It is seen that in this 
case the thermal strain may be beneficial or 
detrimental depending on the original geo- 
metry of surfaces and on the sign of the radial 
heat flux. For the geometry employed in the 
present investigation, the effect was small but 
always detrimental since the specimens were 
losing heat by radiation to the chamber walls in 
all cases. 

This source of thermal strain could also give 
rise to a directional effect in contacts between 
dissimilar metals. For example, for a stainless 
steel-aluminum interface, the heat flow in the 
stainless specimen would cause the largest 
gradients; thus geometry changes due to thermal 

GEOMETRY WITH NO 
RADIAL HEAT FLOW 

GEOMETRY WITH THERMAL 
STRAIN CAUSED BY 
RADIAL HEAT FLOW 

FE. 3. Geometrical effects of thermal strain caused by radial heat flow. 
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strain in this specimen would have the greatest 
influence on the macroscopic contact area. 
Since the temperature level of the stainless 
steel specimen and therefore the amount of 
heat it exchanges with its environment would 
normally vary considerably with the direction 
of heat flow, a directional effect would result. 
The influence of these gradients is presently 
being studied in greater detail. 

3. THE EXPERIMENTAL APPARATUS 

AND PROCEDURE 

All measurements of the contact resistance 
were made in a vacuum chamber at an ambient 
pressure of about lo-’ mmHg. A schematic 
representation of the test column is given in 
Fig. 4. The test specimens consisted of two 

ADJUSTABLE LOADING PIN 

MYCALEX INSULATOR 
STEEL BALL 

UPPER SINK OR SOURCE 

POWER LINES- 

COOLING WATER 

UPPER TEST SPECIMEN 

TEST INTERFACE 

THERMOCOUPLES 

LOWER TEST SPECIMEN 

COOLING WATER 

MYCALEX INSULATOR 

ZEEL BALL 

FIG. 4. Schematic representation of test column. 

cylinders of 1 inch dia. and 2s inches long. The 
test column was made symmetrical with respect 
to the test interface; thus, a combination heat 
source-heat sink was located at both ends of 
the specimen set. This enabled the reversalrof 

the direction of heat flow without disturbing 
the test interface. No substance was in contact 
with the highly polished cylindrical surfaces of 
the specimens; thus, the only heat loss from 
these surfaces was that caused by a small 
amount of thermal radiation. Five calibrated 
No. 30 gauge copper-constantan thermocouples 
were installed in each specimen to determine 
the axial temperature gradients. The thermo- 
couples were placed into 0.046 in dia. holes 
drilled $ in deep, and small pieces of lead foil 
were tamped around the junction. The hole was 
filled with lead to a depth of approximately 
$ in. The remaining portion was filled with 
epoxy. The load was applied by means of a 
dead-weight lever-arm system; thus, the load 
exerted between the contacting members was 
constant and not affected by the longitudinal 
expansion or contraction of the test column. 

The specimen’s test surfaces were lapped on a 
lapping machine. They were further lapped by 
hand in order to decrease the surface roughness 
and in some cases to alter the flatness. Spherical 
surfaces with flatness deviations varying from 
a few microinches to several hundred micro- 
inches were obtained in this manner. The flatness 
deviations were determined by optical measure- 
ments. Optical measurements also showed that 
the surfaces were relatively spherical. The surface 
roughness was determined from the irregularity 
of the fringes and was always about 4 pin. 

The data were reduced with an IBM 7094 
digital computer which enabled many fine 
corrections and resulted in high, consistent 
accuracy. The curvature in the temperature 
gradients in the specimens caused by the 
variation in the thermal conductivity and 
radiation heat losses was removed before the 
gradients were extrapolated to the test interface. 
The gradients were determined from the cor- 
rected thermocouple readings by a first degree 
least squares polynomial approximation. 

The sink temperature was fixed at approxi- 
mately 50°F. The total temperature drop across 
the specimens varied with the type of test, 
but was never greater than 360 degF. The 
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temperature drop across the test interface 
varied between 2.8 and 185 degF. 

4. EXPERIMENTAL RESULTS 

Figure 5 gives a comparison of the experi- 
mental results of a stainless steel-aluminum 
interface which was studied. This interface had 
a total equivalent flatness deviation of 180 pin, 
and the specimens had surface roughnesses of 

MRECTION OF HEAT FLOW 

---X-- S, STEEL TO AL 

- AL TO S STEEL 

- THEORY (SEE TEXT) 

0 0.04 006 O,I2 0.16 0.20 

5 
FIG. 5. Comoarison between .exDerimental results for 

I _“I 

stainless steel-al~inum ipterface and theoretical pre- 
dictions which neglect thermal strain effects. 

approximately 4 uin. The dimensionless co- 
ordinates employed permit the correlation of 
experimental data with different materials, flat- 
ness deviations and loads on a single plot. They 
also account for the variations with temperature 
of E, and k, which now are the harmonic 
means based on the values for aluminum and 
stainless steel. The theoretical curve which is 
given in Fig. 5 does not include the effects of 
thermal strain. Thus, when the heat flowed 
from the stainless steel to the aluminum, the 
resistance was generally lower than the predicted 
values due to the enlargement of the macro- 
scopic contact area by thermal strain as dis- 
cussed in Section 2.1. When the heat flowed from 
the aluminum to the stainless steel, the thermal 
contact resistance was greater than the theoreti- 
cal predictions. These results indicate that the 

thermal strain due to the macroscopic con- 
striction was dominant. This was expected since 
the specimen surfaces were highly polished; 
therefore, the heat loss by radiation was small. 

The data given in Fig. 5 were taken with a 
constant temperature drop across the test 
column of approximately 350 degF ; thus, when 
the resistance of the interface changed, the 
heat flux was changed. Of course, the contact 
resistance is highly dependent on the heat flux 
for this combination of dissimilar metals and 
it must be considered in using these data. 

It is seen that a single conductance or resis- 
tance versus pressure curve is no longer suf- 
ficient to describe a given interface between 
dissimilar metals even in the absence of hystere- 
sis-like variations. If the heat-flow rate is 
employed as a parameter, a family of curves 
would result. If the thermal strain is due only 
to the macroscopic constriction and if micro- 
scopic effects are unimportant, the theoretical 
curve given in Fig. 5 would represent the 
limiting case of zero heat flux. 

The curves given in Fig. 6 show the variation 
of the contact resistance with heat flux at 
constant load for this stainless st~I-aluminum 
interface. The three curves given are for contact 
pressures of 446, 869, and 157 lb/in”. The 
arrows on the curves indicate the order in which 
the data were taken. During a given series of 
tests, the contact pressure was held constant 
while the heat flow rate was varied from some 
maximum value to a value near zero. The direc- 
tion of heat flow was then reversed and the 
heat-flow rate was again increased. 

it is seen in these figures that as the heat 
flux approaches zero, the directional effect 
vanishes. This was to be expected since the 
thermal strain resulting from the macroscopic 
constriction approaches zero as the heat flow 
rate approaches zero, and also the small radial 
heat loss from the specimen surfaces was 
virtually eliminated. The heat loss from the 
specimen surfaces was due to thermal radiation. 
The sink temperature was fixed at approxi- 
mately 50°F ; the chamber temperature was 
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- 

DIRECTION OF HEAT FLOW 

---- S STEEL TO AL 

- AL TO S. STEEL 

FIG. 6. The influences of the rate of heat flow, direction of heat flow, and contact 
pressure : Stainless steel-aluminum interface (d, = 180 Fin). 

approximately 75°F; and the source tempera- 
ture varied with the rate of heat flow from 
approximately 100°F to 400°F. 

Since the specimen surfaces were polished to 
reduce the radiation heat loss, the thermal 
strain due to the macroscopic constriction 
caused the dominant directional effect. How- 
ever, it is believed that the influence of the 
thermal strain due to the radiation heat losses 
can also be seen. For example, the change in 
the dimensionless resistance R* with the rate 
of heat flow q, i.e. dR*/dq, is either positive or 
negative depending on the direction of heat 
flow; however, d2R*/dq2 is always positive. 
The fact that d2R*/dq2 is always positive is 
probably due to the radiation heat losses. 
Figure 6 also shows that for the case when heat 
flowed from stainless steel to aluminum, dR*/dq 
approached zero for large values of q. Perhaps 
if q were sufficiently large, the thermal strain 
due to heat losses would dominate, and dR*/dq 
would be positive. 

A comparison is given in Fig. 6 between the 
experimental values extrapolated to zero heat 
flow and the theoretical prediction of equation 
(6). The two values agree to within approxi- 
mately 10 per cent. This is believed excellent 

considering the nature of the problem. It is 
seen that the theoretical predictions are larger 
than the experimentally measured resistances. 
This is probably a consequence of an increase 
in the conformity of the specimens during the 
test series due to the creep of the aluminum 
specimen. Flatness measurements taken after 
completion of the test series showed the alumi- 
num specimen had a “hole” at the center 
portion of its surface which was approximately 
6 pin deep. 

Another series of tests were made, identical 
to those previously described except that the 
aluminum specimen was replaced by a magne- 
sium specimen. These results are presented in 
Fig. 7. The general trends and the signs of 
dR*/dq and d2R*/dq2 are the same as those 
experienced before the magnesium was sub- 
stituted for the aluminum. The agreement 
between the theoretically predicted resistances 
and the extrapolated experimental values for 
zero heat flow was not as good as previously 
experienced. This undoubtedly was due to the 
large amount of creep which took place in the 
magnesium specimen during the test series ; 
thus, the conformity of the surfaces improved 
and the predicted resistances were too large. 
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DIRECTION OF HEAT FLOW 

--- - S. STEEL TO Mg 

- Mg TO S STEEL 

, 2.6 3.0 34 38 

FIG. 7. The influences of the rate of heat flow, direction of heat flow, and contact 
pressure: Stainless steel-magnesium 

Evidence of the influence of creep on the contact 
resistance for magnesium interfaces is also 
given in reference [l]. 

From Figs. 6 and 7, it can be seen that for 
both interfaces at the higher rates of heat flow 
a variation in the contact resistance of approxi- 
mately 300 per cent occurred with the reversal 
of the direction of heat flow. The directional 
trend which was found in this investigation for 
the stainless steel-aluminum interface is opposite 
to that found by Barzelay et al. [3], and Rogers 
[4]. This is believed to be a consequence of 
the dominance of the thermal strain due to 
the thermal environment in their experimental 
results which indirectly caused the variation 
in the macroscopic constriction with the direc- 
tion bf heat flow in contrast to that resulting 
directly from the macroscopic constriction 
which dominated the present results. There is 
strong evidence, however, that macroscopic 
constrictions were present and that variations 
in these constrictions were the source of the 
directional effect. For example, Barzelay et al. 
[3] reported the presence of large radial 

interface (d, = 250 pin). 

gradients when the resistance of the interface 
was large. When the direction of heat flow was 
reversed, the large radial gradients disappeared 
and the thermal contact resistance was con- 
siderably smaller. Rogers [4] had an alignment 
device in contact with the test specimens. 
Powell’s [7] failure to detect a directional 
effect was probably due to a combination of 
the geometry and the small rate of heat flow 
employed ; thus, thermal strain was not of 
importance. A more complete explanation of 
the experimental results in the literature cannot 
be given without more information on the test 
conditions and procedures. 

5. CONCLUSIONS 

Evidence has been given to demonstrate 
that thermal strain due to macroscopic in- 
fluences can cause a pronounced directional 
effect in contacts between dissimilar metals. 
On the other hand, the experimental results 
showed that the directional influence will 
vanish if the thermal strain can be made 
sufficiently small. The proposed model was 
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also found to be capable ofpredicting the thermal 3. M. E. BARZELAY, K. N. TONG and G. F. HOLLOWAY, 

contact resistance for interfaces between dis- Effect of pressure on thermal conductance of contact 

similar metals if the effects of thermal strain 
joints, NACA TN-3295 (1965). 

4, 
were not of importance. 

G. F. C. ROGERS, Heat transfer at the interface of 
dissimilar metals, Znt. J. Heat Muss Transfer 2, 15@154 
(1961). 
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R&um&Plusiers Ctudes ont mis en bvidence que la rCsistance thermique de contact entre deux mttaux 
diffkrents est influencbe par la direction du flux de chaleur. Des tentations d’explication du phCnom&ne 
d’un point de vue microscopique n’ont pas 6tt couronnCes de succts. Si l’on utilise le modkle macroscopique 
que I’auteur a proposC rCcemment, on montre que la d&formation thermique peut provoquer un effet 
directionnel notable. On expose les resultats expCrimentaux pour plusieurs combinaisons de metaux pour 
lesquels cet effet est important. On voit que la r6sistance thermique de contact pour une interface entre 
des metaux diffbrents dtpend fortement du flux de chaleur. De plus, l’effet de la direction disparait lorsque 

le flux de chaleur tend vers ztro. 

Zusammenfassung-Verschiedene Untersuchungen haben gezeigt, dass der thermische Kontaktwider- 
stand zwischen nichtgleichen Metallen von der Richtung des WLrmestroms in den Kontakten beeinllusst 
wird. Versuche, dieses Phlnomen mit einer mikroskopischen Betrachtung zu kllren, waren nicht erfol- 
greich. Mit Hilfe des makroskopischen Modells, wie es der Autor kiirzlich vorschlug, wird deutlich, dass 
eine thermische Spannung die Quelle eines ausgepragten Richtungseffekts sein kann. Versuchsergebnisse 
werden fiir verschiedene Metallkombinationen wiedergegeben; sie zeigen augenscheinlich diese Einfliisse. 
Man bemerkt, dass der thermische Kontaktwiderstand fiir die TrennflLche zwischen zwei ungleichen 
Metallen stark vom WPrmestrom abhlngt. Weiterhin verschwindet der Richtungseffekt bei Annlherung 

des W’lrmestroms an Null. 

AEEOTP~HJ-I-B HeCKOnbnEIx IICCJreAOBaHHRX 6nna o6Hapymena 3aBmxfMOCTb TepMoconpo- 

TMBJleHUH KOHTaKTa pa3JWiHblX MeTaJUlOB OT HalTpaBJleHHH TeIIJlOBOrO IIOTOKa. nOIIblTKK 

06'bRCHIITb 3TO HBJIeHMe C MHKpOCKOIlH~eCKOfi TOYKII 3peHHH He YHaJlIlCb. npeAJIO?KeHHaR 

aBTOpOM MaKpOCKOIIHYeCKaH MOAeJIb IIO3BOJIlIeTCBR3aTb 3TO RBJIeHIle CTepMM~eCKOtfne+Op- 

MaqHeii. Bnmui~e IlOCJIeAHet OT'IeTJIIIBO BKAHO II0 pe3yJIbTaTaM 3KCIIepHMeHTOB C HeCKOJIb- 

KkfMIl KOM6HHa~kiHMA MeTaJlJlOB. flaJlee, OYeBIIJJHO, 9TO TepMOCO~pOTHBJleHAe KOHTaKTa 

pa3JIHYHbIX MeTaJIJIOB CKJIbHO 3aBMCMT OT IIJIOTHOCTH TeIIJIOBOI'O IIOTOKa. npIl CTpeMH~etkH 

K HJ'JIIO IlJXOTHOCTIl TelIJlOBOrO IIOTOKaBJlURHlie HaIlpaBJleHHHIlOC~e~HeI'OHC~e3aeT. 


