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[57] ABSTRACT 
A safety test facility for testing sodium-cooled nuclear 
reactor components includes a reactor vessel and a heat 
exchanger submerged in sodium in the tank. The reac-
tor vessel and heat exchanger are connected by an ex-
pansion/deflection pipe coupling comprising a pair of 
coaxially and slidably engaged tubular elements having 
radially enlarged opposed end portions of which at least 
a part is of spherical contour adapted to engage conical 
sockets in the ends of pipes leading out of the reactor 
vessel and in to the heat exchanger. A spring surround-
ing the pipe coupling urges the end portions apart and 
into engagement with the spherical sockets. Since the 
pipe coupling is submerged in liquid a limited amount of 
leakage of sodium from the pipe can be tolerated. 

2 Claims, 2 Drawing Figures 
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PIPE CONNECTOR 

CONTRACTUAL ORIGIN O F T H E INVENTION 
The invention described herein was made in the S 

course of, or under, a contract with the U N I T E D 
STATES ENERGY RESEARCH A N D DEVELOP-
M E N T ADMINISTRATION. 

BACKGROUND OF T H E INVENTION 10 
This invention relates to an all-metal pipe coupling 

that is short, flexible, and capable of expanding and 
contracting. In more detail the invention relates to such 
a pipe coupling for use in connecting pipes carrying a 
liquid metal wherein the pipes are submerged in the 15 
same liquid metal. The invention also relates to a fast 
reactor safety test reactor incorporating such a cou-
pling. 

A need exists for a pipe coupling that is short, flexible, 
capable of expanding and contracting and that will 20 
withstand the environment of a liquid-metal-cooled 
nuclear reactor. The last requirement precludes the use 
of plastic or rubber materials and essentially makes it 
necessary to form the connector solely of a metal such 
as stainless steel for metal-to-metal contact with the 25 
stainless steel pipes being connected. 

A tank-type liquid-metal-cooled nuclear reactor in-
cludes a reactor, one or more pumps and one or more 
heat exchangers all submerged in sodium filling a large 
tank. A pipe connects the reactor vessel with a heat 30 
exchanger. If sufficient space is available, this pipe can 
contain a loop to allow for deflection and expansion or 
contraction of the components. Such allowance must be 
made for thermal effects as well as possible seismic 
shock. A problem arises if the design of the system does 35 
not provide sufficient room to incorporate a loop in this 
connecting pipe. 

SUMMARY OF T H E INVENTION 
According to the present invention a pipe coupling 40 

incorporating only metal-to-metal contact that is later-
ally deflectable and transversely expandable and con-
tractable includes a pair of coaxially and slidably en-
gaged tubular elements having radially enlarged op-
posed ball portions of spherical contour, the ball por- 45 
tions being adapted to engage conical sockets in the 
ends of the pipes being connected. A spring surrounds 
the tubular elements and urges the end portions thereof 
apart and into engagement with the conical sockets. 
Preferably the conical sockets are formed by frustoconi- 50 
cal surfaces on the interior of the pipe which flare out-
wardly at an angle of 45* to the axis of the pipe. Also 
preferably the internal diameter of the coupling is the 
same as that of the pipes being connected with the out-
let end of the pipe and of the coupling being larger than 55 
the inlet end of the pipe and the coupling. 

BRIEF DESCRIPTION O F T H E FIGURES 
FIG. 1 is a sketch of a tank-type liquid-metal-cooled 

reactor incorporating the pipe coupling of the present 60 
invention; and 

FIG. 2 is a cross section of the pipe coupling. 

D E T A I L E D DESCRIPTION OF T H E 
INVENTION 

As shown a fast reactor safety test facility includes a 
tank 10 containing a body of sodium 11. Submerged in 
the sodium is a reactor vessel 12 containing a nuclear 
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reactor core 13, one or more pumps 14 designed to 
direct sodium in the tank through the reactor, one or 
more heat exchangers 15 through which heated sodium 
from the reactor flows prior to its return to the bulk 
sodium in the tank and a pipe 16 connecting the reactor 
vessel 12 with heat exchangers 15. The amount of space 
between reactor vessel 12 and heat exchanger 15 is 
limited wherefore a pipe coupling 17 is employed in 
pipe 16 to accept relative motion of one of the compo-
nents with respect to the other without damage to the 
line. 

Referring now to FIG. 2 pipe coupling 17 includes a 
pair of coaxially and slidably engaged tubular elements 
18 and 19 having radially enlarged ball portions 20 and 
21 of spherical contour at opposite ends thereof. Ball 
portions 20 and 21 are adapted to engage conical sock-
ets 22 and 23 in the outlet end 24 and the inlet end 25 of 
the pipe 16 connecting reactor vessel 12 and a heat 
exchanger 15. A spring 26 surrounds the narrower part 
of the coupling 17 and acts on ball portions 20 and 21 
thereof to urge them into engagement with conical 
sockets 22 and 23 in the inlet ends of pipe 16. 

Conical sockets 22 and 23 are formed by frustoconi-
cal surfaces 27 and 28 on the interior of ends of the pipe 
which flare outwardly at an angle of 45° with respect to 
the axis of pipe 16 to ensure that contact between the 
ball portions 20 and 21 and conical sockets 22 and 23 
will be a tangential contact near the center of the frusto-
conical surfaces 27 and 28. 

The internal diameter of pipe 16 and of pipe coupling 
17 is the same. To avoid an obstruction to the flow of 
sodium through the coupling when one part of pipe 16 
is deflected with respect to the other one — the condi-
tion shown in the drawing — the inlet throat 29 of the 
pipe coupling 17 is enlarged with respect to the outlet 
throat 30 of pipe 16 and the inlet throat 31 of pipe 16 is 
enlarged with respect to the outlet throat 32 of pipe 
coupling 17. This is accomplished by providing out-
wardly flared frusto-conical surfaces 33 and 34 to form 
throats 29 and 31, surface 34 flaring at an angle less than 
45°. 

It will be at once apparent that the above-described 
pipe coupling accepts deflection motions — since the 
connections between coupling and pipe constitute ball-
and-socket joints — and also will expand and contract 
as required. While the metal-to-metal contacts em-
ployed in the coupling are not perfectly leak tight, this 
can be tolerated since the connecting pipe between the 
reactor vessel and the heat exchanger carries heated 
sodium while being submerged in sodium. Thus, any 
leakage would merely result in a slight loss in efficiency. 

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as 
follows: 

1. An expansion/deflection coupling for use with 
pipes carrying a liquid metal where a limited amount of 
leakage can be tolerated comprising a pair of coaxially 
and slidably engaged tubular elements having substan-
tially the same diameter throughout the length thereof, 
said tubular elements having radially enlarged opposed 
ball portions of spherical contour, said ball portions 
being adapted to engage conical sockets in the ends of 
the pipes being connected, the inner diameter of the 
pipes being connected being substantially equal to the 
internal diameter of the coupling, said conical sockets 
being formed by frustoconical interior surfaces at the 
end of the pipes which flare outward at an angle of 45° 
to the axis of the pipe, a flared inlet throat in the cou-
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pling being larger than an outlet throat in the pipe, a 
flared inlet throat in the pipe being larger than an outlet 
throat in the coupler, and spring means for urging said 
spherical portions apart and into engagement with said 
conical sockets. 5 

2. In a liquid-metal-cooled safety test facility includ-
ing a tank containing said liquid metal, a reactor vessel 
containing a nuclear reactor core, at least one pump and 
at least one exchanger submerged in said liquid metal 
and being connected by lines carrying said liquid-metal 10 
coolant, the improvement comprising an expansion/de-
flection coupling in a line having conical sockets in the 
ends thereof between components of the facility com-
prising a pair of coaxially and slidably engaged tubular 
elements having substantially the same diameter 15 

throughout the length thereof and radially enlarged ball 
portions of spherical contour, said ball portions being 
adapted to engage said conical sockets in the ends of the 
lines being connected, the inner diameter of the lines 
being connected is substantially equal to the internal 
diameter of the coupling, said conical sockets being 
formed by frustoconical interior surfaces at the end of 
the lines which flare outward at an angle of 45° to the 
axis of the lines, a flared inlet throat in the coupling 
being larger than an outlet throat in the line, and a flared 
inlet throat in the line being larger than an outlet throat 
in the coupler, and spring means for urging said spheri-
cal portions apart and into engagement with said coni-
cal sockets. 
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