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Abstract

A cryogenic system has been constructed for a liquid hydrogen polarimeter

in order to measure polarization of high energy proton at the 1.3 GeV

electron synchrotron of Institute for Nuclear Study, University of Tokyo.

The system principally consists of a cryogenerator with a cryogenic

transfer line, a liquid hydrogen cryostat, and a 14. 5S. target container of

thin aluminum alloy where liquid hydrogen is served for the experiment. The

refrigeration capacity is about 54W at 20.4K without a target container.

SI. Introduction

Up to now, two types of a liquid hydrogen target utilizing a small

mechanical refrigerator have been used successfully for studying various

elementary particle reactions at the electron synchrotron. These targets are

closed-cycle systems in which the safety factor is much increased, and

continue in operation for a long period of 1000 and 3000 hours, respectively.

In addition to above advantageous features, the refrigeration capacity is

required about 50W for a cooling system used as the liquid hydrogen polari-

meter. In fact, liquid hydrogen of about 14.5H is stored in a target container.

Considering above conditions, a Philips cryogenic transfer system PGH-105

based on one cylinder cryogenerator, was chosen.

The refrigeration capacity of the cryogenerator in the absence of any

load is nominal 60W at 20.4K, together with 190W at 77K.

The characteristic features of the cryogenic system are as follows.

(1) Condensation of hydrogen gas is caried out by means of a closed-cycle

systems, so that the safety factor is much incleased.
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(2) Cold of 20.4K is produced at the considerable distance from the cryogene-

rator.

In this paper, the detail of construction, operation, and performance of

the cryogenic system are described.

§2. Description of the cryogenic system

The principal components of the system, as shown in Fig. 1, are a Philips

3)
cryogenic transfer system PGH-105 , a cold transfer line, a liquid hydrogen

cryostat with a condenser and a target container made of thin aluminum alloy,

a hydrogen gas supply equipment, and a control panel. Each equipment is

interconnected with flexible gas tubes and/or electrical cables.

CRYOGENIC TRANSFER SYSTEM PGH-105

3) 4)
The cryogenic trans.er system PGH-105 ' consists of a cryogenerator

and a helium gas circulating head provided with two cold exchangers for the

20.4K and 77K temperatures. The cryogenerator is connected to the cryostat

through the cold transfer line of approx. 1.2m long. This cryogenerator

works on the Stirling principle of refrigeration cycle and has two refrige-

ration stages. The nominal refrigeration capacity is extracted 60W at

20.4K from a second stage, together with 190W at 77K from a first stage.

The lowest temperature of 12K is obtained in the absence of any load, but

the capacity falls to zero at the same time.

COLD TRANSFER LINE

As shown in Fig. 2, the cold transfer line consists of a vacuum-insulated

jacket of 1.2m length, which encloses four lines, the supply and return ones
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for the transfer medium at 20.4K and 77K, respectively. Gas streams in

these lines are driven the distance between cold exchangers of the

cryogenerator and cold exchangers welded at the surface of a condenser, by

high-speed ventilators mounted on the cryogenerator.

LIQUID HYDROGEN CRYOSTAT

An assembly drawing at the liquid hydrogen cryostat is shown in Fig. 2.

Flanged joints divide a vacuum vessel into two sections, which are a

stainless steel upper vessel and an aluminum alloy lower vessel. An aluminum

cylinder with hemispherical formed end is extended from one side of the

lower vessel. This cylinder is stood in the direction of the incident proton.

All cryogenic, electrical, and vacuum connections are taken through a

head plate of the upper vessel.

COLD EXCHANGER & RADIATION SHIELD

All internal structures (cold exchangers, a condenser chamber, a

radiation-shield drum, and a target container) are suspended from the head

plate by a thin stainless steel tube. The aluminum radiation-shield drum

attached to the first-stage heat exchanger is placed between the condenser

chamber and the upper vacuum vessel to reduce the radiation heat input.

Without the radiation shield, the radiation heat input to the

condenser from the surroundings is estimated to be about 2.3W at 20.4K. The

hea; inflow to the radiation-shield drum at 77K from the ambient temperature

is estimated to be approx. 4.8W.

Five stainless steel tubes pass the head plate and are connected to

each parts in the cryostat by means of a flanged joint. One of these

tubes is jointed to the condenser chamber via the first-stage heat exchanger



and is used for filling hydrogen gas. The other four tubes are connected to

the cold heat exchangers and are used as transfer-lines carrying the supply

and the return helium coolant.

CONDENSER CHAMBER & TARGET CONTAINER

The target container and the condenser chamber are connected with each

other by two stainless steel tubes, one for a feed line of liquid hydrogen

and the other for a vent line of evaporated hydrogen gas. At the lower

side of the target container, a exhaust tube is installed against the case

of emergency.

Several layers of 0.02mm thick aluminized mylar film are wrapped around

the condenser chamber, the radiation-shield drum, and the target container

so as to reduce the heat inflow through radiation process.

Gaseous hydrogen from the supply system is initially precooled to

approx. 77K at the first stage exchanger. The hydrogen gas is then transfered

into the condenser and is liquefied on the 20.4K surface. Liquid hydrogen

in the condenser is led to the target container via the feed line.

The target container is made of a 5mm thick aluminum alloy in order to

minimize the background reaction. Flat formed caps of 0.5mm thick aluminum

are welded with electron beam to both ends of the container.

SAFETY MEASURES

The safety for emergency is carefully considered in the design and

operation of whole system. Two safety valves are provided to protect the

target container against over pressure. If, for any reason, the vapor

pressure in the condenser or the target container increases abnormally, the

relief valves (Fig. 1) open at the gauge pressure of 0.3kg/cm2 and 0.7kg/cm2,
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respectively,, and vent hydrogen gas to the atmosphere.

A exhaust pipe is placed at the lower side of the condenser and the

other end of its pipe extends to a vent valve through the head plate of the

upper vessel. When the vent valve is open, the liquid hydrogen in the

container is blown off to the atmosphere by means of an exhaust fan.

CONTROLLERS & INDICATORS

The system is provided with controllers and indicators. The major

functions of these installations are as follows:

1. To control the temperature of the second stage and the condenser by means

of a control heater.

2. To monitor the temperature at the first stage, the second stage, and the

target container.

3. To control the operation of the cryogenerator.

4. To indicate the pressure in the vacuum vessel.

5. To indicate the liquid hydrogen level in the target container.

When liquid and gaseous hydrogen coexist in a closed vessel, the temper-

ature of liquid can be determined from hydrogen vapor pressure. The vapor

pressures in the target container and the condenser chamber are measured with

compound gauge PI. The temperatures at the first stage and the condenser

are monitored with Chromel vs An-0.07at%Fe thermocouples and vapor-pressure

thermometers (the nitrogen and the hydrogen vapor-pressure thermometers),

while the temperature of the target container is monitored with a Chromel vs

An-0.07at%Fe thermocouple.

A pressure switch PS is placed in the hydrogen gas line in order to

control a tape heater wrapped around the second supply line of heli-'m

coolant. The pressure switch is adjusted at the working pressure as follows;



1. When the pressure decrease below O.OOkg/cm G, the heater is automatically

switched on.

2. When the pressure exceeds about 0.07kg/cm2G, the heater is switched off.

A carbon resistor is inserted in the target container to monitor the

liquid hydrogen level.

§3. Operation

The cryogenic system is proceeded in the following manner:

START UP

1. Evacuating the helium gas circulating head and the vacuum space of the

cold transfer line down to the pressure of 10 torr.

2. Evacuating the vacuum vessel down to the pressure of 10 J torr.

3. Pumpping out the condenser chamber, the target container, and other

hydrogen gas lines by means of oil rotary pump.

4. Filling the hydrogen gas into the condenser and the target container

at the lower pressure than about 0.3kg/cm G.

5. Checking the cooling water supply more than 0.75m /h.

6. Switching on the circulator and then the cryogenerator.

COOL DOWN

7. Monitoring the pressure in the vacuum vessel and temperatures at every

refrigeration stage during the cool down. When the condenser chamber is

at the condensing temperature, the hydrogen gas will first condense. The

target container will not start to be filled until it also has reached the

same temperature.

- 6-



STEADY STATE

8. Shutting off the supply gas when the liquid in the target container

reaches the desired level.

9. Adjusting the output or the control heater to be a little larger than

the effective refrigeration capacity. The control heater is automatical

in operation in accordance with the decrease or the increase of the

hydrogen vapor pressure. Thus, the liquid hydrogen in the target

container is maintained at the constant volume.

SHUTDOWN

10. Shutting off the cryogenerator and then the circulator. The system is

warmed slowly and the vaporized hydrogen gas will be exhausted to the

atmosphere through vent valve VII and/or relief valves SV1 and SV2.

§4. Performance

This system is besed on the cryogenic transfer system PGH-105 which is

nominally rated at 60W capacity at 20.4K, working on a Stirling cycle.

Cooldown characteristics wn *• the aluminum alloy target container of 149mm

in diameter, 830mm in length, 0.5mm in thickness, and 14.5^ in volume, are

given in Fig. 3.

It takes about 70min to cool the second exchanger and the condenser

chamber down to 20.4K, while it takes about additional 60 minutes to cool

the target container down to 20.4K.

After the target container is completely cooled down, the liquefaction

rate is measured to be about 2l/h. The total time sequence for cooling down

is about 9.3h for the 14.5S. target container.



As shown in Fig. 4 at the steady state, the effective refrigeration

capacity of the cryogenic system can provide approx. 54W without the 14.51

target container.

The performance described above has been tested under following condi-

tions.

In order to reduce the radiation loss, the condenser and the target

chamber were wrapped around with several layers of thin aluminized mylar

foil.

In conclusion, the cryogenic system for the liquid hydrogen polarimeter

has proved to supply 14.5& liquid hydrogen in 9.3h. The system has been met

the requirements for performance, safety, maintenance, and ease of operation.
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