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千瓦级国产氦制冷机工程研制进展

Development of Kilowatt Class 4.5K Helium Refrigerator
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No. Mode Capacity requirments

1 Refrigeration mode (with LN2 Precooling) Cooling Power: 850W@4.5K

2 Liquefaction mode (with LN2 Precooling) Liquefaction rate: 280L/h

3 Mixing mode (with LN2 Precooling)
Cooling Power: 300W@4.5K
Liquefaction rate: 150L/h

南方光源研究测试平台 SAPS-TP
Southern Advanced Photon Source -Test Platform



2

EH4100

LI
3170

CV3510
DN15

TI
3510

TI
3120

TP3320TP3310

CV3310
DN20

SI
3310

SI
3320

TI
3320

CV3170
DN15

TI
3321

CV3162
DN15

CV3270
DN40

E3150
a

E3140E3130E3110

LP

E3120
a

E3120
b

PI
3270

PI
2110

HP

PI
2210

LN2

D4100

E3150
b

CV3161
DN10

PI
3170

A3120a A3150

FI
2110

VFD

TI
3520

DTI
3520

SI
2110

TI
3270

TP3330

CV3160
DN15

CV3220
DN15

TI
3270

CV2110
DN32

CV2120
DN15

CV2220
DN25

D2110b

C2110

ORS

M
HV2125
DN80

HV2217
DN150

CV3171
DN10

CV3172
DN10CV3311

DN10

3000L

FI
3110

TI
3110

CV3271
DN15

PV3110
DN20

LI
4100

DN20

DN40

DN20

DN100

DN80

Lhe Supply

正压回气

3Bar 120~300K

SHe

LIN supply

A3120b

D2110a

DN8

Mobile Dewar

F3110

PI
3120

PI
3121

PI
3110

PV3160
DN20

SI
3320

FI
3172

 PV3210
DN15

PI
4601

FI
4330

10g/s
120~300K

7g/s
5K SHe

850W



3

0

50

100

150

200

250

300

350

0 200 400 600 800 1000Li
q

u
ef

ac
ti

o
n

 R
at

e
（

L/
h
）

Cooling Capacity （W）



FHL-280 Cryogenic System Layout at SAPS-TP site 

3000L Helium Dewar

FHL-280 Cold Box

Oil Removal System

Helium gas analyzer

Helium Screw Compressor



3000L Helium Dewar FHL-280 Cold Box Oil Removal System & Helium gas analyzer Helium Screw Compressor
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Helium  liquefier FHL-40 FHL-70 FHL-100 FHL-140 FHL-180 FHL-240 FHL-280 FHL-400

Liquefaction Capacity

L/h
40~70 70~100 100~140 140~180 180~240 240~280 280~310 310~420

Compression power

kW
75~90 90~132 132~160 160~200 200~250 250~315 315~355 355~425

Helium refrigerator FHLR-40 FHLR-70 FHLR-100 FHLR-140 FHLR-180 FHLR-240 FHLR-280 FHLR-400

Refrigeration Capacity 

W
160 ~250 250~320 320~450 450 ~580 580~750 750 ~900 900 ~1000 1000 ~1800

Compression power

kW
75~90 90~~132 132~160 160~200 200~250 250~315 315~355 355~425

Serialized Turbo-expanders Serialized Cold Boxes
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FAT results: 
• Adiabatic efficiency : > 85%
• Noise:  78 db

Oil-injected Helium gas Screw compressor (T315WPH) 



Technical Data
Capacity

L
Weight

empty kg

Static 
Evaporation 

rate
%/ day

Working 
pressure

MPa

Design
pressure

MPa

Diameter
mm 

Height
mm 

FHDW-100 100 100 1.5 0.07 0.09 650 1500 

FHDW-150 150 130 1.45 0.07 0.09 750 1550 

FHDW-200 200 160 1.25 0.07 0.09 850 1600 

FHDW-250 250 160 1.25 0.07 0.09 850 1700 

FHDW-350 350 180 1.2 0.07 0.09 850 1800 

FHDW-400 400 235 1.2 0.07 0.09 850 1800 

FHDW-500 500 260 1 0.07 0.09 1100 1900 

FHDW-1000 1000 450 0.8 0.07 0.09 1400 2050 

FHDW-2000 2000 950 0.8 0.07 0.09 2000 2200 

FHDW-3000 3000 1400 0.8 0.07 0.09 2000 2610 

FHDW-5000 5000 2300 0.5 0.07 0.09 2400 3200 

FHDW-10000 10000 5000 0.5 0.07 0.09 2600 4100 

FHDW-20000 20000 5950 0.3 0.07 0.09 3300 4220 

Serialized Helium Dewar



Helium gas analyzer

Model HY-0080P-HEM

Gas Helium gas (5N)

Feeding pressure 10 ~16 bara

Return pressure 1~1.5 bara

Gas tight <1×10-7Pa.m3/s

H2O Measuring range 0~200vpm

N2 Measuring range 0~100vpm

CxHy Measuring 
range

0~30vpm

Oil Measuring 
range

0~250ppb

Measuring  
Accuracy

±2（ppb/vpm）/ 10%

Resolution 0.1 vpm（Gas）/ 1 ppb（Oil）

I/O DC 4/ 4~20mA

Power Supply AC220V±10%，50Hz <600W

Size 600×800×1600mm

Weight 170kg
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FHL-280 Cool-down  with Warm Dewar
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FHL-280 Refrigeration Performance Test

875W
I × U =875 W

LHe Level

LHe Level
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920W

FHL-280 Refrigeration Performance Test
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V = 251.58 t + 528.93
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FHL-280 Mixing mode Performance Test

I × U =300 W
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FHL-280 SHe Supply Test

SHe mass flow  10 g/s

SHe Temperature 

SHe Pressure 3bar



May, 2022

June

Oct.

Cavity Test task  Per Month

Running time: 2625 h 



Mode

SC Cavity

LHe

（g/s）

Coupler

4.5-75K

（W）

Thermal shield

50-75K

（W）

4.5K 

Equivalent 

Capacity（W）

Compression 

Power

（kW）

COP-1

(W/W）

2K Mode 11.3 1073 1340 1388 440 317

2K Standby 
（wo LN2）

3.4 305 473 419 400 955

4.5K Standby
（wo LN2）

3.49 317 472 430 348 810

FHL-400 Helium liquefier

东江实验室-先进能源科学与技术广东省实验室
Advanced Energy Science and Technology Guangdong Laboratory
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FHL-400 Helium liquefier



FHL-400 Helium liquefier Layout

COM. 

ORS. 
Cold Box 

He Dewar

Turbo Expanders



Technical Data Requirements Equivalent performance @ 4.5K

Refrigeration capacity @ 4.5K

(SC Magnet )
≥2350 W 2350 W

Refrigeration capacity @ 5-75K

(Thermal Shield)
≥3165 W 543 W

Refrigeration capacity @ 50-75K

(SC  current leads)
≥12.9 kW 753 W

Total Equivalent Refrigeration capacity @ 4.5K 3646

FHR-4000W@4.5K Helium Refrigeration Equipment

东江实验室-先进能源科学与技术广东省实验室
Advanced Energy Science and Technology Guangdong Laboratory
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FHR-4000W@4.5K Helium Refrigeration Equipment
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