Tubing Material Selection
for Liquid Cooling

The thermal solutions market is making a gradual transition
into liquid cooling. But, at the same time, there is growing
unease over the reliability of liquid cooling systems. The
main concerns involve pump lifetime, radiator corrosion and
cold plate leakage, and many hours of design and testing
have gone into improving these cooling parts.
However, another critical component is often overlooked: the
tubing used in a cooling loop. This tubing can play a large
role in the long term reliability of the solution. It is important
to fully understand tubing characteristics, how they relate to
evaporation, and how the loss of liquid affects the operation
of the system (including pump cavitation and air blockage in
a cold plate).
Intel has developed a cooling solution for their Core 2
Extreme processors [1] and studied the effects of tubing
material on the solution’s performance. A summary of their
findings is presented below.

Three different types of tubing materials were tested for
liquid loss by connecting a known length of tubing to the
ALCT (advanced liquid cooling technology) pump, and
measuring the assembly weight prior to the start and then
periodically during the test to quantify the loss [1]. The liquid
evaporation and migration of vapor through the plastic walls
to atmosphere is the mode of liquid loss that is affected by
the internal structure of plastic and its wall thickness. The
pumps were run at 1450 RPM and the temperature of the
liquid was maintained at 50ºC. An extremely accurate scale
is required to measure the weekly losses that allow for the
calculation of a loss rate.
The results for the three different tubing materials are
summarized in Table 1. The Norprene® tubing configuration
had the lowest loss rate of 0.25 grams/week and was chosen
as the tubing material for ALCT. Material parameters were
3/8 in. internal diameter and 5/8 in. outer diameter (1/8 in.
wall thickness).

The proper choice of tubing material requires balancing
several different criteria. The parameters considered were
cost, flexibility, flammability and vapor transmissibility.

Table 1. Weekly Loss Rate of Different Tubing Materials
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Liquid loss through vapor migration through tubing walls and
joints can be minimized, but not eliminated, as shown by the
relatively impermeable material of Norprene rubber.
Metal tubing was not a good option, due to the flexibility
needed for the solution assembly inside a chassis.
The effect of liquid loss can be mitigated, at least for a
reasonable operational life of the solution, by providing a
liquid reservoir. A continuous operation test at 50ºC and 1450
RPM was conducted with the assembly mass monitored
every week to identify weekly mass loss rate. The mass
loss data with three samples over seven weeks duration is
shown in Figure 1. The data shows that the average loss rate
was 0.25-0.30 grams/week and is reasonably consistent for
three samples. The reservoir size of 38 mL (38 grams for
water) was chosen to provide 152 weeks (approximately
three years) of operational life. The pump is expected to
have additional resilience to liquid loss before significantly
impacting thermal performance.

Figure 2. Thermal Resistance Curve for the Loss of Liquid
in a System.

The reservoir is located in the heat exchanger at its top as
shown in Figure 3. An air spring or an accumulator is needed to
prevent a high pressure situation due to operating or storage
temperature changes. 8 mL air volume is provided on the
top of the reservoir to develop an air spring that minimizes
the sensitivity to temperature change on the pump’s internal
pressure. Figure 3 shows the cross sectional view of the
reservoir and the radiator.

Figure 1. Assembly Cumulative Mass Loss Data in a Continuous
Operation Test at 50ºC and 1450 RPM.

The reservoir presence in the assembly and its impact on
thermal performance was also confirmed by drawing the
liquid out in increments of 5 mL and measuring the thermal
performance at each flow mass reduction. The thermal
resistance data is shown in Figure 2. It can be seen that,
when 65 mL or more liquid is drawn, the thermal resistance
of the system goes up significantly.

Figure 3. Cross Sectional View of Radiator and Reservoir.

Failure mechanisms that were considered in design reliability
testing were:
1. Pump assembly cracking causing liquid loss;
2. Vapor loss through plastic walls and joints causing
liquid loss;
3. Thermal performance degradation due to internal
mechanisms affecting CPU TC (case) temperature; and
4. Pump motor and printed circuit board performance
degradation affecting the pump RPM.
March 2010 |Qpedia

25

The reliability test results are summarized in Table 2.

Table 2. Reliability Test Results.

A small sample size was used to evaluate design against
reliability. Test results showed no assembly cracking failure
in either continuous operation or on-off cycles. The liquid
loss measured was very small compared to the reservoir
capacity. Thermal resistance showed a change of -0.01
to +0.007ºC /W, which is insignificant compared to the
measurement accuracy of approximately +/- 0.01ºC /W.

Neither the pump motor nor the PCB showed significant
RPM degradation.
Reference:
1. Core 2 Extreme Thermal and Mechanical Design
Guidelines, Document Number: 316854-002, Intel.com,
March 2008.
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