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Abstract-The performance of heat pipes with localized heat input including the effects of axial and 
circumferential heat conduction under high and low working temperatures is investigated. The numerical 
results show that when heat pipes are spot heated, the peak temperature of the wall is greatly reduced and 
the surface can be protected from being burned out by the high heat flux. The boiling limitation becomes 
the most important limitation for this type of heat pipe. Numerical results for block heating a heat pipe 
with low working temperatures indicate a good agreement with existing experimental data. It is also shown 

that most of the input heat passes through the wall beneath the heated block. 

INTRODUCTION 

SINCE the publication of the first paper on heat pipes, 
various kinds of heat pipes have been manufactured, 
tested and put into operation. In the meantime, thou- 
sands of theoretical and experimental analyses dealing 
with the characteristics of heat pipes have been pub- 
lished. Among the special types of heat pipes, localized 
heat input or ,spot heated heat pipes have not been 
_-*_-_:_._1_. _r..l:_J rpl_:_ :_ _..--_:_:__ _:-_._ -_-__ l-:-L extensivery stuu1e:u. 1 ms IS suryiising snux ruany nigri 
performance heat pipes are subjected to localized 
heating for a variety of applications. The study of spot 
heating heat pipes is important in research areas such 
as the cooling of leading edges on hypersonic aircraft, 
the protection of special surfaces from being attacked 
by very high heat flux sources such as a laser beam, 
cooling of microelectronic elements, etc. 

cation, spot heated heat pipes can be classified into 
two major types, namely, heat pipes with low or mod- 
erate working temperatures which are mainly used 
for the purpose of energy conservation or electronic 
cooling, and heat pipes with high working tem- 
peratures which are used to protect a surface from 
being burned out by a very high heat flux. Rosenfeld 
[l] studied the performance of line heated heat pipes 
with low working temperatures analytically with a 
one-dimensional model (circumferential direction) 
and numerically with a two-dimensional model (radial 
and circumferential directions). 

For the present analysis of spot heating or block 
heating, axial conduction needs to be considered, 
which has a much more pronounced effect than con- 
duction in the radial direction. Furthermore, the effect 
of radiation is included in the analysis of spot heated 

pipes with high working temperatures. In addition, 
the operating temperature of the heat pipe should be 
obtained by an overall energy balance rather than an 
input condition as carried out by Rosenfeld [l] for the 
line heated heat pipe. 

ANALYSIS 

&I’ heated .&at p@y with hioh wnrkinn t~mn~mtur~.r =.. .._.. _~._~ _-..7-.1--.-” 
Spot heated heat pipes are to be used as a means of 

protecting a surface from being burned out by a very 
high heat flux by using the working fluid within the 
porous media inside the pipe as an evaporator to 
absorb the heat energy. The vapor flows to the rest of 
the porous surface and releases latent heat energy as 
it condenses. The energy is dissipated into space or to 
the environment by radiation from the outer surface. 
Because of the high latent heat of the working fluid, 
a large amount of incoming heat can be absorbed by 
evaporation, and spread to the surrounding surface 
of the wall to be dissipated into space, without causing 
the temperature in the wall to become too high and 
burn out. The positions of the evaporator and con- 
denser are not fixed nor are their areas. These depend 
on where the pipe is hit by the incoming heat flux, and 
how large the surface area is that is being hit by the 
heat flux. Also, this kind of heat pipe has no adiabatic 
section. This is illustrated in Fig. 1 (a). The end caps 
have been removed to demonstrate the typical interior 
structure and the vapor flow pattern. The origin of 
the coordinate system is set at the center of the heated 
spot. Figure l(b) shows a typical wall temperature 
profile along the x-axis at y = 0 and the vapor tem- 
perature T,. If the temperature of the wall is higher 
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NOMENCLATURE 

A radiation area [m’] 

A! heated area [m’] 
a coefficient in the power-law equation for 

boiling 
b exponent in the power-law equation for 

boiling 
H heat transfer coefficient yW m- 2 K _ ‘1 
h height of the spot heated heat pipe [m] 
k thermal conductivity [W mm ’ K- ‘1 

Lc condenser length [m] 

LE evaporator length [m] 

L length of heated block [m] 
L,, L, length of spot heated heat pipe [m] 

eg: 

input heat [Wj 
radiation heat transfer to surroundings 

[WI 
4 heat flux [W mm ‘1 

qH input heat flux w m ‘1 
R radius of heat pipe [m] 

B 

circumferential distance coordinate [m] 
WH/27rR 

T wall temperature [K] 

2-H reference temperature [K] 

TO temperature of environment [K] 

TY vapor temperature [K] 
T* (T- TJ/Tii 
AT T-T, [“Cl 

AT, critical temperature difference [K] 

wH width of heated block [m] 
W,, Wz width of spot heated heat pipe [m] 
x X/i7R 

I , distance of the edge of the heated block 
from the origin [m] 

-y, y Cartesian coordinates [m] 
Y S/ZR. 

Greek symbols 
6 wall thickness [m] 
E emissivity 
0 Stefan-Boltzmann constant 

[Wm-2K-4]. 

Subscripts 
C condensation 
E evaporation. 

than T,, it serves as the evaporator; if the wall tem- 
perature is lower than T,, it serves as the condenser. 
This,pqrticular phenomenon is not observed for con- 
ventional heat pipes where it is operated at a nearly 
constant wall temperature. 

The present analysis is based on a number of physi- 
cal assumptions. The emphasis is put on the wall 
temperature in the analysis because of the need to 
prevent the melting of the heat pipe wall. The heat pipe 
is assumed to contain only one fluid and is operating 

under steady-state conditions. This means that the 
vapor region is nearly isothermal, and the total energy 
input and output are equal. The wick-liquid matrix is 
assumed to be very thin, and its existence is rep- 
resented by the evaporation heat transfer coefficient, 
HE, and the condensation heat transfer coefficient, 
Hc. This is a good approach for the purpose of design- 
ing a heat pipe because in most cases, evaporation 
and condensation heat transfer coefficients in porous 
media can only be obtained from experimental data 

Porous wick 

FIG. 1 (a). Typical configuration of a spot heated heat pipe. 

q---- 
- x (y=O) 

FIG. l(b). Typical wall temperature profile at .v = 0. 
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[2-4]. The common measurable parameters in exper- 
iments on heat pipes are T,, HE, H,, and the wall 
temperature. The results of the analysis based on the 
above concept can be readily used as a guide when 
designing heat pipes. Finally, it is assumed that the 
wall thickness is thin, and the radius of curvature of 
the surface is much larger than h, so that the wall 
temperature does not vary substantially with radial 
position in the wall. 

In the Cartesian coordinate system shown in Fig. 
l(a), the two-dimensional governing equations and 
boundary conditions for the wall can be written by an 
energy balance of the differential elements in each 
section of the heat pipe. For the evaporation section, 
except the surface beneath the heated spot, the govern- 
ing equation is 

(1) 

where T = TE at the junction of the evaporator and 
the condenser segments, E is the emissivity, 6 the thick- 
~PEE nf the wall T_ the t.-mneratnr..= nf the ~ntirnn- .I_“” .,- .Y1 .,..A.) z ” I..” .~A.y.w’......” “I CA.., v-1 .11”11 

ment, and qE the evaporation heat flux. It has been 
shown that the evaporation heat transfer coefficient 
varies with heat flux because the meniscus in a capil- 
lary evaporator recedes as the heat flux increases. An 
examination of the reported data shows that a power- 
law boiling relation is appropriate for relating the heat 
flux to the evaporating temperature drop in a heat 
nine Il. 21. i.e. r-r L- 1-11~ 

qE = a(T- Ts)b. (2) 

The most common values of the exponent vary 
from 1.0 to 2.0, with that of liquid metal heat pipes 
remaining 1 .O and the coefficient a = HE in many cases 
[2,3,51. 

For the wall beneath the heated spot, the cor- 
responding equation is 

;(kg)+$(k$)+y$=o (3) 

where qH is the incoming heat flux at the heated spot. 
For the condenser segment, the governing equation 

is 

$+$--~(T-T~)~=o (7) 

+Z-&(T,-T) = 0. (4) 

With T = Tc = TE at the junction of the evaporator 
and the condenser sections, and aT/an = 0 at the per- 
ipheral boundary of the heat pipe where n is the normal 
direction of the periphery. 

and the governing equation for the wall beneath the 
heated block is 

$+S-$(T-T,)~+$=~. (8) 

The vapor temperature, T,, is an unknown in equa- 
tion (4). The fact that the vapor temperature must be 

In equation (8), we have employed the power-law 

determined requires one more equation. This equation 
relation for the boiling heat flux. In this situation, 

is provided by an energy balance over the entire heat 
b > 1.0. The boundary conditions for this problem 
are 

pipe. In a steady-state operation, there are no energy 
and mass accumulations, and the vapor temperature 
will be adjusted according to the heat input and the 
ambient conditions. This means that the condensing 
heat transfer is equal to that of evaporation, and all 
the heat input is rejected to the ambient, i.e. 

II 
H,(T- T,) dA = 

ss 
&(T,-T)dA (5) 

A, AC 

QH = 
IS 

EU(T~ - T;) dA (6) 
A 

where QH is the heat input through the spot ; AE and 
AC are the evaporator surface area and the condenser 
surface area inside the heat pipe, respectively ; A is the 
outer radiation surface area. It should be noted that 
A is not necessarily equal to A,. When spot heating 
heat pipes, the evaporator and condenser are not pre- 
scribed. Usually, the heated area is small, and a large 
amount of heat needs to be spread to the surrounding 
surfaces to be dissipated. Therefore, AE is larger than 
the spot heating area AH and as a result, A > AC. 

Block heated heat pipes with low or moderate working 
temperatures 

Block heated heat pipes are normally used to trans- 
port energy from one place to another for the purpose 
of energy conservation or electronic component 
cooling. The evaporator and condenser segments are 
normally separated, which is similar to conventional 
heat nines encent fnr the &&cd &gt;ng. T!+&&- =_~__ _.___=- ___ 
ing temperature is comparatively low or moderate, 
which means that radiation heat transfer is not impor- 
tant in the analysis of these heat pipes. 

Consider the heat pipe shown in Fig. 2. It has an 
evaporator section of length LE, a wall thickness 6, an 
outside radius R and a block heated area of width W,., 
and length L,. 

The analysis here is based on similar assumptions 
used for spot heated pipes with high operating tem- 
peratures. With a thin wall and a large pipe diameter, 
the problem can be investigated in Cartesian coor- 
dinates. 

In the evaporator section, the governing equation 
for the pipe wall that is not underneath the heated 
block is 
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FIG. 2. A general configuration of a block heated heat pipe 

aT 
- = 0 
ax 

at x = 0 and L, (9) 

a”T 
- = 0 
as 

at s = 0 and nR. (10) 

Equation (9) defines an insulated boundary condition, 
and equation (10) is true due to symmetry. 

Equations (9) and (10) can be nondimensionalized 
with the following variables : 

T* = (T- T,)/T,, X = x/nR, Y = s/zR. 

The resulting non-dimensional equations are 

a=T* a=T* 
~ 7+C,T*h=0 
ax2 + aY Pa) 

a=T* a2T* 

ax2 + 8~2 
+ C, T*’ + C,q, = 0 (lOa) 

where 

C, = -a(zR)=T;- ‘/6k, C2 = (nR)=/T&k 

and T, is the reference temperature. 
The above model is justified due to the fact that 

since the main purpose is to transport energy from 
one place to another, the heat dissipation to the ambi- 
ent from the evaporator section is negligible. Also, 
because of the large evaporation heat transfer 
coefficient, very little heat is transported from the 
evaporator to the condenser through the pipe wall. 
This will be shown in the numerical results in the next 
section. 

NUMERICAL RESULTS AND DISCUSSION 

The governing equations for spot heated and 
block heated heat pipes are nonlinear and non- 
homogeneous and require an iterative procedure. The 
problems were solved by utilizing the finite-difference 
method based on the control-volume formulation [6]. 

A combination of the direct method (TDMA) and 
the Gauss-Seidel method was employed to solve the 
discretization equations. In some special cases, under- 
relaxation parameters were used to control the 
advancement of the solutions. The grid size employed 
in the program varies from 20 x 70 to 70 x 300 depend- 
ing on the computational domain. To determine a 
suitable grid size, the computed temperature profiles 
are compared for a number of different grid sizes for 
the same problem. The maximum errors among these 
grid sizes are less than 1.0%. Also, an energy balance 
over the entire computational domain was checked 
for every computed temperature field, the maximum 
error of which was at most 0.1%. 

Figure 3 shows the numerical results for spot heated 
heat pipes with high working temperatures. Like con- 
ventional heat pipes, the heat input has a strong influ- 
ence on the heat pipe performance. As the heat input 
increases, the peak wall temperature increases. For 
example, the peak temperature with Qn = 8000 W is 
more than twice as high as that with Qn = 2000 W. 

In conventional heat pipes, the area available for 
heat input is comparatively large, the input heat flux 
is comparatively low, and the working limitation is 
mainly determined by the total energy input. With 
spot heated heat pipes, the situation is different. Fig- 
ure 4 shows the temperature distribution of the wall 
with a very high incoming heat flux (as high as 10 kW 
cm- ‘). Comparing the curve of H = HE = H, = 

10000 W mm2 K-’ and Qn = 2750 W in Fig. 4 
with that of Qn = 4000 W in Fig. 3, it can be seen 
that even though the heat input Qu = 2750 W in 
Fig. 4 is less than that of Qn = 4000 W in Fig. 3, 
its peak temperature is still several hundred kelvin 
higher because of the smaller area that is heated. On 
the other hand, Fig. 4 shows that a higher heat transfer 
coefficient can reduce the peak temperature, as is 
expected. 

Also shown in Fig. 4 is the influence of A, on the 
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2500 

H =lOOOO (W m+K’ I 
H,=lOOOO ( W m-* K-’ I 

A$!.47 (cm*) 

500 - T,=300 (K) 

k=394 IW me’ K’l 

0 I I 1 
0.00 0.05 0.10 0.15 C 

AXIAL DISTANCE FROM CENTER OF HEATED SPOT (m) 

FIG. 3. The variation of the wall temperature with input heat. 
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peak wall temperature. The curve with a much lower 
peak wall temperature in Fig. 4 is subject to the same 
heat flux as that of the other three curves (qE = 10 kW 
cm- *), but a smaller heating area (Qi., is also smaller). 
The resultant peak wall temperature is almost one 
thousand kelvin lower than that with the larger heat- 
ing area. In this study, the heating area is square. 
Because of the small heating areas, its shape is less 
important. 

Unlike conventional heat pipes, the thermal con- 
ductivity of the wall influences the wall temperature 
distribution greatly for spot heated heat pipes, 
especially in the case of a very high incoming heat flux, 
as shown in Fig. 5. When the thermal conductivity of 
the wall is small, the peak temperature would jump 
intolerably high and the surface would be burned 
out. On the other hand, with a large wall thermal 
conductivity, the peak temperature decreases sharply. 
This is not surprising because a large amount of heat 
needs to be transferred to the surrounding wall 
through a very small area by conduction. 

In conventional heat pipes, better cooling con- 
ditions and a larger cooling surface can ameliorate the 
performance and result in a lower working tempera- 

ture. This is also true for spot heated heat pipes. The 
trend is well illustrated in Fig. 6, where a larger surface 
area (radiation heat transfer area) corresponds to a 
lower working temperature T,. Also, the peak wall 
temperature is decreased accordingly. But, if we pay 
attention to the area around the center of the heated 
spot, we may notice that the temperature difference 
between the peak temperature and the working tem- 
perature for different curves almost remains the same. 
This local phenomenon obviously results from the 
localized heat input characteristics of the heat pipe. 
The most important factor which determines the per- 
formance is the working condition at the heated 
spot. 

To estimate the validity of spot heating heat pipes 
to reduce the wall temperature, a comparison is made 
between the wall temperature of a plate that is not a 
heat pipe and that of a plate heat pipe. The curve with 
the solid circle legend in Fig. 7 is the wall temperature 
profile of a spot heated heat pipe under normal work- 
ing conditions, while the curve indicated with H = 0 
is the temperature profile of a plate that is not a heat 
pipe (Ha = Hc = fi = 0), with-other conditions being 
the same. It can be seen that the peak wall temperature 

Ii=7600 ( W me* K-l ) 
H=lOOOO (W m-*K-l) 

Q,= 2750 (W) 

2000 
H=lSOOO I W m-* K-‘I A+27415 (cm’) 

6=0.003 (m) 

H=lOOOO IW m-‘K-0 
L,=L,=O.23 (m) 

1500 W,=W,=O.O92 (m) 

T,=300 (K) 

1000 k=l62 IW m-‘K-‘1 

m 
zl 

r” 
--------_-_- .--- -_--____)( 

500 

I 
0.00 0.02 0.04 0.06 0.08 C 

CIRCUMFERENTIAL? DISTANCE FROM CENTER OF HEATED SPOT (m) 

FIG. 4. Variation of wall temperature with Hand A,. 

D 
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2500 

2000 

8 

i+ 
z 1500 

B 

p 1000 
ZI 

s 

500 

k=162 ( W m-l K-’ 1 

k=394 ( W m-l K-l 1 

Q,= 2750 (W) 

A,=0.27415 (cm*) 

6=0.003 (m) 

L,=L,=O.23 (m) 

W,=W,=O.O92 (m) 

To=300 (K) 
d 

H,=lOOOO (W m-‘K-‘I 

H,=lOOOO IW m-*K-‘1 

0 
0.00 0.02 0.04 o.bs 0.10 

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATED SPOT (m) 

FIG. 5. Variation of wall temperature with thermal conductivity k. 

3000 

2500 - A,=027415 (cd) 

8 

$ 2000- 
HE=7600 (W m-*K-l) W,=W,=O.O63 (m) 

kl 
p 1500- 

ii ‘\___J,=W,=O.O916 (m) 
5 __..-__.c--- ---_-____. 

1000 - 

500 I I I I I I I I 
-0.05-0.04-0.03-0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 

AXIAL DISTANCE FROM CENTER OF HEATED SPOT (m) 

FIG. 6. Variation of wall temperature with heat pipe surface area. 
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Q,=z000 Q 

6=0.005 (m) 
2500 - 

% 
k=60 (W m-’ K-l ) 
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1500 - W,=W,=O.O92 (m) 

500 I I 
-0.10 -0.05 0.00 0.05 0.10 

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATED SPOT (m) 

FIG. 7. Temperature profiles with different working conditions. 
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a,=950 CN) 

6=0.003i75 (m) 

L,=L,=O.l (m) 

w,=o.o2 (In) 

k=230 (W m-‘KS’ ) 
ad7330 

bs1.215 

-0.03 -0.02 -0.01 0.00 0.01 0.b2 0.63 
CIRCUMFERENTIAL DlSTANCE FROM CENTER OF HEATED BLDCK (m) 

FIG. 8. Comparison of the numerical results with experimental data. 

of the surface adopting heat pipe technology is 

reduced significantly. 
When a comparison is made with conventional heat 

pipes, it is clear that spot heated heat pipes have 
cm~~ll evslnnratnr wrfrwpc wrv hioh cwslnntntinn heat Y1..l.. _, ..Y.,....“- .....-“V”y, . --, _.. a.. ” ....rV-....V.. _“_. 
fluxes, larger condenser surfaces and vapor passages. 
Because of these factors, the boiling limit becomes the 
most important operating limit of these heat pipes. In 
Fig. 7, the curve indicated with AT, = 100 K assumes 
that the boiling limitation is reached for the local 
evaporating surface when T-T, > AT, = 100 K. 
When this occurs, the porous media at that point is 
ass~mm_ed to be Comnletelv drv. and no evanoration =-- --‘, -_,, -__- __- ~______.. 
takes place. For the curve with the solid circle legend, 
this restriction has not been imposed on AT, and the 
pipe works properly with the other conditions being 
the same. Once the boiling limitation is reached and 
the evaporating surface becomes dry, the wall tem- 
perature at the heated spot will jump thousands of 
kelvin higher than that of heat pipes under normal 
working conditions. From the viewpoint of heat pipe 
design, most difficulties arise from the avoidance of 
the incipience of boiling in the porous wick of the 
pipe. Special care must be taken to properly design 
the structure of the porous media, to choose suitable 
working fluids, and to insure the wettability of the 
wick and the wall to increase the boiling limitation. 

In addition, the emissivity of the surface and the 
thickness of the wall have strong effects on the tem- 
perature profile of the wall. Increasing the emissivity 
will reduce the working temperature,’ and therefore 
the peak wall temperature. The value of E in this 
numerical calculation was taken as 0.8. Also, a larger 
thickness of the wall will alleviate the temperature 
jumps at the center of the heated spot, but this is not 
practical in many applications. 

Figures 8-10 show the numerical results for heat 
pipes with localized heat input working under low or 
moderate temperatures. In this situation, the heated 
area is comparatively large, and the heat flux is! com- 
paratively low, so that the temperature jump is not so 

severe as that for spot heating heat pipes with high 
working temperatures. 

Figure 8 shows the comparison of the numerical 
results of the circumferential wall temperature profile 
with thr eynmim~ntnl data frnm the nmwr hv Rrr~~n- . .._.. .-_ -_.r--Y..“...- _-._ --“I-- -1.” r-y” ‘J *..,“I.- 

feld [ 11. The experiment was conducted with a narrow 
line heater at the evaporation section of the heat pipe. 
The evaporation heat flux relation is also taken from 
that experiment, with 

qE = a(T- Ts)b 

where a = 17330 and b = 1.215. 
The agreement between the numerica! resu!ts and -Q- -------- 

the experimental data is excellent. The line width 
surely influences the performance of the heat pipe. 
With the width of the heated line becoming larger, 
the temperature distribution along the circumferential 
direction becomes smoother, as shown in Fig. 9. 
Among the different heating widths, half heating 
(S, = W&R = 0.5) is of special interest in many 
applications. It can be seen that with a uniform input 
heat flux and a large evaporation heat transfer 
coefficient, the temperature profile of the wall beneath 
the heated block is nearly smooth, and the working 
conditions of this half of the evaporator are nearly 
the same as that of heat pipes with a uniform heat 
input. 

Figure 10 shows the performance of block heated 
heat pipes for different values of the wall thermal 
conductivity. Unlike the spot heated heat pipes shown 
in Fig. 5, the thermal conductivity of the wall has little 
effect on the temperature distribution. The reason is 
that, because of the large boiling heat transfer 
coefficient, most of the input heat was absorbed by 
the evaporating surface beneath the heated block, and 
only a small amount of heat is spread to the wall that 
is not heated. This is more pronounced as the wall 
thermal conductivity decreases. For the working con- 
ditions indicated in Fig. 10, with k = 394 W m-i K-l, 
86.2% of the heat passes through the wall under the 
heated block, while with k = 45 W m-r K- I, 96% of 
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a”= 5000 (W) 

6=0.003 (m) 

R=0.03 (m) 

L,=L,=O.374 (m) 

k=162 (W m-‘K+) 

a=17330 

b=1.215 

I 
0.00 0.02 0.04 0.06 0.08 

CIRCUMFERENTIAL DISTANCE FROM CENTER OF HEATfD LINE (m) ’ 

FIG. 9. Variation of the temperature difference T- T, with the dimensionless width S,. 

-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0 
AXIAL DISTANCE FROM CENTER OF HEATED BLOCK (m) 

FIG. 10. Variation of T- T, with thermal conductivity k. 

the heat passes through the wall under the heated 
block. 

CONCLUSIONS AND REMARKS 

(1) The use of a heat pipe is an excellent method to 
protect a surface from burning out when the surface 
is spot heated. The peak wall temperature is greatly 
reduced due to the operation of the heat pipe. The 
parameters which influence the performance are QH, 
k, HE, H,, AH, E and 6. For a fixed heat input QH, 
larger values of k, AH, HE, H,, or 6 can reduce the 
peak wall temperature, and larger values of E and 
the heat pipe surface area result in a lower working 
temperature. Because of the localized heating charac- 
teristics of heat pipes, a temperature jump is inevitable 
at the center of the heated spot, and results in a large 
AT and a high qE at the heated location. Special mea- 
sures must be taken to increase the boiling limitation 
of the heat pipe. Otherwise, the temperature at the 
heated location will jump intolerably high. More work 
needs to be done on the structure of the porous media, 
the wettability of the wick and wall, and the vapor 

flow pattern in the pipe for this special kind of heat 
pipe. 

(2) The numerical results for localized heat input 
heat pipes working under low or moderate tem- 
peratures agree well with the existing experimental 
data, and can be used to improve the predictions of 
heat pipe performance under localized heating. With 
a large evaporation heat transfer coefficient, most of 
the input heat passes through the wall under the 
heated block. 
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PERFORMANCE THERMIQUE DES CALODUCS AVEC SOURCE DE CHALEUR 
LOCALISEE 

R&m&--On Btudie la performance des caloducs avec source de chaleur localis%, conduction thermique 
axiale et circonferentielle, pour des temperatures de fonctionnement faibles ou &levees. Les resultats 
numeriques montrent que quand les caloducs sont chauffes ponctuellement, le pit de temperature de la 
paroi est fortement r&tit et la surface peut &tre protegee du brtilage par les flux de chaleur Blevbs. La 
limitation par bbullition devient la limitation la plus importante pour ce type de caloduc. Des resultats 
numtriques pour le chauffage par bloc d’un caloduc, avec des temperatures faibles de fonctionnement, 
indiquent un bon accord avec les don&es exp&imentales existantes. On constate aussi que la plus grande 

1 >~I part oe ia chaieur entrante passe a travers ia paroi sous ie bioc chauffe. 

DAS THERMISCHE VERHALTEN VON WARMEROHREN BEI C)RTLICHER 
WjiRMEZUFUHR 

Z~BBfpssong-Es wird das Verhalten von Warmerohren bei drtlicher Wiirmezufuhr fur hohe und 
niedrige Arbeitstemperaturen untersucht. Die numerisch ermittelten Ergebnisse zeigen bei einer punktuellen 
Ws,,,,fi,kr rlnl? ,%P Mn”;mnlt~m~~rot.~r ;n ,&r DAh..Trn..rl b: P~...:nlro:rrL*:m...” nu:ni-- ..-f &“^--r:^*^- 1, U....II”.....1, . . ..%Y . ..1 ..‘--u.L*..‘~““~%~~ 1.1 u11 I.“IlI*1_111l VCI “~lurnu,till”BuuB LI.uale, UUCL LauBeuL’“.‘e’ 
Wiirmeleitung stark abnimmt. Die Oberflache ist dadurch vor einem Durchbrennen bei hohen Wiinne- 
stromdichten geschiitzt. Die Siedegrenze ist bei dieser Art Wiirmerohr die wichtigste Leistungs- 
begrenzung. Die numerischen Ergebnisse fur fliichige Beheizung des Wiirmerohres bei niedriger Arbeits- 
temperatur stimmen gut mit experimentellen Daten iiberein. Dabei zeigt sich such, da8 unter diesen 

Fledingungen der gr68te Teil der zugeftihrten Wlrme im beheizten Rereich durch die Rohnvand dringt. 

TEMIIEPATYPHAJI XAPAKTEPHCTHKA TEl-IJIOBbIX TPYB C JIOKMW3OBAHHbIM 
l-lO)JBOflOM TEnJIA 

AmBraBBB-HccnenyTcB xapaxrepricrmoi TennoBbrx ~py6 c notcamu0naHHhIM no~o~o~ Terma, 
BtutroBaior&Be WKT~I ocesozi nepH@!pmmcxo~ TerLn0np0B0mB~CTH npa BHCOBOfi H BB3KOii pa6ouax 
TeMtlepaTylXU. HECJteBHbte pe3yJtbTaTbt nOLa%rBaW)T, BTO ttpH JrOKaJui30BaBHOM HarpeBe TeMOBBIx 
~py6 MaBcsiBfanbBan TehmepaTypa cremm 3Ha¶HTenBHO CHBJB~~TCII H noBepxHocTB MOX~T 6r.n~ 3amsr- 
meria OT nepezcera npri nbICortor+r TeB.30~0hr noTorte. Ch-pammemie xmtemra aBnaeTcIl Bae6onee 
~a~ribr~ B.BB &imioro TBna ~emr0~br~ ~py6. %iCBeHBbte pB3yBBTaTBr hula ~JIOKK, Harpesruoruero mmo- 
ByrO ~py6y npH lili3KIiX TehmepaTypax, lIOKK3bIBBH)T XOpOIUW COOTBeTCTBEe C BMeIoIIIEIMBcg 3KCnCpa- 
hieBTanbBbrhiB -HUH. IIOIWMHO Tanrre, 9~0 ocrromtaa yacrb noBnoBsrMor0 Tenna ~~OXO~T qepe3 

creatcy non ~arpe~Bt~ 6noBoM. 


