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 Th ill ti h t i (OHP)] i f d b b di t lli ill t b i t t d di id d i tnd
e  The oscillating heat pipe (OHP)] is formed by bending a metallic capillary tube into many turns and divided into
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Vapor condenser section the adiabatic section and the evaporator sectionp
plug condenser section, the adiabatic section and the evaporator section.p g

 The condenser section connects with the cold source while the evaporator section connects with the cooled targetc  The condenser section connects with the cold source, while the evaporator section connects with the cooled target.
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 Th ki fl id fill d i h OHP di ib i h f f li id l d l d f f i ffObjectivesA
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Liquid  The working fluid filled in the OHP distributes in the form of liquid slugs and vapor plugs due to of surface tension effeObjectivesLiquid
slug

 The working fluid filled in the OHP distributes in the form of liquid slugs and vapor plugs due to of surface tension effejslug

 The instant pressure imbalance among the different turns will drive the flow of the liquid slugs and vapor plugs and lear  The instant pressure imbalance among the different turns will drive the flow of the liquid slugs and vapor plugs and lea
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h f b h l d d h ldpo

ra heat transfer between the cooled target and the cold source

va
p heat transfer between the cooled target and the cold source.
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Cooled target  The employment of flexible capillary tube makes the OHP more convenient as the thermal link in the cooling system The employment of flexible capillary tube makes the OHP more convenient as the thermal link in the cooling system.p y p y g y
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R h C t tResearch ContentsResearch Contents
 The cooling capacity of the cryogenic OHP during the cooling down process of the superconducting magnet The cooling capacity of the cryogenic OHP during the cooling down process of the superconducting magnet.g p y y g g g p p g g

 Th h f f f h i OHP d i h i f h d i The heat transfer performance of the cryogenic OHP during the operation process of the superconducting magnet The heat transfer performance of the cryogenic OHP during the operation process of the superconducting magnet.
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C bl k i h h l h dtu Buffer tank
 Copper blocks: connect with the cryocooler headet VacuumCh b

Copper blocks: connect with the cryocooler head
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 Th ki fl id h i t t ith th OHP m ra
toe  The working fluid charging system: connects with the OHP m
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 The working fluid charging system: connects with the OHP
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insulation The working fluid : nitrogen E

E
x insulation The working fluid : nitrogenE G li dE Gas cylinder liquid filling ratio of 33 5% y liquid filling ratio of 33.5%
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 Th li Q d h h l d i i k d i T h (K) The cooling power Q and the thermal conductivity k during T —— the evaporator temperature (K) The cooling power Qc and the thermal conductivity kc during Te the evaporator temperature (K)
the cooling process:the cooling process: T the condenser temperature (K)n dT Q
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uc  The average cooling power and the average thermalQu  The average cooling power     and the average thermal 
C the specific heat of copper at the evaporatorcQ

du conductivity from time t to t during the cooling process: Cp —— the specific heat of copper at the evaporator ked conductivity     from time t1 to t2 during the cooling process: p p pp p
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L the distance of the two centers of the evaporatora 12 tt  12 tt L —— the distance of the two centers of the evaporator 
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d h d ( )D  Th h l i d h h l d i i d i and the condenser (m)kRD  The thermal resistance and the thermal conductivity during and the condenser (m)
tkR The thermal resistance and the thermal conductivity   during tktR

the operation process: S the total outer cross sectional area of thethe operation process: S —— the total outer cross sectional area of the p p
ill t b ti th t ithTT LLQ 1 capillary tubes connecting the evaporator with

ce TT
R

 LLQ
k i 1

and
capillary tubes connecting the evaporator with 

2t Q
R 

SRSTT
kt and the condenser (m2)

i
t Q SRSTT t

t  the condenser (m )
iQ SRSTT tce

( )

PPresePrese

l d S d ti M toled Superconducting Magnetsoled Superconducting Magnetsoled Superconducting MagnetsS p g gp g g
M Af P 1 11 10 [173]Mon Af Po1 11 10 [173]Mon-Af-Po1.11-10 [173]Mon Af Po1.11 10 [173]

 AB Th l i t t d d th d t t d i kl AB: The cryocooler is started and the condenser temperature drops quickly AB: The cryocooler is started and the condenser temperature drops quickly.
Th t t d i th t i ll i th h tThe temperature decrease in the evaporator is very small since the heat

th
The temperature decrease in the evaporator is very small since the heat

the transfer mechanism in the OHP is only wall conductione transfer mechanism in the OHP is only wall conduction.
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s  BC: The condenser temperature is controlled at 70 K and the nitrogen gas iss  BC: The condenser temperature is controlled at 70 K and the nitrogen gas is

es i t d d i t th OHPce introduced into the OHP.c t oduced to t e O .

o  CD: The cooling process of the evaporator copper blocks is significantlyects ro  CD: The cooling process of the evaporator copper blocks is significantlyects.
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d to P accelerated by charging with nitrogen.
d to n  DE Th d 70 Kn  DE: The evaporator temperature decreases to 70 K

w
n  DE: The evaporator temperature decreases to 70 K.
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D  h b i i h li d h h l d i i iD  At the beginning the cooling power and the thermal conductivity increaseg  At the beginning, the cooling power and the thermal conductivity increase.

ng  At 2 22 h they start to decrease due to a rapid decrease in the pressuren  At 2.22 h, they start to decrease due to a rapid decrease in the pressure.in , y p p
 h h i i i li id l d l illli  At 2 75 h they increase again since liquid slugs and vapor plugs oscillateol  At 2.75 h, they increase again since liquid slugs and vapor plugs oscillate

oo between the condenser section and the adiabatic sectiono between the condenser section and the adiabatic section.
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 h h h l d i i f i i kl i h i hil hC  At 3 36 h the thermal conductivity of increases quickly with time while theC  At 3.36 h, the thermal conductivity of increases quickly with time, while the
cooling power increases at first and then decreasescooling power increases at first and then decreases.g p

 h li d h h l d i i d The average cooling power and the average thermal conductivity are 12 56 W and The average cooling power and the average thermal conductivity are 12.56 W and
2227 W/m K respectively2227 W/m K, respectively., p y

 A h h i i f 0 12 24 W h As the heat input increases from 0 to 12 24 W the evaporator temperature
m pump

 As the heat input increases from 0 to 12.24 W, the evaporator temperature
m pump increases from 70 to 81 5 K and the pressure of the OHP increases from 45 toincreases from 70 to 81.5 K, and the pressure of the OHP increases from 45 to, p

75 kPs 75 kPas 75 kPa

c  At 2 36 W the evaporator temperature and the pressure of the OHP have largeic  At 2.36 W, the evaporator temperature and the pressure of the OHP have largeti , p p p g
li dst amplitudeis amplitude.

ri  At 4 97 W they increase firstly and then decrease to a relatively stable stateer  At 4.97 W, they increase firstly and then decrease to a relatively stable state.e , y y y
 A 8 54 d 12 24 W h i d ll d h i h dt  At 8 54 and 12 24 W they increase gradually and then attain the steady statect  At 8.54 and 12.24 W, they increase gradually and then attain the steady state.

ac  At 15 66 W the evaporator temperature keeps going up quickly and the dry outa  At 15.66 W, the evaporator temperature keeps going up quickly and the dry outr , p p p g g p q y y
i har occurs in the evaporatora occurs in the evaporator.
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n  The average thermal resistances decrease from 1 47 to 0 84 W/K and thenn  The average thermal resistances decrease from 1.47 to 0.84 W/K and then
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i t 0 94 W/Ko increases to 0 94 W/Kio increases to 0.94 W/K.t  The average thermal conductivity increases from 8215 to 14 388 W/m K anda  The average thermal conductivity increases from 8215 to 14,388 W/m K and
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th d t 12 834 W/ Kr then decreases to 12,834 W/m Ke then decreases to 12,834 W/m K.

pe  The average thermal conductivity during the operation process is much largerp  The average thermal conductivity during the operation process is much larger
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th th t f d i th li d dO than that of during the cooling down process and copperO than that of during the cooling down process and copper.
(The thermal conductivity of copper with a RRR of 100 is about 604 and 401(The thermal conductivity of copper with a RRR of 100 is about 604 and 401( y pp
W/ K t 70 d 250 K ti l )W/m K at 70 and 250 K respectively )W/m K at 70 and 250 K, respectively.)

C l iConclusionConclusion

 The cryogenic OHP has large cooling capacity during the cooling down process The cryogenic OHP has large cooling capacity during the cooling down process.y g g g p y g g p
I d h ld i f d i f i l—— It can reduce the cooldown time of superconducting magnet from room temperature to operational temperatureIt can reduce the cooldown time of superconducting magnet from room temperature to operational temperature.

 The cryogenic OHP has excellent heat transfer performance during the operation process The cryogenic OHP has excellent heat transfer performance during the operation process.y g p g p p
It tl th h t ti d i th ti f d ti t t—— It can promptly remove the heat generation during the operation of superconducting magnet system..It can promptly remove the heat generation during the operation of superconducting magnet system..
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