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Recommended Ice Bath for Reference Junctions

RATIONALE
ARPG691 has been reaffirmed to comply with the SAE five-year review policy.

1. SCOPE - The ice bath recommended herein is similar to that described in SAE AIR 46. *
Some material not presented in AIR 46, including preferred dimensions, has been added.

2. REQUIREMENTS

2.1 A mixture of shaved ice and water provides a convenient and easily reproducible bath
at 00C (32°F) for reference junctions. The ice bath of the accompanying sketch is
recommended as one that will provide reference junctions that are near enough to 0°C
for practically all engineering applications. A large-mouthed Dewar fiask (preferably
one quart or larger) is filled with shaved or finely cracked clear ice, and enough water
is added to make a slush, but not enough to float the ice. Any potable water and ice
are sufficiently pure to provide a bath that is 0°C to within a few hundredths of a de-
gree. When a closer approach to 0°C is desired, the bath should be made with dis~
tilled water ice or distilled water; and, for highest accuracy, both distilled water ice
and distilled water should be used. Any materials in contact with the water-ice slush
of the bath should, of course, be insoluble. Care should be taken that there is ice
down to the bottom of the Dewar when the bath is prepared.

2.2 For each junction to be kept at the ice point a glass tube with as thin walls and small
diameter as is practical, closed at the bottom, and flared at the top, .is inserted
through a hole in the cork of the Dewar. Enough mercury is placed within each tube so
that the depth is about 3/4 inch with the thermocouple and lead wires in place. The
tubes should be long enough so that when inserted in the slush, the upper surface of the
mercury is at least 4-1/2 inches below the top surface of the slush. For wires of 12
gage and larger this distance should be not less than 60 diameters. The tubes
should be not less than 1/2 inch from the side of the Dewar.

2.3 The actual reference junctions are made by inserting a thermo-element and a copper
wire, each polished with a file or sandpaper for a length such that electrical contact
between them is made only below the mercury. The junctions may be made by hard
soldering or welding the thermocouple wires to coppér, but the excellent thermal and
electrical contact provided by the mercury makes the mercury connection preferable.
There must be no electrical contact between the wires above the mercury, because no
other point is sure to be at the known reference temperature. The insides of the glass
tubes must be kept clean and dry; condensed moisture must not be allowed to accumu-
late. An adequate seal at the open ends of the tubes can be made with universal wax,
paraffin, or other similar material before inserting the tubes in the ice bath.

*SAE Aerospace Information Report No. 46, THE PREPARATION AND USE OF CHROMEL-
ALUMEL THERMOCOUPLES FOR TURBOJET ENGINES, prepared by Committee AE-2,
Temperature Measurement Sensing, March 15, 1956
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2.4

2.6

2.7

2.8

During a period of use of an ice bath, excess water should be poured off, and more ice
should be added at intervals sufficiently short that the bottoms of the tubes containing
mexrcury are never surrounded by water alone, A safe practice is to keep a minimum of
one inch of ice below the bottoms of the tubes, because the temperature of water below
floating ice may be as much as 4°C above the ice point. Just how often such rencwal is
required will depend on factors including the quality of the Dewar and the rate at which
heat is conducted infto the bath along the tubes and wires.

The circuit from the ice bath to the measuring instrument should be all copper. The
use of other materials in terminals, switches, etc., will cause errors if temperature
gradients are present in them,

The effects of conduction along the glass tubes and thermocouple and lead wires can be
minimized to the point of practical elimination by the proper selection of dimensions,
such as diameters of wires and tubes, wall thickness of tubes, and immersion of tubes

in the slush,

An indication of the error in the temperature of an ice bath similar fo that recommended
is provided by results of some tests made to determine the errors when Alumel wires of
14-, 18~, and 20~gage were inserted in a bath along with the 20-gage bare copper wires.
In each case the temperature of the Alumel 1/8 inch above the upper surface of the mer-
cury was found to be about 0.025°C high.

The Pyrex glass tubes used in the tests were 0,200 inch outside diameter by 0.130 inch
ingide diameter, and have a thermal conductivity of about 1/90th that of copper. On
combining the cross-sectional area of the glass with its conductivity, the glass tubes are
seen to conduct about one~fourth as much heat into the bath as do the No. 20 copper
wires. Here the additional requirement is found that for a very close approach to 0°C,
the cross section of the glass tubes also should be kept to a practical minimum.

PREPARED BY SAE COMMITTEE AE-2,
TEMPERATURE MEASUREMENT SENSING

REAFFIRMED BY SAE COMMITTEE E-32, AEROSPACE PROPULSION SYSTEMS HEALTH MANAGEMENT

Documents

Full document details: SAE ARP691


http://www.avadocuments.com/doc/sae-arp691
http://www.avadocuments.com/doc/sae-arp691

