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Cooling Power Iwatani PTR PDC08 (8W at 77K)

Approx. 29W at 164 K

PDC 08+C100K Cooling Power
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PDC08+C100K  Cooling Power

Cold Head Temperature(K) Cooling Power(W)
76,8 10
93,5 15
117,1 20

140,19 25
164,5 29,1
169 30

Volts….200
Hertz…50
Phase…1
Compressor Suzuki Shokan co..Ltd.  C100K
Cryocooler Iwatani PDC-08

Static Pressure:1.60MpaG
Measured by KEK on 2014/07/11
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Cooling test of miniature PT Cryocooler

Ò-PTRÒPDC08ĥ8W at 77KĭIwataniĦ

Ò-Air cooled compressor (700W at 50HzĦ

Ò-20W at 147K confirmed Ñ24W at 165K
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• Power Consumption Maximum 200W (including Drive PCB)

• Accessory　 DC48V Drive PCB (Model No. SC-UE15-31)

(Measured by TWINBIRD)

* Power supply to the cooler needs to be limited under the condition where the cold
head temperature is higher than 0C.

Copyright©2004-2010 TWINBIRD CORPORATION All Right Reserved

Cooling Power TWINBIRD Stiring Cooler

SC-UE15 FPSC Module UE15

Cooling Temperature Range : -120 to +70 C

1. Wide Range Cooling
Temperature

Innovative cooler with wide range
cooling temperature capability from
-120 C to +70 C.

2. Precise Temperature Control
Precise temperature control: Input
range to the cooler (0~100%) can be
controlled in 256 steps, and this
realizes the precise temperature
control, which have been difficult by
conventional compressors.
Inputs to the cooler can be made
under the condition of DC voltage 1V
to 5V or DC current 4mA to 20mA.
* Cooling capacity varies subject to the
ambient temperature and/or the cold
side temperature.

3. Environmental Friendly
This cooling system uses the Helium
gas, the natural refrigerant, which has
zero global warming potential.
Furthermore, no lubricant oil is
required to operate the FPSC, that is
environmental friendly product.

• SC-UE15 User's Manual

4. Easy to Operate
Objects can be cooled directly by this SC-UE15. No piping for the refrigerant is necessary. SC-UE15 employs the
integrated module structure with the refrigerator, heat exhaust fins, DC fan and heat-exhausting duct (equipped with
mount structure). It can be used as the cooler only by supplying DC48V to the Drive PCB.
* The power for driving the DC fan is supplied through the Drive PCB.

5. Compact Air-Cooled type
SC-UE15 employs the air-cooled type. Simple and compact design can be realized for the final product integrated with
the cooler.

• Dimension W180 x H160 x L420mm
Dimensional drawing (PDF)

• Mass Weight approx. 8.5Kg

• Power Source DC48V

• Cooling Capacity Approx. 120W (at the cold side temperature of -23.3 C)
Approx. 50W (at the cold side temperature of -80 C)

SC-UE15 FPSC Module UE15

Cooling Temperature Range : -120 to +70 C

1. Wide Range Cooling
Temperature

Innovative cooler with wide range
cooling temperature capability from
-120 C to +70 C.

2. Precise Temperature Control
Precise temperature control: Input
range to the cooler (0~100%) can be
controlled in 256 steps, and this
realizes the precise temperature
control, which have been difficult by
conventional compressors.
Inputs to the cooler can be made
under the condition of DC voltage 1V
to 5V or DC current 4mA to 20mA.
* Cooling capacity varies subject to the
ambient temperature and/or the cold
side temperature.

3. Environmental Friendly
This cooling system uses the Helium
gas, the natural refrigerant, which has
zero global warming potential.
Furthermore, no lubricant oil is
required to operate the FPSC, that is
environmental friendly product.

• SC-UE15 User's Manual

4. Easy to Operate
Objects can be cooled directly by this SC-UE15. No piping for the refrigerant is necessary. SC-UE15 employs the
integrated module structure with the refrigerator, heat exhaust fins, DC fan and heat-exhausting duct (equipped with
mount structure). It can be used as the cooler only by supplying DC48V to the Drive PCB.
* The power for driving the DC fan is supplied through the Drive PCB.

5. Compact Air-Cooled type
SC-UE15 employs the air-cooled type. Simple and compact design can be realized for the final product integrated with
the cooler.

• Dimension W180 x H160 x L420mm
Dimensional drawing (PDF)

• Mass Weight approx. 8.5Kg

• Power Source DC48V

• Cooling Capacity Approx. 120W (at the cold side temperature of -23.3 C)
Approx. 50W (at the cold side temperature of -80 C)

Cooling temperature range: -120 ºC to +70 ºC

Approx. 12W at -125 ºC 
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Slow Control
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LXe

TWINBIRD SC-UE15 
173K@30W

2015 3/27 - 4/7 

4.69ℓ/min[FM]
PT:-15kPaG

PT:86kPaG
PT2 
-59.0℃
PT1 
-109℃

PT3 
-1.6℃

PT4  -105.7℃

PT5 

-105.4℃

PT6  -110.82℃

PT7  -126.39℃T1 
-99.2℃P1=164K

PT, CH11 
10.6kPaG

T2 
-107.9℃

DB1000 
No.1,Pt7 CH 
PV=146.78K 
SV=140.00K

No.2 Pt6 コイル 
PV=162.34K 
SV=162.00K

Maximum：4.69ℓ/min

stable operation, 3/27 - 4/7

LXeクライオスタット

Operation for 10 days

液面~131mm

Heater 0W

vacuum 
2.53x10-4Pa

4.0x10-4Pa

PDC08: SV=164K
Gas Circulation Pump        

LXe Cryostat
PDC08 (PTR)

Liq.Xe  height 
~131mm

Heater 11W

Heat exchanger in 
vacuum

PTR 
(29.1W@164.5K)

note:  SV=Setting Value
PV=Monitor Value
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Temperature profile during pre-cooling and liquefaction

KEK 01 / 12 / 2015

Reached stability

Temperature of the Cold Head T1 [K] vs Time

164 K

Cold head 
Temperature 

reaches 165 K in 
about 12 h 

165 K
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Temperature profile during pre-cooling and liquefaction

KEK 01 / 12 / 2015

Temperature in the vessel : Lt-1[K]
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Internal cryostat 
Temperature 

reaches ∼ -109ºC 
in about 12 h  
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Temperature profile during pre-cooling and liquefaction

Holidays

Less than 24 h to cool 
down the system.
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ZOOM

Pressure profile inside cryostat during pre-cooling and liquefaction
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5h 20 min

6h 20 min

ZOOM

ZOOM

LXe level profile during Liquefaction

Estimated time needed to 
increase the LXe level of 

100 mm: ~ 12h  

KEK 01 / 12 / 2015

Holidays
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~ 7.5 l/min

~ 11 l/min

~ 4.5 l/min
from ~ 4.25 to 5.5 l/min

KEK 01 / 12 / 2015

Flow Rate vs Time. Data from 18/11 to 29/11

15

Circulation



Flow Rate vs Time

~ 4.25 l/min

~ 4.5 l/min
~ 4.7 l/min

~ 5.5 l/min

~ 11 l/min

~ 7.5 l/min

16KEK 01 / 12 / 2015



17

Temperature profile during circulation

Temperature stability during 
relative long period

Temperature (ºC) vs Time

T1T2
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Pressure profile during circulation

Pressure stability during 
relative long period

Pt-1: pressure inside cryostat 
Pt-3: pressure at exchanger inlet

KEK 01 / 12 / 2015
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Pressure profile during circulation

KEK 01 / 12 / 2015

Pt-1: pressure inside cryostat 
Pt-3: pressure at exchanger inlet
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LXe level profile during circulation

LXe level (mm) vs Time

KEK 01 / 12 / 2015
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Flow rate vs Time

~ 4.5 l/min

~ 7.5 l/min

26/11/15

ZOOM

ZOOM
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Flow rate vs Time

~ 4.5 l/min

~ 7.5 l/min

26/11/15

ZOOM

ZOOM
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PT3: 2nd-IN TEMP

PT2: 1st-OUT TEMP

PT1: 1st-IN TEMP

PT5: Heat exchanger OUT TEMPPT4: 2nd-OUT TEMP

PT7: Cold Heater TEMP

PT6: Xe Coil DC TEMP

26/11/15  23

Temperature vs Time

LXe

TWINBIRD SC-UE15 
173K@30W

2015 3/27 - 4/7 

4.69ℓ/min[FM]
PT:-15kPaG

PT:86kPaG
PT2 
-59.0℃
PT1 
-109℃

PT3 
-1.6℃

PT4  -105.7℃

PT5 

-105.4℃

PT6  -110.82℃

PT7  -126.39℃T1 
-99.2℃P1=164K

PT, CH11 
10.6kPaG

T2 
-107.9℃

DB1000 
No.1,Pt7 CH 
PV=146.78K 
SV=140.00K

No.2 Pt6 コイル 
PV=162.34K 
SV=162.00K

Maximum：4.69ℓ/min

stable operation, 3/27 - 4/7

LXeクライオスタット

Operation for 10 days

液面~131mm

Heater 0W

vacuum 
2.53x10-4Pa

4.0x10-4Pa

PDC08: SV=164K
Gas Circulation Pump        

LXe Cryostat
PDC08 (PTR)

Liq.Xe  height 
~131mm

Heater 11W

Heat exchanger in 
vacuum

PTR 
(29.1W@164.5K)

note:  SV=Setting Value
PV=Monitor Value

Flow rate of 4.5 l/min

KEK 01 / 12 / 2015
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The two curves have a similar trend

Heater vs Time and Heater vs Flow rate

Flow rate of 4.5 l/min

KEK 01 / 12 / 2015
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Flow rate vs Time

~ 4.5 l/min

~ 7.5 l/min

26/11/15

ZOOM

ZOOM
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Temperature vs Time

LXe

TWINBIRD SC-UE15 
173K@30W

2015 3/27 - 4/7 

4.69ℓ/min[FM]
PT:-15kPaG

PT:86kPaG
PT2 
-59.0℃
PT1 
-109℃

PT3 
-1.6℃

PT4  -105.7℃

PT5 

-105.4℃

PT6  -110.82℃

PT7  -126.39℃T1 
-99.2℃P1=164K

PT, CH11 
10.6kPaG

T2 
-107.9℃

DB1000 
No.1,Pt7 CH 
PV=146.78K 
SV=140.00K

No.2 Pt6 コイル 
PV=162.34K 
SV=162.00K

Maximum：4.69ℓ/min

stable operation, 3/27 - 4/7

LXeクライオスタット

Operation for 10 days

液面~131mm

Heater 0W

vacuum 
2.53x10-4Pa

4.0x10-4Pa

PDC08: SV=164K
Gas Circulation Pump        

LXe Cryostat
PDC08 (PTR)

Liq.Xe  height 
~131mm

Heater 11W

Heat exchanger in 
vacuum

PTR 
(29.1W@164.5K)

note:  SV=Setting Value
PV=Monitor Value

Flow rate of 7.5 l/min

PT3: 2nd-IN TEMP

PT2: 1st-OUT TEMP

PT1: 1st-IN TEMP

PT5: Heat exchanger OUT TEMPPT4: 2nd-OUT TEMP ~ superimposed to

PT7: Cold Heater TEMP

PT6: Xe Coil DC TEMP

26/11/15  26

KEK 01 / 12 / 2015



27

Heater vs Time and Heater vs Flow rate

Flow rate of 7.5 l/min

KEK 01 / 12 / 2015

The two curves have different trend
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Ratio Pressure/Temperature vs Gas Flow
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Flow rate vs Time

Flow rate around 4.5 l/min

KEK 01 / 12 / 2015

~4.5 l/min 
24h

~4.7 l/min 
47 h

~4.5 l/min 
24h

~4.3 l/min 
15h
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Ratio Pressure/Temperature vs Time

Flow rate around 4.5 l/min

KEK 01 / 12 / 2015
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-0,001

11/25/19 15:51 11/25/19 20:07 11/26/19 0:22 11/26/19 4:38 11/26/19 8:53

Pression in chamber [Mpa] / T1 [ﾟC]
Pression in chamber [Mpa] / T2 [ﾟC]

Ratio Pressure/Temperature vs Time

Flow rate around 7.5 l/min
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Ratio Pressure/Temperature vs Time
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Flow Rate [l/min]
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Cryogenics Study

insulation lost

insulation lost

By courtesy of Eric Morteau

conduction
conduction

KEK 01 / 12 / 2015

LXe

TWINBIRD SC-UE15 
173K@30W

2015 4/8 9:00 

10.07ℓ/min[FM]
PT:-24kPaG

PT:31kPaG
PT2 
-45.7℃
PT1 
-108.6℃

PT3 
11.7℃

PT4  -105.4℃

PT5

PT6  -110.46℃

PT7  -126.16℃T1 
-99.4℃P1=164K

PT, CH11 
11.6kPaG

T2 
-107.6℃

DB1000 
No.1, Pt7 CH 
PV=146.98K 
SV=140.00K

No.2 Pt6 コイル 
PV=162.70K 
SV=162.00K

Maximum：10ℓ/min

getter(filter) bypassed

LXeクライオスタット

Maximum: 10ℓ/min

液面~131mm

Heater 0W

vacuum 
2.5x10-4Pa

4.1x10-4Pa

PDC08: SV=164K
Gas Circulation Pump        

LXe Cryostat

Liq.Xe  height 
~131mm

Heater 6.7W

Heat exchanger in 
vacuum

PTR 
(29.1W@164.5K)

note:  SV=Setting Value
PV=Monitor Value

}
}
}

Thermal loss between cryostat 
and heat exchanger 

Thermal conduction inside 
heat exchanger
Thermal loss between 
exchanger outlet and cryostat  
inlet

SUBATECH KEK

Gas flow (l/min) 31.3 4.5 7.5 11.0

T inside cryo T2 (ºC) -100.7 -106.9 -106.5 -106.3

PT1 (ºC) -106 -107.9 -107.5 -107.3

PT2 (ºC) 18.1 -58.5 -50.3 -44.1

PT3 (ºC) 24.5 -1.5 6.7 11.7

PT5 (ºC) -104.4 -104.7 -104.3 -104.0

T1 (ºC) -104.4 -98.6 -98.5 -98.5
*Average values during stability 

conduction

TWINBIRD
Gas flow (l/min) 4.5 7.5 11.0

PT7 (ºC) -124.8 -125.1 -124.9
PT6 (ºC) -109.6 -109.5 -109.2

PT4 (ºC) -104.7 -104.5 -104.3
PT5 (ºC) -104.4 -104.3 -104.0

Cooling Power (W) ∼ 12 ∼ 12 ∼ 12
Heater (W) 0 0 0

*Average values during stability 
*PTR Cooling power from data sheet 
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SUBATECH KEK

Gas flow (l/min) 31.3 4.5 7.5 11.0

T inside cryo T2 (ºC) -100.7 -106.9 -106.5 -106.3

PT1 (ºC) -106 -107.9 -107.5 -107.3

PT2 (ºC) 18.1 -58.5 -50.3 -44.1

PT3 (ºC) 24.5 -1.5 6.7 11.7

PT5 (ºC) -104.4 -104.7 -104.3 -104.0

T1 (ºC) -104.4 -98.6 -98.5 -98.5

PTR (164 K@24 W)

Gas flow (l/min) 4.5 7.5 11.0

Cold Head T (ºC) 164 164 164

PTR Power (W) 29 29 29
Heater (W) 11 8 6.5

Cooling Power (W) 18 21 22,5
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By courtesy of Kasami-san

KEK Cryogenics Set-up — Data (18 - 26/11/2015)
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SUBATECH KEK

Gas flow (l/min) 31.3 4.5 7.5 11.0 4.5

PT2 (ºC) 18.1 -58.5 -50.3 -44.1 -58.5

PT3 (ºC) 24.5 -1.5 6.7 11.7 -2.1

Efficiency (%) 99.9 86.1 86.1 86.5 86.3

Cp (J/g/K) 0.34
Lp (J/g) 96.26

KEK 01 / 12 / 2015

Heat Exchanger Efficiency

By courtesy of Kasami-san
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Figure 1:  (left) 3D drawing of the PTR, heat exchanger and the connection with cryostat. (right) Schematic of 
XEMIS cryogenic system.  

 
 
PERFORMANCE OF HEAT EXCHANGER 
 
To estimate the performance of the present heat exchanger as a function of recirculation rate, it is 
necessary to measure the pressure and temperature at inlet and outlet. Concerning the pressure drop, the 
one in the shell side is measured from the difference of pressure at inlet and at cryostat (outlet). For the 
tube side, because the valve between the outlet and the pressure sensor is used to adjust the flow, the 
pressure at the outlet can only be measured directly at highest flow (~33 NL/min, the valve is fully 
opened). In order to estimate the pressure at outlet, we assume that the pressure drop is proportional to the 
xenon mass inside the heat exchanger, which can be obtained from the LXe level measurement. The result 
of pressure drop is shown in Figure 2 (left). The pressure drop in the tube side is much bigger due to the 
vertical distance between cryostat and heat exchanger (~50 cm). The measurement of temperature 
difference is shown in Figure 2 (right). The temperature at cold end is quite stable (tube side: ~-103 ºC, 
shell side: ~ -101 ºC), which indicates that there is heat exchange between LXe and GXe inside heat 
exchanger even at small flow (~2.5 NL/min). Compare with the assumption of pressure difference 
between tube/shell side and temperature difference at the cold end for the design of heat exchanger (0.5 
bar, 6 K), the observed values are much smaller (~0.15 bar, 2 K). The efficiency of heat exchanger (ε) as a 
function of recirculation rate can be estimated as: 
 

Q
FTC warmp u'u

� 1H                        (1) 

 
Where Q (W) is the thermal duty to recondense a given gaseous xenon flow F (g/s)*. Cp (J/g/K) and 
ΔTwarm (K) are the specific heat of xenon and the temperature difference at warm end†, respectively. The 
measurement of cooling power is shown in Figure 3 (left), which shows that the change of cooling power 
is nearly unobservable at high flow. The efficiency estimated by Equation 1 is shown in Figure 3 (right).  
It is 99% even at high flow, which is even better than its design value (95%) or the performance of the 
plate heat exchanger described in [6]. 
 
 
CONCLUSION 
 
The measurement indicates that the performance of coaxial heat exchanger is better than its designed 
value. Based on its good performance and high strength, it may not only be a good solution for ReStoX, 
but also be a good device for all LXe experiments like DARWIN [5] project. 

                                                 
* Is converted from the flow (NL/min) measured by flow meter 
† The outlet of tube side and the inlet of shell side, which are close to room temperature 

(g/s)
(W)
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SUBATECH KEK

Gas flow (l/min) 31.3 4.5 7.5 11.0 4.5

PT2 (ºC) 18.1 -58.5 -50.3 -44.1 -58.5

PT3 (ºC) 24.5 -1.5 6.7 11.7 -2.1

Efficiency (%) 99.9 86.1 86.1 86.5 86.3
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Figure 1:  (left) 3D drawing of the PTR, heat exchanger and the connection with cryostat. (right) Schematic of 
XEMIS cryogenic system.  

 
 
PERFORMANCE OF HEAT EXCHANGER 
 
To estimate the performance of the present heat exchanger as a function of recirculation rate, it is 
necessary to measure the pressure and temperature at inlet and outlet. Concerning the pressure drop, the 
one in the shell side is measured from the difference of pressure at inlet and at cryostat (outlet). For the 
tube side, because the valve between the outlet and the pressure sensor is used to adjust the flow, the 
pressure at the outlet can only be measured directly at highest flow (~33 NL/min, the valve is fully 
opened). In order to estimate the pressure at outlet, we assume that the pressure drop is proportional to the 
xenon mass inside the heat exchanger, which can be obtained from the LXe level measurement. The result 
of pressure drop is shown in Figure 2 (left). The pressure drop in the tube side is much bigger due to the 
vertical distance between cryostat and heat exchanger (~50 cm). The measurement of temperature 
difference is shown in Figure 2 (right). The temperature at cold end is quite stable (tube side: ~-103 ºC, 
shell side: ~ -101 ºC), which indicates that there is heat exchange between LXe and GXe inside heat 
exchanger even at small flow (~2.5 NL/min). Compare with the assumption of pressure difference 
between tube/shell side and temperature difference at the cold end for the design of heat exchanger (0.5 
bar, 6 K), the observed values are much smaller (~0.15 bar, 2 K). The efficiency of heat exchanger (ε) as a 
function of recirculation rate can be estimated as: 
 

Q
FTC warmp u'u
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Where Q (W) is the thermal duty to recondense a given gaseous xenon flow F (g/s)*. Cp (J/g/K) and 
ΔTwarm (K) are the specific heat of xenon and the temperature difference at warm end†, respectively. The 
measurement of cooling power is shown in Figure 3 (left), which shows that the change of cooling power 
is nearly unobservable at high flow. The efficiency estimated by Equation 1 is shown in Figure 3 (right).  
It is 99% even at high flow, which is even better than its design value (95%) or the performance of the 
plate heat exchanger described in [6]. 
 
 
CONCLUSION 
 
The measurement indicates that the performance of coaxial heat exchanger is better than its designed 
value. Based on its good performance and high strength, it may not only be a good solution for ReStoX, 
but also be a good device for all LXe experiments like DARWIN [5] project. 

                                                 
* Is converted from the flow (NL/min) measured by flow meter 
† The outlet of tube side and the inlet of shell side, which are close to room temperature 
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Figure 1:  (left) 3D drawing of the PTR, heat exchanger and the connection with cryostat. (right) Schematic of 
XEMIS cryogenic system.  

 
 
PERFORMANCE OF HEAT EXCHANGER 
 
To estimate the performance of the present heat exchanger as a function of recirculation rate, it is 
necessary to measure the pressure and temperature at inlet and outlet. Concerning the pressure drop, the 
one in the shell side is measured from the difference of pressure at inlet and at cryostat (outlet). For the 
tube side, because the valve between the outlet and the pressure sensor is used to adjust the flow, the 
pressure at the outlet can only be measured directly at highest flow (~33 NL/min, the valve is fully 
opened). In order to estimate the pressure at outlet, we assume that the pressure drop is proportional to the 
xenon mass inside the heat exchanger, which can be obtained from the LXe level measurement. The result 
of pressure drop is shown in Figure 2 (left). The pressure drop in the tube side is much bigger due to the 
vertical distance between cryostat and heat exchanger (~50 cm). The measurement of temperature 
difference is shown in Figure 2 (right). The temperature at cold end is quite stable (tube side: ~-103 ºC, 
shell side: ~ -101 ºC), which indicates that there is heat exchange between LXe and GXe inside heat 
exchanger even at small flow (~2.5 NL/min). Compare with the assumption of pressure difference 
between tube/shell side and temperature difference at the cold end for the design of heat exchanger (0.5 
bar, 6 K), the observed values are much smaller (~0.15 bar, 2 K). The efficiency of heat exchanger (ε) as a 
function of recirculation rate can be estimated as: 
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Where Q (W) is the thermal duty to recondense a given gaseous xenon flow F (g/s)*. Cp (J/g/K) and 
ΔTwarm (K) are the specific heat of xenon and the temperature difference at warm end†, respectively. The 
measurement of cooling power is shown in Figure 3 (left), which shows that the change of cooling power 
is nearly unobservable at high flow. The efficiency estimated by Equation 1 is shown in Figure 3 (right).  
It is 99% even at high flow, which is even better than its design value (95%) or the performance of the 
plate heat exchanger described in [6]. 
 
 
CONCLUSION 
 
The measurement indicates that the performance of coaxial heat exchanger is better than its designed 
value. Based on its good performance and high strength, it may not only be a good solution for ReStoX, 
but also be a good device for all LXe experiments like DARWIN [5] project. 

                                                 
* Is converted from the flow (NL/min) measured by flow meter 
† The outlet of tube side and the inlet of shell side, which are close to room temperature 
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Figure 1:  (left) 3D drawing of the PTR, heat exchanger and the connection with cryostat. (right) Schematic of 
XEMIS cryogenic system.  

 
 
PERFORMANCE OF HEAT EXCHANGER 
 
To estimate the performance of the present heat exchanger as a function of recirculation rate, it is 
necessary to measure the pressure and temperature at inlet and outlet. Concerning the pressure drop, the 
one in the shell side is measured from the difference of pressure at inlet and at cryostat (outlet). For the 
tube side, because the valve between the outlet and the pressure sensor is used to adjust the flow, the 
pressure at the outlet can only be measured directly at highest flow (~33 NL/min, the valve is fully 
opened). In order to estimate the pressure at outlet, we assume that the pressure drop is proportional to the 
xenon mass inside the heat exchanger, which can be obtained from the LXe level measurement. The result 
of pressure drop is shown in Figure 2 (left). The pressure drop in the tube side is much bigger due to the 
vertical distance between cryostat and heat exchanger (~50 cm). The measurement of temperature 
difference is shown in Figure 2 (right). The temperature at cold end is quite stable (tube side: ~-103 ºC, 
shell side: ~ -101 ºC), which indicates that there is heat exchange between LXe and GXe inside heat 
exchanger even at small flow (~2.5 NL/min). Compare with the assumption of pressure difference 
between tube/shell side and temperature difference at the cold end for the design of heat exchanger (0.5 
bar, 6 K), the observed values are much smaller (~0.15 bar, 2 K). The efficiency of heat exchanger (ε) as a 
function of recirculation rate can be estimated as: 
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Where Q (W) is the thermal duty to recondense a given gaseous xenon flow F (g/s)*. Cp (J/g/K) and 
ΔTwarm (K) are the specific heat of xenon and the temperature difference at warm end†, respectively. The 
measurement of cooling power is shown in Figure 3 (left), which shows that the change of cooling power 
is nearly unobservable at high flow. The efficiency estimated by Equation 1 is shown in Figure 3 (right).  
It is 99% even at high flow, which is even better than its design value (95%) or the performance of the 
plate heat exchanger described in [6]. 
 
 
CONCLUSION 
 
The measurement indicates that the performance of coaxial heat exchanger is better than its designed 
value. Based on its good performance and high strength, it may not only be a good solution for ReStoX, 
but also be a good device for all LXe experiments like DARWIN [5] project. 

                                                 
* Is converted from the flow (NL/min) measured by flow meter 
† The outlet of tube side and the inlet of shell side, which are close to room temperature 

  
 

 

           
 
Figure 1:  (left) 3D drawing of the PTR, heat exchanger and the connection with cryostat. (right) Schematic of 
XEMIS cryogenic system.  

 
 
PERFORMANCE OF HEAT EXCHANGER 
 
To estimate the performance of the present heat exchanger as a function of recirculation rate, it is 
necessary to measure the pressure and temperature at inlet and outlet. Concerning the pressure drop, the 
one in the shell side is measured from the difference of pressure at inlet and at cryostat (outlet). For the 
tube side, because the valve between the outlet and the pressure sensor is used to adjust the flow, the 
pressure at the outlet can only be measured directly at highest flow (~33 NL/min, the valve is fully 
opened). In order to estimate the pressure at outlet, we assume that the pressure drop is proportional to the 
xenon mass inside the heat exchanger, which can be obtained from the LXe level measurement. The result 
of pressure drop is shown in Figure 2 (left). The pressure drop in the tube side is much bigger due to the 
vertical distance between cryostat and heat exchanger (~50 cm). The measurement of temperature 
difference is shown in Figure 2 (right). The temperature at cold end is quite stable (tube side: ~-103 ºC, 
shell side: ~ -101 ºC), which indicates that there is heat exchange between LXe and GXe inside heat 
exchanger even at small flow (~2.5 NL/min). Compare with the assumption of pressure difference 
between tube/shell side and temperature difference at the cold end for the design of heat exchanger (0.5 
bar, 6 K), the observed values are much smaller (~0.15 bar, 2 K). The efficiency of heat exchanger (ε) as a 
function of recirculation rate can be estimated as: 
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Where Q (W) is the thermal duty to recondense a given gaseous xenon flow F (g/s)*. Cp (J/g/K) and 
ΔTwarm (K) are the specific heat of xenon and the temperature difference at warm end†, respectively. The 
measurement of cooling power is shown in Figure 3 (left), which shows that the change of cooling power 
is nearly unobservable at high flow. The efficiency estimated by Equation 1 is shown in Figure 3 (right).  
It is 99% even at high flow, which is even better than its design value (95%) or the performance of the 
plate heat exchanger described in [6]. 
 
 
CONCLUSION 
 
The measurement indicates that the performance of coaxial heat exchanger is better than its designed 
value. Based on its good performance and high strength, it may not only be a good solution for ReStoX, 
but also be a good device for all LXe experiments like DARWIN [5] project. 
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Figure 2: (left) the pressure drop in the tube side (black solid circle) and shell side (red triangle) as a function of flow. The 
pressure drop of shell side is calculated from the difference of pressure at the inlet of shell side and at the cryostat. For the tube 
side, only the point at ~33L/min is measured from the pressure sensor. The others are estimated from the measurement of LXe 
mass inside heat exchanger. (right) The temperature difference of the cold end (black triangle) and hot end (red solid circle). 
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Figure 3: (left) The cooling power (estimated) in order to keep the cryostat at stable pressure (~1.4 bar) as a function of flow. 
(right) The efficiency (%) of heat exchanger in different flow, which is estimated using Equation 1.  
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