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Correlation of the Over-All Thermal
Resistance of Metallic 0-Rings
Contacting Two Cylinders

G. E. SCHNEIDER* AND M. M. YovaNovICHT
University of Waterloo, Waterloo, Ontario, Canada

Nomenaciature

A =heat flow area (xD?/4)

C, = correiation parameter, Eq. (5)

C, =correlation parameter, Eq. (5)

C, = correlation parameter, Eq. (7)

Dm = mean ring diameter

= inside tube diameter

= gutside tube diameter

= modulus of elasticity

= total force on 0-ring

= thermal conductivity _
= dimensionless load [F(1 —v?)/ED,%
= heat flow rate

= thermal resistance

= dimensioniess thermal resistance (kD R)
= temperature

= tube wall thickness (2¢ = do—di)

= dimensionless wall thickness (2¢/do)
= Poisson’s ratio

< TNNEOyFmmE R

Subscripts
1, 2, 3 = cylinders 1 and 2, and 0-ring, respectively
o = over-all

Introduction
HIS Note considers the over-all resistance to heat transfer
across a joint formed by solid or hollow metallic O-rings in
contact with smooth, flat ends of cylinders, Fig. 1. Such
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750\ // The O-rings and the cylinders were fabricated from stainiess
L steel: SS 321 and SS 304, respectively. The 0-rings were drilled
f 7 through to allow evacuation of the space within the ring as well
m&\ / 1__%_, as the region between the ring and the cylinders. The right
2500 circular cylinders were 1.50 in. diam. x 3.50 in. long. The test
BN ends were first made flat, then polished to a roughness less than
FErI 10 in rms. Four thermocouples were attached to cylinder 1 and
250N six attached to cylinder 2, with spacings as shown in Fig. 1. All
1 \\ // thermocoupies were fabricated from copper-constantan wire.

L))

BZ

INSULATION

a) ALL DIMENSIONS ARE INCHES

Fig. 1 Schematic of test apparatus with typical temperature
distribution.

systems can be found in spacecraft thermal support applications
where structural strength in addition to thermal insulating
characteristics are required. Under vacuum conditions and
negligible radiative heat transfer, all the heat must cross the
joint by means of the 0-ring, i.e., all the heat flowing in cylinder
1 is a) constricted as it enters the contact area between the
0-ring and flat end, b) conducted through the walls of the O-ring,
and c¢) made to experience a divergence of the heat flow lines
as it enters cylinder 2. Thus, the over-all resistance consists of
three resistances connected in series. If it were possible to
predict the size of the contact area under normai loading, then
one could, using existing thermal constriction resistance
theories,!" predict the over-all resistance. Unfortunately one
is unable to predict the effect of loads upon the contact area of
commercially available solid or hollow 0-rings because they
1) do not lie flat under zero load, 2) are not smooth, and
3) undergo both elastic and plastic deformation under moderate
loading.

This Note describes the O-rings, the experimental program
followed to determine the over-all resistance, and the dimension-
less groups used to correlate the test data.

System
The solid and hollow metallic 0-rings used in the experimental
program are shown schematically in Fig. 2. The geometric,
thermal, and physical characteristics of the nine different
O-rings tested are given in Table 1.

Table 1 System parameters at 20°C.

Dm (in.) 0.438 0.563 0.813

do (in.) 0.062 0.062 0.062

t (in.) 0.006 0.010 0.031 0.006 0.010 0.031 0.006 0.010 0.031

k(Btu/hr- 8.33 8.33 8.33
ft-°F)*

E (psi) 30 x 10° 30x 108 30x 108

v 0.30 0.30 0.30

* Handbook of Chemisiry and Physics, 53rd ed.

Test Program

A total of nine different 0-rings were tested. The system as
shown in Fig. 1 was placed in a chamber and all tests were
conducted in a vacuum (<10~ mm Hg). A cartridge heater
supplied heat to cylinder 1, and this heat was removed from
the system by means of temperature controlled cool water in
contact with cylinder 2. The heat input into the system was
adjusted such that the temperature level at the joint did not
resuit in an appreciable radiative effect. The system was well
insulated to minimize heat losses to the surroundings. An axial
load was applied: to the system by means of a leverage system.
By means of the mechanical advantage, the normal contact
loads ranged from 200 to 1000 Ibs. A strain gauge located above,
but thermally insulated from, the heat source was used to
monitor the contact load. Temperature measurements were
made by means of 10 copper-constantan thermocouples. Only
steady-state temperatures were recorded, and all measurements
were made during the first loading cycle only.

At the conclusion of each test, the 0-rings were examined and
found to have experienced significant plastic deformation. The
ends of the cylinders also exhibited plastic deformation in the
region which had contacted the 0-ring. The ends of the cylinders
were surface ground flat and polished before they were used in
subsequent tests with 0-rings having identical mean diameters.

Test Resuits and Correlations

The test results consisted of the steady-state thermocouple
measurements and the contact load. A computer program
determined the extrapolated surface temperatures, the over-all
temperature drop across the joint and the total heat flow rate.
The experimentally determined over-all resistance is calculated
by means of the following expression:

R, = ATJQ 10))
where the total heat flow rate Q is determined from
Q = k,A(AT/AX), 1#3)

Both the thermal conductivity and the temperature gradient
used in Eq. (2) were obtained for cylinder 2.

An analysis based upon the following assumptions: 1) the
0O-rings always contact the flats along the entire circumference,
2) the O-rings are smooth, 3) the deformation of the O-rings
and the flats is elastic, and 4) the available thermal constriction
theories are applicable, leads to two important dimensioniess
groups: thermal resistance number and contact load number.

The dimensioniess over-all resistance number is defined as

R,* =kD.R, 3
while the dimensioniess contact load number is defined as
P* = A1 -v¥)/ED,}? @
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Table 2 Correlation parameters C,, C,, C, and m

0-ring Correlation parameters
Dm (in.) t* C, C, C, m
0.438 0.194 1.108 583.0 1300 0.470
0.438 0.323 1.034 770.7 1300 0.470
0.438 1.000 0.656 22367 1300 0.470
0.563 0.194 1.168 436.3 810 0.364
0.563 0.323 1.025 543.6 810 0.364
0.563 1.000 0.875 794.8 810 0.364
0.813 0.194 1.265 195.2 320 0.288
0.813 0323 . 1.193 2327 320 0.288
0.813 1.000 1.051 3109 320 0.288

If one considers F/D,? to be an effective contact pressure, then
P* can be defined as the dimensionless contact pressure.
The two dimensionless groups defined by Egs. (3) and (4)
were used with the following expression:
R,* = C,In(C,/10°P*%) &)
to correlate all the test data. The correlation parameters C, and
C, were determined by means of curve fitting to have the values

Table 3 Limits on the load parameter P*

Y od
Dm (in.) fod
0.438 0.194 50 x 10~ 170 x 10~¢
0.323 50x10-° 170x10°%
1.000 50x10°° 170 x 10~¢
0.563 0.194 20x10~° 100x10~¢
0.323 20x10°° 100 x 10-%
1.000 30x10"% 100 x 10-¢
0.813 0.194 10% 10™¢ 50x 10~
0.323 15x10°¢ 50% 10~
1.000 15x107¢ 50x10™%
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shown in Table 2. A further examination of the parameter C,
showed that it could also be correfated with a third dimension-
less parameter

* = 2/d, ©)
defined as the dimensionless tube wall thickness number.

A cross plot of C, against r* leads to the following relation-
ship:

C, =G N

The values of the new correlation parameters C, and m are
also given in Table 2 for the nine 0-rings examined.

It was not possible to obtain a correlation of the parameter
C, against any of the characteristics of the O-rings and the
cylinders.

All the data obtained for the dimensionless pressures shown
in Tabie 3 are correlated by means of Egs. (5) and (7) with the
values of C;, C; and m given in Table 2 to within +2%, for
the solid O-rings and those 0O-rings having * =0.323. For
t* = 0.194, all the data is correlated to +39,. The range of P*
could be extended if larger errors are acceptable.

Conclusions

Based upon the results of the semi-empirical study, one can
conclude that all the test data for the nine 0-rings tested can be
carrelated adequately using only three dimensionless numbers:
R,*, P*, t*. These numbers were derived by means of an analysis
based upon ideal conditions which are approximations for
commercially available 0-rings.
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