
 Centralized cryogenic cooling system provides high efficiency and 
permits directing the cooling power to the devices needed 
depending the mission.
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 The versatility of modeling methodology is demonstrated with 
several configuration of HTS power devices. 

 For the current scenario, case IV seems to be better than other 
configurations.

 Also, at fault condition, if mass of stainless steel is lesser than         
3.1 kg/m3, He should be opted over LN2 to provide better cooling 
power.

 Further enhancement should be focused on extending the modeling 
to other HTS power devices.  

 A reliable tool based on thermal network models was developed on the basis of heat transfer and electrical 
behavior

 Temperature dependent parameters such as heat capacity, thermal conductivity, and density are calculated 
dynamically amongst others.  

 Model designed for verification consists of HTS motor, generator and power cable with two terminations 
connected in different configurations for analysis.
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theoretical results at 77 K

 US Navy ships are being planned to have multiple large electric loads 
that require high power density.

 High temperature superconductivity (HTS) has the ability to support 
an all electric ship design goals while providing operational 
flexibility.

 A modelling methodology needs to be developed for analysis of 
multiple superconducting devices.

 A fast modeling tool is developed to analyze electrical and thermal 
aspects in an integrated closed loop cryogenic configuration 

 Steady state analysis of the integrated system is analyzed for various 
configuration.

 Transient analysis for a fault condition is studied and suitable 
cryogenic cooling medium for such conditions are discussed.     

Modeling of HTS Power Devices 
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 HTS technology is useful in 
naval, aerospace and many 
other applications where 
high power density and 
efficiency are demanded.

 Power rating tunability 
which requires varying the 
temperatures can be 
provided by integrated 
cooling system. 

HTS Motor – 36.5 MW (49,000 horsepower)

 Assumed to require cooling power of 385 W.
 Operating temperature range is set to be 40-60 K

 Designed at Naval 
Surface Warfare 
center at 
Philadelphia in 
2007.

HTS Generator

 Assumed to require cooling power of 770 W.
 Operating temperature range is set to be 30-50 K 

HTS Power Cable

 100 m long wire with a heat load of 1W/m.
 Each Termination is given 120 W as ambient heat.
 Load current of 2 kA is given which accounts for 

Joule heating.
 Operating temperature range is set to be 40-77 K. 

Cryogenic System Design

 Gaseous Helium (GHe) is the cooling agent for a closed loop 
cryogenic system.

 GHe is circulated with a cryofan at 20 g/s at 1.7 MPa pressure.
 Cooling power is a function of inlet temperature and mass flow rate 

which is empirically determined from our previous studies.

Q/ṁ = 3.9736 * T + 171.92
 where, T ->  inlet temperature of the cooling agent.

Stirling Cryocooler

Multiple Cryocooler Design

 Single cryocooler cannot provide enough cooling power to support 
the whole system.

 This can be increased by either adding cryocoolers in series or 
scaling the cooling capacity curve of the stirling cryocooler.

 For simplicity in the design, if N cryocoolers are said to be used, it 
means that the cooling capacity curve is scaled 9 times its original 
value.

 This can also be realized by placing cryocoolers in series which 
increases the required number of cryocoolers. 

Case I: Integrated Cryogenic Cooling System on a 

Serial Configuration of Devices.

Case IV: Hybrid and Shared Cryogenic Cooling System 
on a Parallel Configuration

 

 11 cryocoolers are 
used in the 
cryogenic system.

 Total cooling 
power is 1934 W.

Case II: Individualized Cryogenic Cooling System on a 

Serial Configuration of Devices.

 6 cryocoolers are used 
in the system.

 This is shadowed by 
increase in cooling 
power i.e.  2266 W.

 

 9 cryocoolers are 
used in the 
cryogenic system.

 Total cooling 
power is 2080 W.

 6 cryocoolers are used 
in the system.

 The lowest cooling 
power i.e., 1923W.

 Can be considered as 
optimum design.

 

V 

 At fault condition, the heat capacity of total system determines the 
time to stop the operation.

  Operating temperature for coolants:
 - Liquid nitrogen : 64  to 77 K
 - Gaseous helium : 40 to 77 K
 For an isobaric process, we consider pressure for LN2 as 0.3 Mpa and 
for He 1.7 Mpa.

  Stainless steel is considered as the cold part for the design.
  Cooling Capacity ration of LN2 and He of total system can be 
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Case III: Local Individualized Cryogenic Cooling System 

on a Parallel Configuration of Devices.
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