.. At i

Nov. 24, 1959 W. R. KANNE 2,914,594
THERVAL' COUPLE FOR MEASURING TEMPERATURE IN A REACTOR
Filed Jan. 4, 1946

FlE.35.

~ 7 7
’Tlfu— ' : b oo -é - 3 {||‘J+
Gy _ =
i 5
= ) -

FIG 1.

[
b ol o RTT T 7

T

rtrzesses:

Trreiere o

W % M_ k/e'//l'amfaa’oév/& Aerrzree

By

et o Lerataa
; : < T orveey:



United States Patent O

2,914,594
Patented Nov. 24, 1959

fice

2,914,594

THERMAL COUPLE FOR MEASURING
TEMPERATURE IN A REACTOR

william Rudolph Kanne, Richland, Wash., assignor to
the United States of America as represented by the
United States Atomic Energy Commission

Application January 4, 1946, Serial No. 639,138
6 Claims. (CI, 136—4)

This invention relates to neutronic reactors, and par-
ticularly to a device for measuring the temperature with-
in a neutronic reactor of the air-cooled type.

One of the principal objects of the present invention
is to provide a device for determining the temperature
in the coolant passages or tubes of a reactor in which
bodies of fissionable material are placed during neutronic
bombardment in a reactor.

Another object is to thermally insulate the temperature
responsive part of the present device for heat conducting
parts of the reactor so that the ‘device is responsive sub-
stantially only to air passing through the tubes.

Another object is to provide a simple and inexpensive
thermocouple which may be installed for operation in a
reactor in the same manner as the bodies of fissionable
material so as to make possible the obtaining of the
proper temperatures without interfering with the charging
and discharging operations of the reactor.

A more specific object is to provide a thermocouple
for the primary purpose described which may be manipu-
lated in such a manner that the temperatures of the bodies
of active material may also be determined thereby.

Other objects and advantages will become apparent
from the following descriptions wherein reference is made
to the drawings in which:

Fig. 1 is a diagrammatic, vertical, longitudinal, sectional
view of an air cooled reactor showing one of the cooling
tubes with the device of the present invention installed
therein;

Fig. 2 is an enlarged cross sectional view taken on line
22 of Fig. 1;

Fig. 3 is an enlarged side elevation of a device em-
bodying the principles of the present invention; and

Fig. 4 is a fragmentary longitudinal sectional view,
partly in elevation, illustrating a modification of the de-
vice shown in Fig. 3.

Referring to Fig. 1, the reactor comprises generally a
mass 1 of moderating material, such as graphite, enclosed
in suitable shielding, indicated generally at 2. Passages,
which preferably are in the form of tubes 3, extend from
front to rear through the mass 1 of moderating material
and shielding 2 and are accessible at their front end for
permitting the insertion of bodies 4 of fissionable material.
For a more detailed consideration of reactors suitable for
reception of the device of the present invention, reference
is made to the copending applications of Fermi and Szi-
lard, Serial Number 596,465, filed May 29, 1945, now
Patent No. 2,708,656, and Fermi and Leverett, Serial
Number 578,278, filed February 16, 1945, now Patent
No. 2,837,447.

In the form of reactor illustrated, the tubes 3 are
preferably thin-walled aluminum of square cross section
disposed in the mass 1 with one diagonal thereof vertical.

The bodies 4 are of circular cross section and com-
prise fissionable material enclosed in thin-walled alumi-
num casings.

Air is forced continuously through the tubes 3 from the
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front -or charging face of the reactor and is discharged
therefrom at the rear or discharge face, a sufficient quan-
tity of air being provided to cool the bodies 4 to the de-
sired temperature.

For some purposes, it is desirable to determine the
temperature of the cooling air at different points through-
out the length of the tube 3, and some difficulty has been
experienced in providing a means for supporting a thermo-
couple in the tube in a manner such that it is not af-
fected by thermal conduction of heat thereinto by direct
metal-to-metal contact with parts of the reactor.

In order to provide a thermocouple device which may
be inserted into the tubes 3 along with the bodies 4 and
which is thermally insulated from the tubes so that the
temperature indicated by the thermocouple is that of the
cooling air only, the structure illustrated in Fig. 3 is pro-
vided.

Referring to Fig. 3, the device comprises a rod § com-
posed of a material having high thermal conductivity and
low neutron absorption cross section, such as aluminum.
Near the ends-of the rod 5 are disposed discs 6 of graph-
ite, the discs 6 being of the same or larger radius than
the bodies 4. Suitable washers 7 in screw-threaded en-
gagement with rod 5 are provided at opposite faces of
each disc 6 to hold the discs in a proper position rigid
with the rod 5. The rod § extends longitudinally -out-
wardly beyond each 'disc 6. Midway between the discs
6, an iron-constantin thermal junction is fastened to the
rod 5 by means of a screw 8, and ‘the wires 9 from the
thermal junction extend through a suitable passage 19
in one of the discs 6. :

As hereinbefore mentioned, the device illustrated in Fig.
3 is inserted into one ‘of the tubes 3 in the same man-
ner as one of the bodies 4 and is moved with the bodies
4 along tube 3 to the desired position, the wires 9 being
fed in along the bottom of the associated tube 3. If it
is desired to determine the temperature of the air only,
the device is pushed into the tube 3 until it contacts the
last previously inserted body, then is drawn back slightly
so as to eliminate any contact of the rod 5 and the end
of the adjacent body. Additional bodies 4 are then pushed
into the tube, preferably only far enough so that the sub-
sequent body next adjacent to the device is spaced from
the end of the rod 5. The spacing of the ends of the rod
5 from adjacent bodies is sufficient to prevent direct heat
radiations from the ends of the bodies to the rod 5. Thus
the rod is thermally insulated from the walls of the tube
3 by the spacing effected by the discs 6, and is thermally
insulated from adjacent bodies by the air space between
the ends of the bodies and the ends of the rod 5. The rod
5 serves as a beat reservoir which prevents errors in
measurement due to local eddies and surges in the region
of the junction of the wires 9.

If, on the other hand, it is desired to obtain the tem-

perature of a body itself, it is only necessary that the
device be pushed into the tube so as to cause one or both
ends of the rod 5 to engage the ends of the bodies ad-
jacent thereto. - When so disposed, the metal conduction
of heat from the bodies through the rod 5 is so pre-
dominant relative to the temperature provided by the air
that a substantially direct response to the temperature of
the bodies may be obtained.
] Referring next to Fig. 4, a modification of the device is
illustrated. In this modification provision is made to
prevent contact between any of the bodies and the ends
of the rod of the device so that without any adjust-
ment of the position of the device within the tube 3,
it is responsive only to the temperature of air passing
through the tube and is insulated from all other parts
of the reactor and from the bodies.

In this modification a rod 11, similar in all respects to
rod 5 and provided with thermocouple similar to that
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heretofore described, is provided. Each end of the rod
i1 is in threaded engagement with suitable - washers -

13 and 14 between which is interposed an insulating disc
15, preferably of graphite and similar in all respects to the
discs 6. In’ addition, however, and for the puipose of
preventing contact' with the ends of the rod 11, an in-
sulating disc 16 of graphite or other insulating material
is provided. The disc 16 is»held in pOsition,overlying
the end of the rod 11 and in juxtaposition with the
washer 13 by means of an aluminum cap 17, the open
end of which is peened over the inner edge of the disc
15. With this arrangement the device may be placed in
the tube in the same manner as-one..of -the bodies 4
and moved there along to the desired position .without
further .adjustment by forcing in other bodies.

Having thus described the invention, what is claimed
is: . : . S

1./ A thermocouple device for measuring the tempera-

ture’ of a flowing fluid in a square cross sectioned con-
duit comprising a metallic rod, a thermocouple junction
secured to the rod centrally thereof, and thermal-in-
sulating round support discs of diameter greater than
the rod secured to the end portlons of the rod, sa1d discs
adapted to fit transversely in said conduit.

2. The thermocouple device of claim 1 wherein one
of said support discs has an aperture therethrough- and
there are provided lead wires connected to said junction
and extending through said aperture. :

3. The ‘thermocouple -device of claim 1 wherein the
msulatmg support discs .are cup-shaped whereby the rod
is insulated from any bodies in end-to-end relationship
- therewith.

- 4. The thermocouple device of claLm 1 wherem the
rod has a thermal conductivity at least equal to that
of aluminum and a neutron absorption cross section at
most equal to. that of aluminum and the support discs
have a thermal conductivity at most equal to that of
graphite and a neutron absorption cross section at most
equal to that of graphite.
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5. A thermocouple device for measuring the tempera-
ture of a flowing fluid in a square cross sectioned con-
duit in a neutronic reactor comprising a rod having a
thermal conductivity at least equal to that of aluminum
and a neutron absorption cross section at most equal to
that of aluminum, a thermocouple junction secured to
the rod centrally thereof, round support discs on the ends
of the rod of greater diameter than the rod having a
thermal conductivity and a neutron absorption cross sec-
tion at most equal to those of graphite, said support
adapted to fit transversely in said conduit, one of said
support discs having an aperture thercthrough, and lead
wires connected to said junction and extending through
said aperture. .

6. The thermocouple device of claim -1 wherein the

‘insulating support discs are annular shaped and are

spaced from the ends of the metallic rod.
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