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Construction of 600 W helium refrigerator/liquefier with variable temperature supplies in NIFS (1)

— Performance tests -
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Fig.1 Photograph of 600 W variable temperature helium
refrigerator/liquefier in NIFS.
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Fig.2 Measured results of temperatures at SHe
supply/return and heater inputs at test heater unit

/subcooler.
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Construction of 600 W helium refrigerator/liquefier with variable temperature supplies in NIFS (2)
— In—situ calibration of quarter circle orifice —
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Cryogen—free dilution refrigerator system for optical experiments at very low—temperatures
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Fig.1 Photograph of the cryogen—free dilution
refrigerator system under construction
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Fig.2 Scanning electron microscope image of the
sintered silver heat exchanger
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Table 1 Requirement for the cooler Dewar assembly

Item Specification
Cooling temperature 55K=+0.1K
Heat load from the detector 45mW
Number of wires 41
Ambient temperature 20deg C or less
Life time 5 year in orbit
Power consumption 50W or less
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1. Introduction

The recent operating temperature of the 1.3 GHz
niobium superconducting radio frequency cavity (SRF) is 2.0 K
or below and such low operating temperatures are achieved
with superfluid helium (T<2.17 K). To achieve such
temperatures a 2K heat exchanger (2K HX) in series with a
Joule=Thomson (JT) valve is employed in the cryogenic
system. The heat exchanger is required for liquid helium (LHe)
temperature reduction from 4.4 K to ~2.2 K or below before
JT valve using sensible heat capacity of cold helium gas (GHe)
at 2.0 K evaporating from helium tank of SRF cavities. Lower
inlet temperature results in flash loss reduction (40— 10%)
after JT expansion and hence increased production rate of
superfluid helium [1]. The JT valve maintains level and
pressure of superfluid helium in the helium tank of SRF cavity.
To cool liquid helium to approx. 2.2 K or below before the JT
valve, minimum effectiveness of 85% is required for the 2K
heat exchanger. At KEK, we have two variants of finned type
2K HXs, whose performance has to be determined with the
help of computational flow dynamics (CFD) and a 2K heat
exchanger test stand.

2. 2K Heat Exchangers

The 2K heat exchanger is helical coiled finned type with
two variants Type [ (Old Version) for heat loads until 30W (40
loops) and Type Il (New version) for heat load up to 100W (30
loops). The design methodology of both heat exchangers is
similar with difference being in the fin design. The fins provide
larger surface area for efficiently extracting enthalpy from LHe
flowing in helical tubes.

Fig.1 Type I and 1l 2K Heat Exchanger

3. Numerical and Experimental Setup

ANSYS CFX® for CFD is used to determine the
performance of the type Il 2K HX by simulating LHe and GHe
flowing through it. The fluid conditions are assumed to be
steady state with properties varied with respect to pressure
and temperature in the operating range of 4.4 K to 2.0 K and
adiabatic conditions from surroundings on 2K HX.

To determine the performance of heat exchangers
experimentally, a test stand primarily consisting of dummy
load tank at 2.0 K, a LHe storage tank, a heat exchanger, a JT
valve and control valves is employed. Temperature and

— 191 —

pressure sensors at specific positions measure the state of
fluids. LHe flows through the 2K HX via the JT valve to the
dummy load tank. Evaporating GHe from dummy load tank
flows through the 2K HX to helium gas pumping system while
exchanging enthalpy with LHe and cooling it.

4. Result and Discussions

Numerical analysis of type Il 2K HX at 37 W steady heat
load yielded 2.62 K subcooled liquid helium at the exit of heat
exchanger with effectiveness of approximately 72% and will
keep on decreasing at higher heat loads. Pressure drop
observed through the heat exchanger for GHe is 8 Pa for 37 W
and 65 Pa at 100 W.

Type 1 2K HX is currently being tested with the heat
exchanger test stand. The latest experimental run resulted in
2.45 K subcooled LHe at the exit of heat exchanger. The
effectiveness was 76% at 16 W of thermal load in the dummy
load tank.

1.0
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L os Extrapolated &
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> 0
2 (26" Loop]
8 0.4
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Fig.2 Effectiveness of type Il heat exchanger from CFD
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Fig.3 Latest experimental run with type | heat exchanger

5. Future Work

The experiment to measure performance of the 2K heat
exchangers will be continued and the experimental results
would be verified by the numerical analysis.
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Table 1 Specification of a 5 kW motor (5000 rpm)

RT—IHME 115.0 mm - (#IH9545F)
AT =B 72.0 mm

FrvT 0.3 mm

S MR 34.0 mm

B= 120 mm
AF—A20OY MY 12

O—4~X0v R 16

AF—AHA0v hEEEX 725733 %

ATIERER
ADEEE
75°C I

77K (-196°C AR

5200/60 = 86.67 Hz
200/N3 = 1155V

#1: 2.64x 1072 Q - m
7IL=:435x108Q m
#1:3.32x107°Q - m
FIL=:547x107°Q - m

Fig. 1 Designed structure of a 5 kW class HTS-ISM

Table 2 Analyzed characteristics of a 5 kW class HTS-ISM

75°C
gAY
HEEV)
AiR#(H2)
E1#528(rpm)
HAwW)
a—4 gREW)
AT —4 SHEW)
0—4 gk38(W)
AT —45 &EW)
B|EREHW)
BHE% )
[HAh/(Hh+1EK)]
hE
—REF(A)
—RIEHU(Q)

£5951n]

77K
0.14 0.0116
115.47 115.47
86.67 86.67
4472 5140
5049 5015
866.72 210.21
633.37 59.07
27.84 15.59
56.17 61.23
1584.09 346.10
76.1 93.5
0.89 0.84
21.47 18.48
0.458 0.058
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Fig. 3 Completed 50 kW class model motor
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Fig. 1. HTS-bulk containers

[$]

(=}

(=}
)

(m
.
o
(=)

(5]

=]

(=]
1

Magnetic flux density B (mT)
oo
Q
(=}

(=]
(=]

é Height h (mm)
——-1 —0—0 =3 ——5 ——7

WL, EATERERT S T TR, BUE, T LE( o — T
B RIES D DI LR EARORRE TR T AN A
W5,

Fig.3. Magnetic field distribution of the magnetic rail.
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Table 1 Specifications of the bulk magnet systems
12 W GM

5WGM

Photo

Dual-stage GM type | Dual-stage GM type

Refrigerator | ™ (Rs271, AISIN) | (RM20, ULVAC)

Lowest temp. 13K 12K

Cooling cap. 5W @ 20 K(2n9) 12 W @ 20 K(29)
Power 1.6 kW / 5.0 kW/

consumption | Three-phase 200V | Three-phase 200 V

Compressor Air-cooled Water-cooled

200

Temperature T(K)
o
o o

o
o
i

time t(min)

Fig. 1. Cooling characteristics (room temp. —=> ultimate temp.)
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Applied field x H(T)
Fig. 2. Total magnetic flux and magnetic flux density as a
function of applied field at 50 K.
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