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Transient Heat Transfer for the Evaporators of Capillary Pumped
Loop at Intial Startup

Byung Kyu Park’, Geun Oh Kim', and Moo Geun Kim

Key Words: Capillary Pumped Loop(EA8*3 ), Evaporator(3'%7]), Subcooling(#}d), Vapo

Groove(% 7] Z1F 1), Transient Heat Transfer(}= EA <)
Abstract

It is derived for the temperature profile in a cylindrical and planar shape capillary pumped loop
evaporators subject to a uniform heat flux prior to the initiation of boiling using the finite difference
method. The results of the analysis allow for the determination of applied power levels for which
nucleation ‘is likely to occur only within the vapor grooves of the evaporator while maintaining
subcooling in the liquid core, thereby increasing the likelihood of a successful startup. Also, limits are
found for which additional increases in the applied heat flux do not increase the temperature difference
between the vapor grooves and the wick-liquid core interface. Several advantages of larger diameter
evaporators observed experimentally in startup are explained and quantified by the model. This analysis
is appropriate for standard capillary pumped loop evaporators during a fully-flooded startup as well as
starter pump designs and loop heat pipes.
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Table 1 Evaporator dimensions and thermal

properties used in model

Aluminum - . Stainless
wick Nickel “;le Steel wick
evaporator | =" oPOTRtor | eyaporator
ngrli{ilgg Liguid ammonia
al{mm) 2.64 (5.72)
ki (W/m - C) 0.50
o 1tkg/m* 587
Cnl(k.l/kg : DC) 49
21 X10%m’/s) 0.175
. Aluminum - : Stainless
Wick alloy Nickel w1ckT Steel wick
b{(mm) 552 (11.25) {552 (11.25) 1552 (11.25)
kw(W/m * cC) 177 90 15
¢ (Porosity) 0.7 0.7 0.7
o wikg/m’) 2770 8900 7900
coulk]/kg - C) 0.875 0.444 0477
2, X10°(mYs) 73. 22.7 3.98
Container Aluminum 6063, T6
c(mm) 8.04 (14.86)
ky(W/m + C) 201
o x(kg/m”*) 2702
coatk)/kg - C) 0.903
23X 10°(m’/s) 83
Aoe HE BAAS AEES 2AEE e
Wik
k
Ay = 2 (7)
P9l
1__
A7NM, ky=kp k]
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Fig. 3 Temperature difference between the vapor
groove location(»=b) and liquid core for

the 16 mm evaporator.
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Fig. 5 Normalized temperature profile of 16 mm
cylindrical evaporator for several times
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