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ABSTRACT

-
cantly reduce power consumption during operational lifetime, especially when the system is cold or 
in “standby” mode.  However, these compressors typically require at least a 3 ton industrial chiller 
or larger for adequate chilled water cooling.

This paper introduces an updated version of the Quantum Design (QD) smart energy chiller 
dedicated to operation with a variable speed, water cooled helium compressor (QD model HLC 

head or pulse tube, cooling power is found to be similar to the cooling power of a standard com-

speed compressor can be adjusted to reduce power consumption when cooling power needs are less 
which results in potential power savings of up to 5 kW.

The chiller features dedicated cooling of the helium and oil circuits that leads to increased ef-

INTRODUCTION
1 

provide a compact solution for customers without access to a chilled water source2.  While the new 
-

-
3,4 and pulse 

tubes5,6

while taking advantage of the reduced power draw at lower speeds.  Further power savings come 
-

cooling of the oil circuit as standard in a traditional industrial chiller solution. 
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the helium circuit featured dedicated copper lines running between the condenser unit and helium 

by a manually controlled globe valve) for further cooling, the interface between the indoor and 
-

-

when 30 meter lines are used.
Another objective of the redesign was to ensure that the chiller can operate a distance up to 

30 meters from the indoor unit at an outside ambient temperature up to 45°C while keeping the 
helium temperature optimally between 15 to 28° °

7,8
. Operating at higher helium temperatures can potentially reduce 

the effective cooling power of the system.  Also, previous studies have also shown that oil carryover 

above 30°C requiring more frequent service4. To accomplish this design objective, the following 

to accommodate the pressure drops of 30 meter hoses (Figure 2).  Additionally, a protective envi-

9.  thfdsdwhi

THERMAL PERFORMANCE EXPERIMENTAL RESULTS
The updated HLC 4500 chiller is designed to operate under a wide range of ambient tempera-

tures from -30°C to 45°C which makes it suitable for outdoor installation in most climates.  Figure 
3 shows the effect on the compressor temperatures while running the chiller at the upper range of 
allowable ambient temperatures.  From the data, we see that while running the chiller at the most 
thermally stressful condition (45°
the helium temperature stays below the 35°C recommended for cold heads and below the 90°C 

Figure 1.  Updated configuration of water cooled compressor and chiller
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Should the chiller ambient temperature raise above 45°C, the chiller refrigerator unit features a 
built in thermostat that will shutoff power to the refrigerator to prevent damage to the refrigera-
tion compressor. Additionally, the HLC 4500 compressor features adaptive speed control that will 
reduce the compressor speed to keep the compressor running if the capsule temperature reaches 
90°C.  These adaptive features can also keep the compressor running at reduced cooling power if 

When the full cooling power of the compressor is not needed and an energy savings is desired, 
the compressor can be run at reduced scroll capsule and head speeds.  Running the compressor at 
reduced speeds also reduces capsule, oil and helium temperatures, which along with the shorter 
duty cycle of the wear components of the compressor and head, can reduce wear and lengthen 
the lifetime of major system components. Figure 4 shows the reduced capsule temperature range 
of 50°C to 60°C and reduced helium temperature of 17°C to 25°C.   The automated temperature 

when compressor speeds are changed or ambient temperatures shift, allowing for a more hassle 

Figure 3.  Thermal testing results at 60 Hz capsule speed

Figure 2.  Updated configuration of water cooled compressor and chiller
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POWER DRAW EXPERIMENTAL RESULTS
The HLC 4500 and chiller combo was run with several RDK-415D9

the compressor and chiller was measured with a 3 phase Fluke 437 power meter.  Figure 5 shows 
that the actual power draw of the HLC 4500 compressor varied greatly depending on compressor 

Figure 4.  Thermal testing results at 30 Hz capsule speed

Figure 5.  HLC 4500 compressor actual power draw at various speeds
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the differential pressure once the system was cold at 4.2K leading to a power reduction of about 
0.5 kW once cold.  

in Figure 6. At lower ambient temperatures, the fan and refrigerator power will cycle to maintain 
the helium temperature in the desired 20 – 28°C range giving the chiller an actual power draw of 
0.4 to 1.3 kW depending on cooling needs.  The HLC 4500 and chiller paired with an average 1.5 W 

temperatures (above 30°
in a lower ambient temperature (below 30°

10 bringing the total 

COOLING POWER EXPERIMENTAL RESULTS
11 0.9W 4.2K class pulse tube 

at various compressor and remote valve speeds.  Figure 7 shows the HLC 4500 achieved 0.88 W 2nd 
-

pressor was able to achieve 0.88 W 2nd

capsule12 used by the F70 compared to the Hitachi scroll capsule13

The HLC 4500 allows the capsule and head speeds to be independently set so that cooling 

-
nation.  Also from the data we see that cooling power falls off substantially at capsule speeds less 

power savings.

and head speeds.  The results of these tests are seen in Figure 8.    Figure 9 shows a 2nd stage cooling 

Figure 6.  HLC 4500 chiller actual power draw by operational state
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the available 2nd

an F70 compressor and industrial chiller combo.  Running the compressor at a capsule speed less 

Figure 7.  Cooling power with 4.2 K pulse tube at tuned (capsule/remote valve) speeds

Figure 8.  Head speed “tuning” to optimize cooling power at a given capsule speed
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2nd

Unless ultimate cooling power is the top application priority, the additional power draw and wear 

CONCLUSIONS
The updated modular architecture of the HLC 4500 helium compressor and chiller provides 

a novel smart energy helium compressor solution by enabling the end user to “dynamically tune” 

Reducing compressor speeds also helps lengthen the service life of major system components such 

st stage cooling power.  Compressor speeds and parameters can eas-

diagnostics and control.  Further software development is planned to streamline the graphical user 
interface and offer real time display of power draw and cooling power.   
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Figure 9.  Cooling power with 4.2 K G-M at tuned (capsule/head) speeds
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