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a vapor-trap diode is constructed with an ncg reservoir at the condenser
end, similar to a vchp. the heat pipe is charged with working fluid and a

specified amount of an ncg. during normal operation, the flow of the working
fluid vapor from the evaporator to the condenser sweeps the ncg into the
reservoir. when the condenser becomes hotter than the evaporator, the
vapor flows from the original condenser back to the original evaporator,

sweeping the ncg. soon, the ncg completely blocks the evaporator, greatly
increasing the thermal resistance of the heat pipe. when heat is again

applied to the evaporator, the system recovers because of the vapor flow
that sweeps the ncg back to the reservoir allowing the heat to be transferred

to the condenser. a heat pipe is a device with very high thermal
conductance that can transport large quantities of heat with a small

temperature difference between its hot and cold ends. heat pipes function
by vaporizing and condensing the working fluid at saturated conditions. the
working fluid inside the heat pipe is vaporized in the evaporator section and

then condensed back to liquid in the condenser section. the condensate
returns to the evaporator section through a wick by capillary action. the

vapor flow occurs due to the difference in pressure between the evaporator
and condenser sections. heat is transferred by the vapor that contains the
latent heat of vaporization of the working fluid. this process creates a very

efficient transport of heat with minimal thermal resistance. when a fluid
flows down a gradient, gravity causes the liquid to move in a direction

opposite to the fluid velocity. the force of gravity on a liquid is proportional
to its mass. for a fluid mass mfluid of density rhofluid and a height h of the

gradient, the force is f = rhofluid gh, where g is the acceleration due to
gravity. when the fluid moves down a slope, the force acting on the fluid is

opposed by the fluid velocity, and the fluid will move back up the slope if the
slope is steeper than 30°. the fluid will move down a steeper slope than 30°

if the fluid is denser than the surrounding medium, and will move up a
steeper slope if the fluid is less dense than the surrounding medium. the

fluid will move down a slope if the fluid is less dense than the surrounding
medium, and will move up a steeper slope if the fluid is denser than the

surrounding medium. the fluid will move up a steep slope if the fluid is less
dense than the surrounding medium, and will move down a steeper slope if
the fluid is denser than the surrounding medium. the force exerted by the

fluid on the surrounding medium is less than the weight of the fluid, and the
fluid remains in place. when a fluid flows down a gradient, the fluid

experiences a force that tends to move the fluid back up the gradient. the
force experienced by the fluid, which is the product of the density and

velocity of the fluid, is known as the weight of the fluid. when the gradient is
steeper than the critical angle, the fluid will move up the gradient. when the

gradient is steeper than the critical angle, the fluid will move down the
gradient. when the fluid is less dense than the surrounding medium, the fluid

will move up the gradient. when the fluid is denser than the surrounding
medium, the fluid will move down the gradient. in the case of the liquid fuel
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in a space reactor, the surrounding medium is the liquid coolant, and the
critical angle is the angle of repose for a liquid fuel. the critical angle is the
angle of the slope at which a liquid is no longer stable and will move down

the slope. the critical angle for a liquid fuel is greater than 20° for almost all
liquid fuels used in nuclear reactors. most liquid fuels will not remain in place

if they are placed on a gradient that is steeper than the critical angle. 2
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thermosyphon is a

gravity-assisted wickless
heat pipe for which the
condenser is located
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above the evaporator, as
shown in fig. 7. flow in

thermosiphons is driven
by the pressure

difference at the two
ends. liquid is returned
to the evaporator by

gravitational rather than
capillary forces as in a

wick. thermosyphons are
sensitive to the volume
of working fluid within

the pipe or container.the
rmosyphons are almost

always preferred in
terrestrial applications
when the evaporators
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can be located at a lower
elevation than the
condensers. they

typically perform better
than heat pipes.the

steady state fluid flow
and heat transfer in a

thermosyphon, and the
effect of the heat input
on it, are more complex

than in a simple heat
pipe. 41 these complex
issues can be addressed

in a detailed analysis
that considers the form
of the boundary-layer in
the evaporator section,
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the effect of the pressure
drop, the heat

conduction in the heat
transfer fluid and the

heat conduction in the
condensate, the gas

concentration and the
effects of gravity. 41 for

the steady state
analysis, the boundary-

layer model, which
assumes a stagnant

laminar boundary-layer,
can be used to predict

the heat flux through the
condenser, and can be
used to calculate the
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total heat transfer. a
simple one-dimensional
linear model is used to
analyze the transient

heat transfer. the heat
transfer fluid has a

thermal conductivity of
1.8 w m-1 k-1 in the low-
temperature region, and
1.0 w m-1 k-1 in the high-
temperature region. the
heat transfer fluid has a

thermal expansion
coefficient of 1.5 × 10-5

k-1 in the low-
temperature region and

2.5 × 10-5 k-1 in the
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high-temperature region.
the wick has a mass

density of 1.0 kg m-3, a
thermal conductivity of
2.0 w m-1 k-1 and an

expansion coefficient of
10-5 k-1. 41 a thin wick
can be used, and the

thermal conductivity of
the wick can be

calculated by multiplying
the thermal conductivity
by the thickness of the

wick. the mass flow rate
of the working fluid is

assumed to be constant,
and the vapor pressure
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is assumed to be
constant. the inlet

temperature is constant
at 30°c, and the inlet

pressure is assumed to
be constant at 100 kpa.

the outlet temperature is
also assumed to be

constant at 20°c. the
outlet pressure is

assumed to be constant
at 0 kpa.the

performance of a vapor
chamber depends on the
wick type and thickness

and the amount of
working fluid. 60
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traditional vapor
chambers rely on

capillarity to transport
condensed liquid back to
the evaporator. however,

the small pore sizes
necessary to achieve
high liquid speeds at

high heat flux result in
large viscous forces and
pressure drops, which
degrade performance.

the capillary limit occurs
when viscous losses

overcome the capillary
pressure: at that point,

the device can
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experience thermal
runaway. the dryout limit

can occur due to
inadequate liquid fill. the

vapor limit is a
combination of sonic and

entrainment
limits.review of passive
heat removal strategies
for nuclear microreactor

systemsall authors
donna post guillen

published online:07 july
2022fig. 10. cross-

section of a standard
vapor chamber.
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