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Abstract-The characteristics of counter-flow heat exchanger units, using heat pipes or two-phase closed 
thermosyphons as the heat-transfer element, are studied experimentally and a simple analytical model was 
developed to predict the performance of such units using thermosyphons. 

The maximum heat-transfer rate has a unique functional relationship between the ratio of two stream mass 
flow rates, and the ratio of heated to cooled lengths of the heat-transfer elements, regardless ofelement bundle 

geometries. 

NOMENCLATURE 

heat-transfer area ; 
constant, equation (10); 

constant, equation (12); 
constant, equation (10) ; 
specific heat at constant pressure; 
diameter of heat-transfer elements; 
conversion factor for units of force ; 
heat-transfer coefficient ; 
latent heat of vaporization ; 
thermal conductivity; 
length of the element ; 
length ratio, L,/L,; 

mass flow ; 
total heat-transfer rate of an exchanger ; 
heat-transfer rate of an element ; 
thermal resistance ; 
radius ; 
longitudinal-element pitch in a bank, 

Fig. 2 ; 
transverse-element pitch in a bank, 

Fig. 2 ; 
temperature ; 
overall heat-transfer coefficient of an 

exchanger ; 
fluid velocity through the minimum free 

area ; 
dimensionless film thickness (rd/ri); 

Nusselt number, hd/k or Ud/k ; 

Prandtl number, pc,/k ; 
Reynolds number, ud/v ; 
Reynolds number ratio, Re,/Re,; 

dimensionless condensation parameter ; 
specific weight ; 
angle of orientation ; 
dynamic viscosity ; 
kinematic viscosity ; 
surface tension. 

Superscripts 

m, n, exponents, equation (10). 

c, 
93 

h, 
1, 

m, 
0, 

P> 

s, 

T 

w, 
ci, 

hi, 

vap, 

6, 

condenser side 
geometric; 

; cold 

Subscripts 

evaporator side; hot ; 
inner side of the element; 
logarithmic mean; 
outerside of the element ; 
individual element ; 
saturation ; 
total; 
wall ; 
inlet cold-side fluid stream ; 
inlet hot-side fluid stream; 
vapor ; 
at the film boundary. 

INTRODUCTION 

INCREASING fuel cost and energy conservation are two 
of the most important considerations to be taken in 

new heat exchanger design, and modern compact heat 
exchangers with as much as 4900 m2 of surface per m3 
of exchanger, very often accommodate these impor- 
tant requirements. For low temperature differences, 
such as in the case of recovering heat from exhaust gas 

streams, however, these units become impractical. In 
some other cases, design conditions may dictate that 
two fluids must be physically separated to avoid any 
cross contamination between two fluids in a heat 
exchanger. Heat exchangers, having two-phase closed 
thermosyphons or heat pipes as heat-transfer elements 
within, may actually be good examples to accom- 
modate these particular design constraints. 

Although the heat pipes and two-phase closed 
thermosyphons are similar, there is an important 
difference in the mechanism of condensate return in 
these elements. A heat pipe relies on the capillary 
action of the internal wick and the working fluid, 
whereas a thermosyphon employs an external force 
field, such as gravity, centrifugal force, etc. for the 
condensate return to the evaporator. 
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The hydrod~nan~i~ and thermal aspects of ill- 
dividual elements have been extensively studied fol- 

heat pipes and to a lesser degree for two-phase closed 
thertnosyphons, but it appear\ that the btudj to 

predict the overall performance of heat exchangers, 
having a bank ofsuch heat-transfer elements within. is 
confined to very few [l. 21. These studies are pre- 
liminarl- in nature and are all concerned with those 
having heat pipes only. Some performance data and 
possible application of such heat exchangers are 
included in a monograph recently published [-1J, An 
extensive review on the thermosyphon technology is 

also made available by Japiksc [G]. 
In the present paper, a study has been made on the 

characteristics of such heat exchangers experimentally 
and a simple analytical model was developed to 

predict the optimum design condition for units using 
two-phase C~OSC~ t~erI~l~~j~pll~~Ils. Altll~~u~l~ the stud:, 

is applicable to both parallel and counter tlo\\ hc:t~ 

exchangers, only the latter is in\ estipated in the present 

paper. 

Three approaches are available to predict heat- 
transfer performance of heat exchangers using two- 

phase closed thermosy~hons or heat pipes. The first 
method, based on a conductance model, is to estimate 
heat-transfer coefficients involved in each process. and 

is adopted in the present study. 
The second method is suitable mainly for the 

prediction of the maximum heat-transfer rate of a 
given thermosyphon element. This is done by estimat- 
ing the rate of mass transport based on a force balance 
within the element [5] but it is not really adoptable for 
the analysis of the overall heat-transfer performance of 
heat exchangers under a given operating condition. 

The third is the method developed by Kays and 
London 161, using the effectiveness-ll~irnber of trnns- 
fer units, applied especially in liquid-coupled indirect 

type heat exchangers. Here, the thermosyphons or 

I t 
// //// /// /, //Adiabatic 

1 

FIG. I. An ideal model. 

where 

I 
R, = 

i, I .4 /?,, 
I ,; i 

R;I- ’ ii- A,,. 
(8) 

and the total heat-transfer rzt’ of the entire hear 

exchanger is defined by : 

The outer h, and II, in K, and KY. respectively. arc 
not strongly affected by thu temperature and arc 
estimated from the standard correlation for the fluid 
flow normal to the bank or rod bundles given b>. 

Nu = n c ‘, Kr”’ Pr” / !O) 

where B and I)? are functions of Inngitudin:tl and 

transverse pitch ratios; CA 3 correction factors for the 

geometry and the number of rows in the bank of heat- 
transfer elements; and II is about 1 3 [7]. 

The thermal resistances K2 znd R, can be ra!hcr 
accurately calculated with standard c~~ildu~ti~~n heat 
transfer. 

The resistance R, only appears when the Row insldc 
the thermosyphon reaches its choking condition, and 
then it becomes the controlling factor. 

The values of the internal evaporator and condenser 
heat-transfer coefficients. /I, and hi, respecti\elj. arc 
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the most difficult to estimate. For h,, the analytical 
expression given in [5], cannot be used as it is only for 
the maximum heat-transfer rate from a given thermo- 
syphon. Therefore, for the condenser section in the 
present study, the Martinelli’s expression given below 
was used [8] : 

hjdi 1 
-- =7)[+-Y2+~Y4-Y4hY] 

k 
where 

Y = P,,/ri 

01) 

+L = 2kv(T,- TJ 
8 iiiixm. 

For h3, the evaporating section of the thermosyphon, 
the Rohsenow’s correlation for natural convection 
boiling [9] given by: 

Cp(T, - Ts) _.-__- = 
hf, 

was used. Here, all properties are evaluated at the 
saturation temperature, T, and the constant C,, from 

PO]. 
Equations (11) and (12) indicate that not only a 

knowledge of the temperature drop is necessary, but 
also a fairly accurate value of the saturation tempe- 
ration, T,, must be known. 

Therefore, to satisfy all these concomitant require- 
ments, iterative methods had to be used to predict the 
overall performance of the heat exchanger. 

EXPEHIMENlS 

A schematic diagram of the ex~~menta~ setup is 
shown in Fig. 2. The test section consists of two 
rectangular air ducts, traversed at the middie portion 
by a bank of heat-transfer elements (i.e. thermo- 
syphons or heat pipes). Figure 2 also shows the 
locations of thermocoupIes, &th respect to the seg- 
mented baffles which mix the air stream to achieve a 
uniform temperature distribution. The system can be 
used for both counterflow and parallel-flow arrange- 
ments, and the possible leakage between the two 
streams is prevented by an air-tight partition. 

The flow rates are measured by two calibrated 
orifice plates located downstream from the test section 
on 102-mmdia circular portions of the air ducts. 
Provisions are also made to measure the pressure 
drops across the test section. 

Air temperature measurements are made by calib- 
rated, radiation shielded beads of copper-constantan 
junction. At every temperature measuring station, 
each duct cross-section is traversed along two per- 
pendicular directions, and the average of at least five 
thermocouples are provided at each measuring station 
to obtain a meaningful bulk temperature at that 
particular cross-section. 

6 -mixing baffles 

FC-flow control 

H -heaters 

0 -orifices 

T -temperature probes 

SL 

+l=l-T 
Flow - I =T 

FIG. 2. Schematic diagram of the test apparatus and element 
bundle arrangement. 

An additional speciai feature of the test section is 
that the entire section can be pivoted about a fixed 
reference ixis, to change the orientation of the heat- 
transfer element bank in respect to the gravitational 
field. The angle B = 90” indicates that the elements are 
parallel to the direction of the gravitation, and that the 
evaporator section is below the condenser section. 

Table 1. Characteristics of heat-transfer elements 

Outside Wall 
Length diameter thickness 

Element (mm) (mm) (mm) Symbols 

Thermo- 
syphons 305 12.7 0.84 TS 

Heat 
pipes 305 12.7 0.82 HP? 

*Model No. CWS 5012, see footnote. 

Although the analysis is confined to a heat ex- 
changer using thermosyphons, a set of purchased heat 
pipes* were used for comparison. The two-phase 
closed thermos~phons used in the study were de- 
veloped and manufactured by the authors’ institute. 
The main characteristics of these two heat-transfer 
elements are summarised in Table I. 

All heat pipes and thermosyphons are made of hard- 
drawn copper tubing and the working fluid for both is 
distilled water. The amount of working fluid in the 
thermosyphons is about 15% of the total inner volume 
of the elements according to the findings of [5], which 
made an experimental study on the effect of the 
quantity of working fluid filling on the heat-transfer 
performance of the element. 

*Isothermics Inc., P.O. Box 86, Augusto, NJ 07822, U.S.A. 
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To test the effect of element bank geometry on the 
overall performance, the following different element 
spacings are used : 

In-line elements: 

5x4rows 

total No. of elements.. .20 
total heat-transfer area, L+ = I 0.122 m2 

Staggered elements: 

4- 554 5 (4 rows) 
total No. of elements 18 
total heat-transfer area, L’ = I O.lOY rn’ 

S, = 38.1 mm : S,- = 16. 25.4 and 3X.1 mm. 

The ratio, I!_+. of heated-length, (LJ, to cooled- 
length (L,), is one of important parameters and 
provisions are made in the design of the test apparatus 
to accomodate this particular requirement. 

RESULTS AND DISCLSSIOIV 

Correlation of the test results were attempted. using 
various kinds of the characteristic length to be used in 

the non-dimensional parameters, but it seems that the 
diameter of the heat-transfer element is the best choice. 

The predicted overall heat-transfer coefficients, c’, 
for a given condition are compared with the experim- 
ental results in Fig. 3. The curve AA is obtained using 
equation (10) with Grimison’s values [l l] of B and err 
which are needed for equations (3) and (8). As can be 

seen from the figure, the agreement between the 
analysis and experiment is very poor except for the 
region near Re, s 3000. 

It was thought that the poor agreement could have 
resulted from two sources in the analysis. One is the 
values of B and VI in equation (IO) which determines 
the values of R, and R,, and the other, the constant, 

C,r, in the Rohsenow’s correlation given by equation 
(12). Therefore firstly, the computation was repeated 
with different values for the constant, C,r, keeping the 

others the same. However, it showed that the effect of 
changes in the value of C,, on the final overall 
coefficient, was very insensitive. 

Secondly. the computation was repeated with the 
different values of B and M in equation (lo), keeping 
the rest the same, and with the values of B and m of 

0.009 and 1.05, respectively. The prediction follows the 
experimental trend very closely, as shown by the curve 
CC in Fig. 3. 

Recent studies [12, 131 showed that the Grimison’s 
correlation does not reflect several important para- 
meters affecting the heat-transfer process. The study of 
these variations is beyond the scope of the present 
work, but throughout the analysis, the corrected 
values of B and m, given as 0.009 and 1.050, re- 
spectively, were used in equation (10) and as it can be 
seen from Figs. 3,9 and 10, the agreement between the 
prediction and experimental results is very good. 

At this point, it must be pointed out that, unlike a 
simple convection heat-transfer process, the heat- 
transfer process in the heat exchanger, using the two- 

U, 

Wlm'K 

100 

/ 

54 
40’ 

30 t 

AA : 0,374 0.581 
cc : 0,009 I.050 . 

2oj- 
! ST =254mm i 
I s, =38.1mm : 

I q 

FIG. 3. Comparison of analysis with experimental results, II,- 
line bundle geometr! 

phase closed thermosyphons or heat pipes. IS quite 
sensitive to the temperature range and to the overall 

temperature difference of the total system due to the 

fact that the process involves two-phase phenomena. 
This is clearly demonstrated in Fig. 4. where the effects 
of the initial temperature of the one fluid stream and 

the temperature difference; &, - 7:,, on the overall 
heat-transfer coefficients, U, at different conditions are 
illustrated. Therefore, throughout the experiment, T,, 

7 

PJ” 

AT 'C 
FIG. 4. Effect of temperature, in-line bundle geometry. 

was kept at 21 f 1°C and AT at 65 & 1OC. so that the 
uncertainties introduced by the dependancy on tem- 
perature can be kept within the acceptable tolerance. 
The predictions which were compared with the expe- 
rimental results, were naturally kept at the same T,, 
and AT used in the experiment. 

Efects of Reynolds number and qfthe rutios Re* und L + 
In a heat exchanger, the heat-transfer rate from one 

stream to the other not only depends on the Reynolds 
numbers of the two streams, but also on the ratio of the 
two Reynolds numbers of the streams, Rc* = Re,/Re, 
The heat exchanger studied here is no exception and 
their effects are shown in Fig. 5. 



Characteristics of heat exchangers 225 

4m Rd= 4 

U, 
Iti- 

W/mOK 

5- 

4- 

3- 

r- 

I - 

ST= 25.4 mm 

AIR,TS 

2 4 6 8 IO’ 2 

R% 

FIG. 5. Effects of Reynolds number and Re*, in-line bundle 
geometry. 

The trend shown in the figure, however, can be quite 

misleading. For the range of moderate Reynolds 

numbers, as in the case of Fig. 5, it is true that 
increasing the Reynolds number for a given value of 
Re* results in a higher value of U. But, if we were to 
increase the Reynolds number to a much higher order 
of magnitude for a given Prandtl number, one can see 
that the effect of the Reynolds number on U becomes 
asymptotic, as shown in Fig. 6 (the effect of Pr in 
conjunction with Re, will be discussed later). The 
explanation is simple; the heat-transfer process from 

the hot stream to the cold stream in the present heat 
exchanger is governed by equation (I), and the in- 
dividual thermal resistance plays its own role depend- 
ing on its magnitude. Figure 6 indicates that there is a 
maximum heat-transfer rate for a particular design of 
the heat-transfer elements at a given condition. This 

implies that the addition of a number of fins to the 

outside surface of heat-transfer elements would im- 

prove the overall heat-transfer process, especially at 
low Reynolds numbers, but there is a limit beyond 
which an increase in the number of fins would not 
necessarily result in a higher value of CJ, especially at 

high Reynolds numbers. 
Coupled to this effect is that of Re*. For a given 

value of Re,, the higher the value of Re*, the larger the 
value of U. It seems to imply that increasing the 

evaporator side heat-transfer increases the overall 
performance of the heat exchanger and vice versa. 

However, the effect of Re* on the overall heat-transfer 
coefficients is much more complicated due to the fact 
that the ratio of heated-length to cooled-length, L’ 
= L,/L,, of the heat-transfer elements also affects the 
heat-transfer process. 

If we were to change the value of L’, we can no 
longer consider the overall heat-transfer rate per unit 

area, because the heat-transfer area is not unique 

anymore. 
As discussed previously, the total thermal resistance 

is the summation of six different resistance governed by 
the conditions of R, and each of which, is specified by 
its particular heat-transfer mechanism. For L’ = 1, 

where the outer surface area of the condenser equals 
the evaporator outside surface area (the diameters 
being the same), U, becomes U,. For values of I_’ 

other than 1, neither U, nor U,, which are based on 
the condenser and the evaporator outside areas, 

respectively, would give any representative picture of 

the change in the performance of the system, as- 
sociated with the relative change of areas as can be seen 
in Fig. 7. Since both evaporator and condenser side 

areas must strongly affect the performance of the 
system, both areas should be included in the definition 
of the overall heat-transfer coefficient. Since the ques- 

tion may be treated as a matter of definition, one may 
use either arithmetic, geometric or logarithmic means 
of the two areas in the definition of U, but none of these 

reflects real changes in the performance of the system, 
as shown in Fig. 7. Therefore, although the concept of 
overall heat-transfer coefficient is preferred (and for 

U, 

W/m2K 

IO’ I ,111 1 ,,,I I ,,,, ,,, 

I03 104 iI35 106 lo7 

Re 

FIG. 6. Effects of Reynolds and Prandtl number. in-line bundle geometry. 
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FIG. 7. Delinition of heat conductance 
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Frc;. 8. Effects of 1: and Rc*, in-line bundle geomelr! 

IOL L+ Anolyrlr Exp. 
9+ 100 -.- . 

0.52 - . 

4. 

Rlh==4000 

AIR,TS 

_~ _.__.-__i_--_-...__l..--. -22 
10 20 30 

Re* 

FIG. 9. Effects of L’ and Re*. comparxan of analysis with 
experimental results, m-line bundle geometry. 

Q/ATm 

W/K 

5 

r 

AIR, TS ‘X, 

\385 j 

0 I 2 3 4 

7 

t:~c;. 10. (a) Relationship between XL’= ‘end L’ . mlinc bundle 
geometry. (b) Relationship between Re* and L’. comparison 

ofexperimental results with analysis. in-linu bundle getrmetr4 

06L 
T-T, ,, 
Th-Tc / 

I_+ = 1, the results are always presented in I’), t’or the 
values of L,- other than 1. the overall conductance 
QiAT,, seems to be the proper choice. 3s are used in 
Figs. 8 12. 

Figure 8. where the value of Ktl, was fixed. show> 
that once the value of L’ is specified, there seems to be 
R point beyond which the overall hext-transfer rate 
does not improve with increasing Kc”. This trend is 
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L+ - OP’ - 
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OB- 

O-6 - AIR,TS , I ,,,,I 
02 0.4 0.6 03 k0 20 40 

Fd 

FIG. 12. The optimum relation between L’ and Re*. 

similar to those shown in Fig. 6. The comparison with 
the experimental results are shown in Fig. 9, where the 

value of Re,, not Re,, was fixed at 4000. Considering 
the complexity involved in the experiment and the 
assumptions made in the analysis, the agreement is 

good. Now, if we were to fix the value of Re* (i.e. the 
relative mass flows of the two streams are fixed) and 
change the value of L’, we obtain the trend shown in 
Figs. 10(a) and (b). It can be seen that an increase in the 
hot-side area does not necessarily lead to higher 
performance. This can be better illustrated by plotting 
the temperature drops across the single heat-transfer 
element, as shown in Fig. 11. It is seen that for Re* = 1, 
the optimum L’ is also unity as is obvious from the fact 

that R, = R,. IfRl # R,, as a result of Re* # 1 and/or 
Z,’ # 1, there must exist a unique relation between Re* 

and L’, which will give the maximum conductance for 
a given geometry of heat exchanger. The results of 
appropriate calculation are shown in Fig. 12. It is seen 
from the computation that the optimum relation 
shown in Fig. 12 holds for different flow rates and is 

independent of the heat-transfer element bank geo- 
metry. 

Effect of stream Prandtl number 
As was shown in Fig. 6, the relative magnitude of six 

thermal resistances involved in a thermosyphon decide 
the overall heat-transfer performance of the system. 
Increase in fluid stream Prandtl number implies, in 
general, a reduction in R, and R7, and their effects are 

shown in Fig. 13. However, it must be stressed that to 
extrapolate the trend shown in Fig. 13 to a higher 
Reynolds number, together with the different tempera- 
ture range, would be misleading as the relative role of 
the individual thermal resistance dictates the overall 
performance, as shown in Fig. 6. The Prandtl number 
shown in Fig. 13 was evaluated at the arithmetic 
average temperature of hot and cold streams. 

Effects of bank geometry 
The overall heat-transfer coefficients for staggered 

systems, are slightly higher than those for an in-line 
bank of thermosyphons. The trend was expected 
because the surface heat-transfer coefficient of the 
former is greater than that of latter at a given mass flow 
rate through the minimum free area. But again, these 
are governed by the relationships already discussed. 

1.5 

Id 
8 

6 

4 

NU 

7 

2 

0’ 

a 

6 

4 

SyZMmm 
SL.39.I mm 
RC”o.9 
L+ = I 

J 
2 4 6 6 IO4 2 3 

R% 

FIG. 13. Effect of Prandtl number, in-line bundle geometry. 

The effect of the transverse spacing on the overall 
heat-transfer coefficient of the present system is quite 
different. As mentioned above, the Reynolds number is 

defined with the diameter of the element as the physical 
characteristic length, and the flow rate through the 
minimum free area as the mass flow rate. The marked 

increase in the Reynolds number due to the small free 
area for a given mass flow rate, did not result in higher 
values of the overall heat-transfer coefficient. As 

discussed previously, the heat-transfer processes in- 
volved are such that hi and h, have only a limited role 
over the performance of the two-phase heat-transfer 
elements. The trends are similar to those so far 

discussed for all the geometries studied, and the 
agreement between the prediction and the experiment 
is comparable to those shown in Figs. 3,9 and 10(b). 

E&ts of element orientation 

The effects of the heat-transfer element orientation 
of the system to the force field are shown in Fig. 14. 

Whereas the effect on the performance of the system 

60- 
t 

. . A . . 

70- 
. x 

* 
60- x 

u, x x x 

W/meK 
JO- 

40- x 

AIR 
STm 36.1 mm 

6~=36.1 mm 
Heat Pips A 

Tharmoqphon x 

L+= I 
lb’ = 0.63 

30t i?ah = 47ocl 

0 15 30 45 60 75 90 

e 

FIG. 14. Effect of orientation, in-line bundle geometry. 



3’8 Y. LEE and A. B~1xwss1.4~ 

with heat pipes are negligible, it is quite significant for 

that with thermosyphons, especially near the horizon- 
tal position. It shows that the capillary action was 
dominant for the former. 

From the experimental results, some of which are 
illustrated in Fig. 14, it was observed that the overall 

heat-transfer coefficients of the system with heat pipes 
were about 4O”, higher than those of the system with 

tllernlosyphons. However, the heat pipe used in the 
study is only one of many designs. and the comparison 
should not be taken to be universal. 

The differences ofresponse to orientation may aflow 

designers to choose for particular applications. For 
instance, the characteristics of thermosyphons can be 
comparable to an electric diode. and this cut-off feature 

can be used in permafrost preservation [ 141. 

In general. heat exchanger data may be presented by 

heat exchanger effectiveness [S”j which depends upon 
the exchanger flow con~~urat~on, the capacity rate 
(w,,) ratio of the two stream fluids and the NTU 
(number of transfer unit). Only for simple cases, the 

functional relation of NTU can be determined by 
solving appropriate differential equations. 

A quantitative comparison of the present system 

with those of conventional systems was not performed. 
since the NTU of the present test exchanger is always 
smaller than 0.5 due to limited available heat-transfer 
area. In practice, the preferred values of NTlJ fall 

between 3 and 4, since in this range, close to 905; 
effectiveness is attained. 

Therefore, it is obvious from the present study that 
one has to increase the NTU of the system, by an 
increase in available heat-transfer surface areas by 

such as adding the number of fins to the heat transfer 
elements. However. there must be an optical condition 
and this can be predicted by the method of the analysis 
used in the present study. 

The following conclusions can be drawn from the 

present study : 
1. A simple iterative calculation can predict the 

performance of heat exchangers having two-phase 
closed thern~osyphons fairly well, with the correlation 
for the surface heat-transfer coefficients properly cor- 
rected, using available empirical information. 

2. The rnaxirnul~ heat transfer of the unit has a 
unique functional relationship between C’ and R”, as 

shown in Fig. 12, regardless of element bank geomet- 

ries. 

3. T-he bank arrangement of the two-ph;(4e il~~;~~.. 
transfer elements has comparable etfects on the 4r1er:~i’ 
heat-transfer coefficients of the uni(. as on the ~t.i;~;.c 
heat-transfer coefficients d simple c(rn\ectiir‘ il (I..~~ 
Row systems. 

3. The effect of increasing Prantltl number ,1r12 : o 
Reynolds number of any of two fluid ctream. I’ i2-: 
increase the overall heat-transfer ct~etlicient itp tit ,L 
certain limit. 

5 The optimum number of tins IL) be added to (he 

surface of heat-transfer elements can be determined t-11 
the method used in the present analysis 

6. The effect of element orientation to the gr:t\ I- 

tational field is much more pronounced for therm+ 

syphons than for heat pipes. 
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CARACTERISTI~U~S DES ECHANGEURS THERMIQUES UTILISANT DES CALODUCS 
OU DES THERMOSIPHONS 

Resume-On etudie experimentalement tes caracteristiqurs des echangeurs thermiques h contrecourant 
utilisant des caloducs ou des thernlosiphons fermts a deux phases comme element de transfert de chaleur. 
Un modkle analytique simple est dbeloppe pour &valuer les performances de telles unites a thermosiphons. 
Le flux thermique maximal. fonction du rapport des flux massiques des deux koulements et du rapport 

des longueurs chaudes et froides des Bements. est indifferent aux geometries des grappes d’t-lements. 



Characteristics of heat exchangers 

DIE EIGENSC~A~EN VON W~RMEAUSTAUSCHERN AUS W~RMEROHREN 
ODER THERMOSIPHONS 

Zusammenfassung-Die Eigenschaften von Gegenstrom-Wiirmeaustauschern, welche Warmerohre oder 
geschlossene Zwei-Phasen-Thermosiphons als W%rmeiibertragungselemente benutzen, werden experi- 
mentell untersucht. AuBerdem wurde ein einfaches analytisches Model1 entwickelt, urn die Leistung 
von solchen Apparaten mit Thermosiphons vorherzusagen. Die maximale Wkmeiibertragungsleistung 
hat einen einzigen funktionalen Zusammenhang mit den beiden Massenstriimen und dem Verhahnis von 
erhitzter zu gek~lter Lange dcs W~me~bertragungselements, unabh~gig von der B~ndelgeometric 

desElementes. 
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XAPAKTEPMCTMKM TEIIJ-lOO6MEHHMKOB, OCHOBAHHblX HA 
MCllOJIb30BAHMM TElUlOBblX TPYfj MJlM TEPMOCMQOHOB 

~OTaU~~- npOIieLteH0 3KC~eP~MeHTanbHOc ncC~e~OBaHUe ~POTUBOTOYHblX TeR~OO6MeH~UKOB 

OCHOBaHHbIX Ha HCIIOilb30BaHWM TeIIJIOBblX Tpy6 HJIM 8B)'X+a3HblX 3aMKHYTbIX Tef.,MOCHtjIOHoB 

B KaYeCTBe TeWI006MeHHOrO 3neMeHra; pa3pa60TaHa npocran aHanHTwieCKaR Mogenb pacqera 
pa6oqero peW4Ma TkIKMX)'CTaHOBOKC TepMOCki+OHaMU. 

h&KCIiMWIbHaR CKOpOCTb TeI'IJIOO6MeHa Ilpe&CTaBJUIeT CO6Oii [PJ'HKlIIlOHaJlbHYM 3amic&iMocTb 

Memny OTHOLUeHHeM 4ByX MaCCOBbIX paCXOJlOB II OTHOUIeHMeM nnHH HarpeTorO H Oxnam~eHnoro 
YqaCTKOB B TennOO6Me~HbiX 3JIeMeHTaX 6e3 yvera MX reoMeTpKn. 


