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Figure 5. Picture of the setup with the tube-in-tube heat exchanger in place.

PRELIMINARY EXPERIMENTAL RESULTS

Figure 5 shows the setup with the tube-in-tube heat exchanger in place. The first and second

stages are separately tested before running the hybrid system. A lowest temperature 38.5¶K and

20¶W cooling power at 44¶K are obtained on the first stage. The second stage, without precooling by

the first stage, reaches 114¶K in the no-load situation.

Three configurations of the precooling heat exchanger have been tested. Table 3 shows the

lowest temperatures and pressure losses for the different configurations. The temperature T
1

 is the

temperature at the cold end of the first stage and T
2

 is the temperature at the cold end of the second

stage. The pressure drop due to the flow resistance of the regenerator and the precooling heat

exchanger of the first stage is Óp
1

; Óp
2

 is the pressure loss caused by the regenerator, the precooling

heat exchanger, and the inner tube of the tube-in-tube heat exchanger for the second stage. Com-

paring the lowest temperatures obtained on the separate stages and the hybrid system, T
1 

goes up

and T
2

 goes down.  It means that the first stage is precooling the second stage in the hybrid system.

Comparing the results in Table 3, it can be seen that the pressure loss in the precooling heat ex-

changer has a great influence on the performance of the system. The smaller the pressure loss the

lower the temperature.  Figure 6a shows typical temperatures at the ends of the tube-in-tube heat

exchanger. There is a temperature crossing along the heat exchanger. This cannot happen in a DC-

flow heat exchanger.

Table 3. Lowest temperatures and pressure losses of the hybrid system with the tube-in-tube

heat exchanger.

First stage pulse tube

First stage regenerator

Second stage regenerator

Second stage pulse tube

Precooling heat exchanger

Counterflow heat exchanger
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