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ABSTRACT

A copper/water heat pipe, of which the wick was made of three
layers of 150-mesh brass was studied experimentally under unsteady
state startup conditions.. The tilt angle ¢ at which the heat pipe
was placed against the horizontal line was used as parameter while
the applied heat input was varied to find also the limiting heat
flux. The experiments were carried out in the top-heating mode (the
evaporation section was higher than the condensation section)

The axial temperature profiles of the heat pipe at various
tilt angles were measured and shown graphically. So were the tem-
. perature responses versus time during the start-up period until
steady state was obtained. For the case in which the tilt angle was
10 degrees (antigravity), the analysis shown that the limited
mechanism was capillary limitation, and the experimental and the
theoretical values of the limiting heat flux were found to agree well
(17.4 W versus 17.04 W). An effective thermal conductivity X g O
the heat pipe was determined from the experimental results and it was
found to depend strongly on the tilt angle and the applied heat
input. The smaller the tilt angle and the larger the applied heat

input, the higher the resulting effective conductivity. A mathema-
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tical dynamic lumped model of the heat pipe was also derived, and the
simulation results were compared with the experimental data to see
how good the model was. It was found thatthe dynamic model gave
start-up results that agree only qualitatively with the experimental
results because there was still uncertainly in the determination of
some model parameters, especially the effective view factor for heat
radiation from the heating wire and the effective thermal conductance

of the heat pipe wall plus liquid-filled wick.
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NOMENCLATURES

Area (mz)

External surface area of condenser (m )h
External surface area of evaporator (m2)

Area of fins (mz)

Cross sectional area based on pipe outside diameter (mz)
Vapor core cross sectional area (m2}

Wick cross sectional area (mz}

Specific heat at constant pressure (J/kg- K)

Screen wire diameter (m)

Pipe inside diameter (m)

Pipe outside diameter (m)

Vapor core diameter (m)

Dynamic pressure coefficient

Drag coefficient of liquid flow

Drag coefficient of vapor flow

Frictional coefficient of liquid flow (N/mz)/{W—m}
Frictional coefficient of vapor flow (N/mz}/(w—m)

Shear force at liquid-vapor interface (N/m)

Surface tension force at liquid-wick interface (N/m)
Gravitational acceleration (m/secz)

interface heat transfer coefficient between heat pipe and
external heat sink or source

he at condenser (W/mz- K)

hf at evaporator (w/mz— K)

Mechanical equivalent of heat ( = 1 N-m/J)

Thermal conductivity (W/m- K)



Effective thermal conductivity of liquid-saturated wick
k, at condenser (W/m- K)

k, at evaporator (W/m- K)

Thermal conductivity of fluid flow outside heat pipe
kf at condenser (W/m- K)

Thermal conductivity of liquid (W/m- K)

Thermal conductivity of wick (W/m- K)

Thernal conductivity of pipe material (W/m- K)
Permeaability of wick (mz)

Constants

Effective length of heat pipe (m)

Length of heat pipe (m)

Length of heat pipe adiabatic section (m)

Length of heat pipe condenser (m)

Length of heat pipe evaporator (m)

Total length of heat pipe (m)

Molecular weight
number of grooves
screen mesh number (m T)

Nusselt number of fluid flowing outside tubes

Nuf at condenser section of heat pipe tube
Pressure {N/mz)

Capillary pressure (N/mz}

Maximum capillary pressure (N/m2)

Hydrostatic pressure due to gravitational force (N/mz)
Liquid pressure (N/mz)

Maximum pressure differential (N/m2)



c,max
Ap

g
Ap

Ap

C!o,max

C,max
e, max
:Qb)c,ma
xref

max

Minimum pressure differential (N/m2)

Maximum available pump pressure (N/m?)

Vapor pressure {N/mz)

Vapor pressure at condenser (N/mz)

Maximum capillary pressure (N/mz)

Pressure drop due to gravitational force (N/m?)
Liquid pressure drop (N/mz)

Vapor pressure drop (N/mz}

Power supply (W)

Boiling limit on heat transfer rate (W)
Capillary limit on heat transfer rate (W)
Entrainment limit on heat transfer rate (W)
Capillary heat transport (W-m)

Reference axial position from which x is measured
Axial position where capillary is maximum
Vapor specific heat ratio

Wick porosity

Latent heat (J/kg)

Liquid density (kg/mB)

Vapor density (kg/ma)

Heat pipe inclination measured from horizontal position
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