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Agenda

• Introduction to Praxair

• Concerns for cooling HTS cables

• Refrigeration system options

• Pulse tube refrigerator basics

• Installation of pulse tubes at an HTS cable 
project

• Praxair’s roadmap for HTS cable cooling
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Praxair At-A-Glance

• A Fortune 500 company with sales of $8.3 billion in  
2006

� Headquarters: Danbury, CT
� Praxair Technology Center: Tonawanda, NY

• One of the three largest industrial gases companies  
worldwide and the largest in North America, South 
America and China

• Operations in over 40 countries

• 27,000+ employees 

• Over one million customers worldwide
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Industry Characteristics

• Long and successful history
� Praxair founded in 1907

•• SafelySafely and reliablyreliably supplies 
key commodities to 
demanding industries

• Our products are required “ no 
matter what ” by critical 
customers:

� Chemical plants
� Glass floats
� Steel mills
� Hospitals
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HTS Cable

Refrigeration System

LN2 to Cable:
70 K 
5 bar  
0.350 kg/s

Cable Load:  2.7 kW

Pump Work:  1.5 kW       Heat Leak:  1 kW

Total Refrigeration 
Requirement:  7.2 kW

Termination Load:  1 kWTermination Load:  1 kW

Example of Cable Cooling Requirements

LN2 from 
Cable:

77 K
4.5 bar
0.350 kg/s
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Maintaining Subcooled LN 2
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Potential Refrigeration Technologies

• Open-loop vacuum refrigerator
� Open-loop system; not generally acceptable
� Praxair system has been operating for 18 months at the 

Columbus, OH DOE demo location

• Reverse-Brayton refrigerator
� Potentially useful for very large installations
� Redundancy is an issue

• Stirling cycle refrigerator
� Require regular maintenance

• Gifford-McMahon refrigerator
� Require regular maintenance

• Pulse tube refrigerators
� Until recently, have lacked sufficient capacity

Reliability, cost, footprint and integrated system are keys
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Linear Motor

Regenerator Pulse Tube

Aftercooler

Reservoir

Impedance
Network

Cold Heat 
Exchanger

Warm Heat 
Exchanger

• Direct conversion of sound energy to refrigeration

• Electrically driven pulse tube - 30 year old technol ogy

• Motors have no rubbing parts (no lubrication or mai ntenance)

• Mechanically Simple (no moving parts at the cold en d)

• Efficient

• Promise to be highly economical

Pulse Tube Refrigerator Basics
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Praxair’s Pulse Tube Cryocoolers

• Pressure wave 
generator (PWG) 
converts electrical 
energy into acoustical 
energy

• Coldhead and inertance 
network convert 
acoustical energy into 
refrigeration capability

Pressure
Wave Generator 

Vacuum 
Container

Coldhead

Coldhead 
Inertance
Network

Process 
Lines

Inertance Tank 
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Cable Terminus Cooling Station Concept
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Columbus, OH HTS Cable Project

Termination Cryostat

Columbus OH HTS Cable

AEP
Bixby Road Substation

• Energized 8 August 2006
• Scheduled to de-energize 
30 September 2008

Columbus OH HTS Refrigeration System
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Columbus, OH HTS Cable Project

HTS tape supplierAmerican 
Superconductor

Cable and termination research, 
testing, cryo design

Oak Ridge National 
Laboratory

Installation site engineering, site 
civil & electrical construction, 
commissioning, monitoring, O&M

American Electric Power

Cryogenic system design, 
construction, operations and 
service, monitoring

Praxair, Inc.

Cable design, mfg., termination 
design, systems integration, O&M, 
project mgt.

Ultera 

Southwire/nkt cables JV

ResponsibilityPartner

Department of Energy (DOE) funded demonstration pro ject
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Vacuum System Performance
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12 month operating data for 200m cable demonstratio n
• 3 unplanned shutdowns
• One planned shutdown
• Cable at 69.5+/- 0.75 K for entire time

Highly reliable operation of entire cryogenic syste m
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System Integration: Columbus, OH Plan
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Cryocoolers Installed at Columbus, OH

1 kW Cryocoolers

Coldbox

11/2007: Two 1 kW cryocoolers currently being insta lled
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Praxair’s HTS Strategy

• Complete startup of pulse tubes at Columbus, OH 
� Demonstrate reliability
� Demonstrate operability

• Increase capacity of pulse tube
� 1100W (today) to 1500-2000W per pulse tube by 2009

� Gains achieved by improving efficiency
� Cost reduction for pulse tube manufacturing
� Cost reduction for complete system

Without sacrificing reliability, cut refrigeration cost by >50%
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Conclusions

• Refrigeration is a key concern in the design of a H TS 
cable installation

• Reliable refrigeration has been confirmed at severa l 
demonstration projects

• Pulse tube refrigerators provide a promising means of 
cooling HTS cables


