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Abstraet--Th~s paper deals with expenmental and theoretical mvest~gatmns on a thermosyphon with 
"throughflow m a figure-of-emght loop The one-d~menstonal energy and momentum conservauon equations 
are solved w~th suitable assumptions and analytical solutmns are obtained for the steady-state case for 
d~fferent throughflow inlet and outlet points The steady-state flow rates obtained w~th hot and cold leg 
injectmns are compared Comparison of predicted steady-state flow rates w~th expenmental data shows 
agreement within ___ 15% The transient behavmur has been obtained numencally using the fimte difference 

method and compared with experimental data 

1. INTRODUCTION 

IN THERMOSYPHON loops, the circulating fluid removes 
heat from a source and transports it to a sink, the 
fluid circulation being the result of the buoyancy force 
Thermosyphon loops find application in many fields, 
namely, gas turbine blade cooling, transformer 
coohng, nuclear reactor core cooling, solar heaters 
and geothermal processes A literature survey has 
revealed that thermosyphon studies have already been 
made in a number of loops of simple geometry The 
early studies by Welander [1] and Keller [2] were 
concerned with the stability of a thermosyphon in a 
loop with a point heat source and a point heat sink. 
Thereafter the toroldal loop has been the subject of 
extensive experimental and theoretical investigations 
probably due to its slmphclty This is the only loop 
for which 1-D [3], 2-D [4] and 3-D [5] analyses have 
been reported. Experimental investigation of a 
thermosyphon In a toroldal loop has been earned out 
for the first time by Crevehng et al [6] Later on, 
Damerell and Schoenhals [7] made an experimental 
investigation of the effect of the angular displacement 
of the heated and cooled sections of this loop_ The 
double-loop toroldal thermosyphon was investigated 
by Sen et al [8]_ Other loops studied include the 
parallel-channels loop of Chato [9], the square loop 
employed by Bau and Torrance [10], Halhnan and 
Vlskanta [11], the rectangular loops of Lapin [12], 
Huang and Zelaya [13], the loops relevant to PWRs 
[14, 15] and the solar water heater [16] 

There are very few thermosyphon studies in figure- 
of-eight loops. The loop employed in CANDU type 
pressurized heavy water reactors (PHWRs) has a 
figure-of-eight configuration Previous investigations 
ofa thermosyphon in this loop have been carried out 
by Ardron et al [17] and Vijayan et al [18] 

All the above studies have been carried out for 
closed loops without throughflow Throughflow 
effects are important for nuclear reactor cooling as 
some amount of feed and bleed is required even during 
thermosyphon conditions ZVlrln [19] studied the 
effect of throughflow on a loop with two vertical bran- 
ches with a point heat source and sink Mertol et al 

[20] studied the transient, steady-state and stability 
behaviour of a thermosyphon with throughflow In a 
toroidal loop. The temperature at which the through- 
flow enters the loop is also of practical relevance to 
nuclear reactor core cooling Some work is reported 
on this aspect by Zvlrln [19] and Mertol et al [20] 
However, in all previous studies, the locations of the 
injection point and the bleed point were kept the same 
From the view point of nuclear reactor safety one is 
interested to know whether hot or cold leg injection 
is preferred which also has not been investigated pre- 
viously. Further, all previous works on thermo- 
syphons with throughflow were purely theoretical and 
no experiments with throughflow have been reported 
so far The present work, therefore, deals with exper- 
imental and theoretical investigations on a thermo- 
syphon with throughflow_ 
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NOMENCLATURE 

A cross-sectional area 
A* parameter in equation (8), A~y/V 
a, b constants in equation (5) 
Cp specific heat 
D dmmeter 
[ &mensional throughflow rate 
F non-dimensional throughflow rate 
q acceleration due to gravity 
Grin modified Grashof  number, 

D ~ p'- flgA Tr/ ,U 2 
K local loss coefficient 
k thermal conductivity 
L length 
L~ total circulation length 
L ~ length of  branch 1 
L~_ length of  branch 2 
Nu' Nusselt number, U, ZJk  
P parameter in the defimtion of  ~O', 

4Nu'/(Re,, Pr) 
Pr Prandtl number, Cpla/k 
Q heat rate 
Re Reynolds number, DoW/AcI~ 
S non-&menslonal  coordinate around the 

loop 
S~ non-dimensional half length of  the U- 

tube cooler 
s dimensional coordmate around the loop 
t time 
T temperature 
ATr reference temperature difference used in 

the definmon of Grin, QZJAollcp 
u overall heat transfer coeffioent 
V volume 
W mass flow rate 
Z non-&menslonal  elevation 

z dimensional elevaUon 
Z,  elevation at cooler inlet 
Z ,  elevation at header centre line 
ZL centre hne elevation difference between 

the cooler and the heater 

Greek symbols 

0 
// 

P 
"C 

/]  t 

CO 

volumetric coeffioent of expansion 
parameter in equation (3), ~, ds,A(.s) 
non-dimensional temperature 
dynamic viscosity 
density 
non-dimens~onal time 
parameter m equation (9), 
V,/AZc 
parameter. PSc/(1 + F) 
non-&menslonal  flow rate 

Subscripts 
0 reference 
c cooler 
e eqmvalent  
eft effectwe 
fi throughflow inlet 
fo throughflow outlet 
Ho outside surface of  heater tube 
h heater 
I integral 
I inside 
l loop 
m mean 
s secondary side of  cooler 
si secondary inlet 
ss steady state. 

2 THE EXPERIMENTAL INVESTIGATION 

The experimental loop (see Fig I) consisted of  two 
horizontal heaters of  annular geometry, with the inner 
tube &rectly heated by electric current_ The heaters 
were connected to headers and the latter were con- 
nected to vertical inverted U-tube coolers by small 
diameter tubes Each cooler (tube-m-tube type) con- 
sisted of  an inverted glass U-tube, the vertical portions 
of which were cooled by water flowing in the sur- 
rounding annulus formed with another glass tube 
The system pressure was maintained at near atmo- 
spheric by a small expansion tank provided at the 
highest elevation_ The loop was insulated using pre- 
cast asbestos magnesm 

In the present loop all feed and bleed points are 
associated with the headers HI ,  H2, H3 and H4 as 
shown m Fag. 1 Injection is possible only in header 
2, whereas the bleed flow could be taken out through 
any one of  the four headers The inlet temperature of  

throughflow is the same as the inlet temperature of  
coohng water as the feed flow is branched off- from 
the inlet side of  the secondary cooling water hne (see 
Fig. I)_ 

There were 24 thermocouples installed at various 
points in the loop (see Fig 1) to measure the heater 
surface and water temperatures All thermocouples 
were connected to a datalogger which could scan all 
the channels in less than 2 s The power input to the 
heater was obtamed as the product of  voltage and 
current which were measured The thermosyphon 
flow rate through the loop was then estimated from 
the measured heater power and temperature rise 
across the heater This method of  flow measurement 
was compared against that measured by a magnetic 
flow meter under forced flow conditions and the agree- 
ment was found to be within 5-7% [21] The sec- 
ondary side flow rates to the in&vldual coolers were 
measured with the help of  two rotameters The water 
temperatures at the inlet and outlet of  both the coolers 
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FIG 1 Experimental loop 

were also measured. The throughflow rates were very 
small ( < 5  cm 3 s - ] )  and were accurately measured by 
collecting the bleed flow in a measuring jar  and noting 
the time 

During the experiments the injection of  water at 
room temperature was started after the system 
reached the steady-state thermosyphon condition 
with no throughflow A few seconds (about 5--6 s) 
later the bleed flow was started (this time delay does 
not have a significant effect on the transient behaviour 
as the transient is a slow one taking several minutes). 
Then the system was allowed to attain the new steady 
state with throughflow For  fixed reject,on and bleed 
points hot or cold leg inJect]on is obtained by changing 
the flow direction m the loop. During the transient, 
the loop temperatures were recorded at an interval of  
1 mln 

3 M E T H O D  OF ANALYSIS 

The geometry and coordinate system considered for 
analysis is shown m Fig 2 The heaters are supplied 
with a constant power of  Qh and the coolers are sup- 
plied with a constant secondary mass flow rate of  W, 

at temperature T~, The loop is allowed to reach 
steady-state thermosyphon conditions At steady state 
a constant throughflow Is suddenly introduced with 
inlet at header 2 and outlet at header 3. Thus for 
anUclockw]se circulation, the flow rate in branch I 
(from header 2 to header 3 through heater I) is higher 
than that m branch 2 (from header 3 to header 2 
through heater 2) The assumptions made in the 
analysis are given below. 

(1) The fluid properties are constant in the gov- 
erning equations except for the body force term 
(Bousslnesq approximation) where, the density 
variation with temperature is assumed linear, Le. 

p = P0II - • ( T -  T0)]. 
(2) The effect of  axial conduction and viscous dis- 

sipation m the fluid are neglected 
(3) Perfect mixing is assumed to occur at the feed 

inlet 
(4) The effective hydraulic resistance of  each branch 

of  the loop is assumed to be equal to the total loop 
resistance corresponding to the flow rate of  the branch 
multlphed by the length fraction (L/L,) of tha t  branch 

From the equation of  contlnmty for one-dtmen- 
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smnal incompressible flow, we have that the mass flow 
rate in each branch of  the loop ]s a function of  time 
only Therefore, the momentum equatmn for the two 
branches can be written as follows 

Branch 1 

d ( W + f )  fo" ?l ~ - g~Po T d z -  K. (W+f)  =/(2poA2=) 

- (Phd3--Phd2) (1) 

Branch 2 

dW fo L: 72 dt =gflP° Tdz-K2WZ/(2poA~) 

- (Phdz - P h d 3 )  

where Phd2 and Phd3 are the pressures at header 2 and 
header 3, respectively Adding equations (1) and (2) 
yields 

d W  f0" Y-~-{ =9800 Tdz-Kt(W+f)2/(2poA~) 

- K2 W2/(2poA~) (3) 

The hydraulic loss coefficients K~ and K, m equation 
(3) were obtained from 

K~ = K, erLi/L~ and K, = K~erL~_/Lt (4) 

where K, fr IS obtained from the following equation 

Koer = a/Re h (5) 

where the constants a and b are obtained from the 
thermosyphon data generated m the present loop 
without throughflow The values of  the constants a 
and b used m the analysis are 1 57 x 10 -~ and 0.656, 
respectively [21] To solve equation (3) it is necessary 
to obtain the loop temperature distribution which can 

be obtained from the energy equation 
equations for the two branches are 

Branch 1 

The energy 

O T + ( W + f ) a T  
37 \ J Ts 

4qDHo/{(D.--DHo)poCpj heater I 

= 1 0  4U'(T- T~)/(D'p°Cv) pipes cooler (6a) 

Branch 2 

aT { w ar 

= {aqDHo/{(D,Z-D~oJpoCpJ heater 2 
(6b) 

pipes 

Note  that branch 2 does not have any cooler The 
momentum and the energy equat,ons are now non- 
dimensmnahzed using the steady-state parameters as 
described below 

A 2 
o9= W/Wss, S = ~ ,  Z=ZL (7a) 

z = t/t¢h, 0 = (T--T,,)/(ATh),,, 

F = [/HI,, (7b) 

where tch IS the time required to pump one inventory 
of  the loop through any cross-sect=on at the steady- 
state condition. Hence 

t~h = V,po/W,, (7c) 

The resulting dimensionless momentum equation is 



Investtgations on the steady-state and transient behavmur of a thermosyphon 2483 

do) 
. 4 * -  

dr 

+ a[L. (o9 + F) ~- -~ + L,_og"--b]/(2Re~ L,) = 

fo (Grin~RedO 0 d- 

The dimensionless energy equations for the two 
branches are 

Branch 1 

( V ~/ Vh heater 

~O + dP(Og+ F) ~S = I o  Pdp(O-O0 cz pipes cooler 

Branch 2 

~0 aO {V,/Vh heater 
~ + ~bo9 ~ = pipes 

Energy balance at the injection point yields the fol- 
lowing equation for the m~xed mean temperature 

0 m = (ogO-~-FOfi)/(o)-q- F)  (9c) 

3 ! Steady-state soluttons 
The steady-state equations are obtained by drop- 

ping the d/~z terms from equations (8) and (9) and 
setting o9 = 1 Exact analytical solutions of the steady- 
state equation can be obtained for specified Grin, 0~, 
On and Nuo The steady-state temperature profile is 
obtained by integrating the steady-state energy equa- 
tions for the two branches usmg the contlnmty of 
temperature as the boundary condition. The steady- 
state temperature profiles so obtained for the vanous 
segments (see Fig 2) of the loop are 

O(S)~ = O~_+AhZcS/[Vh(I+F)] heaterl 

(iOa) 

O~=Oh~ =O~2+l / ( l+F)  hotlegl (lOb) 

O(S)~ = O,+(Oh,--0,) e×p ( S ~ - S )  

cooler I (lOc) 

O~=O~t =O,+(Oh~--O~)e 2~ coldlegl 

(lOd) 

O(S),, = 0~ + AhZ~S/Vh heater2 (lOe) 

0~ = Oh2 = O:~+l hotleg2untiiheader2 

(10f) 

(O,,L~ = (Oh,_+ FOr.)/(l + F) mjectlonpolnt 

(lOg) 

0~ = (Om),s hotleg2untllcooler2 (lOh) 

O(S)~ = 0s+(0m-0s)exp (S,_- S) 

cooler 2 (101) 

0~s=0c_,=0~+(0m-0~)e - '~  coldleg2 
(8) 

(10j) 

Using equation (10) the integral in the momentum 
equatton (8) can be evaluated as 

I? 01 = OdZ = Zl[Ohl +Om-Ocl--O,,_] 

/" "~ I + F  
-~ Z2(Oh2--Om) dff(Ohl dr-0m- 20s)[ T )  

(9a) [1 + e- 2~ _ 2e- * ] 

Subs0tutlng this in equation (8), the steady-state 
Reynolds number with throughflow can be obtained 

(9b) as 

Reds = [2Grin OiLt/ 

{a(Lt( i+F) ' - -b+L,)}]  '''3-~' (11) 

3.1 1 Steady-state solutions for other feed and bleed 
points. It may be noted that equations (10) and (I 1) 
apply only for injection in header 2 and bleed from 
header 3 and the antlclockwlse flow &rectlon shown 
in Fig. 2 If the flow direction or the location of m.lec- 
tion and bleed points are different from that in Fig 
2, then the solutions are also different. Following the 
same methodology descnbed above, the steady-state 
equations slmdar to equations (10) and (11) were 
denved for other feed and bleed locations. These solu- 
tions are presented in ref. [21] for the antlclockwlse 
and clockwise flow directions, respectively, but are 
not reproduced here due to shortage of space 

3 2 Transient solutton 
Transient analysis of a thermosyphon loop is usu- 

ally done numerically employing the fimte difference 
method Analyucal methods for the transient behav- 
iour on the other hand are mainly concerned with the 
evaluation of the characteristic time constant of the 
system of Zvmn et al [15]. In some restncted cases, 
analytical methods can also be employed to obtain 
an approximate transient behavlour as discussed by 
Zvinn [22]. The coupled, time-dependent governing 
equations (8) and (9) have been solved numerically 
by using the finite difference method The energy equa- 
tions were advanced explicitly using the backward 
difference formula for the spatial derivatives and the 
forward difference formula for the time derivatives 
The hme step was chosen so as to satisfy the stability 
cntena. The momentum equation was solved ~m- 
plicttly using the Newton-Raphson method The inte- 
gral in the momentum equatmn was evaluated using 
Slmpson's rule Details of the numerical solution and 
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the dlscretizatlon scheme employed are given in ref 
[21] 

3 3 Efficiency o f  throuyh[tow 
The throughflow efficiency q, is defined as the ratio 

of  the energy carried away by the throughflow to 
the total energy added to the loop At steady-state 
conditions this is given by 

o r  

~l~, = fCp(Tro - Tc,)/2Qh 

F 
q~s = ~_ ( 0 t o - 0 , )  

For  the transient condition the 
efficiency is given by 

F 
,7(~) = 5 {0~o(~)- 0~} 

(13) 

instantaneous 

4. M A N N E R  OF PRESENTATION 

From equations (8) and (9) it is clear that the per- 
formance of  the present loop under throughflow con- 
dltlons is governed by the parameters F. Or,. location 
of  feed and bleed and flow direction in addition to 
Gr,., Nuo and 0~, Effect of  variation of  Gr~., Nuo, Or, 
and 0s. on the thermosyphon behavlour is outside the 
scope of  the present mvesttgauon Since injection was 
possible only in header 2 in the present loop, the 
following equation can be written- 

Re(z) = f ( F .  bleed location and flow direction) 

(15) 

The effect of  all the parameters given by equation 
(15) are investigated for the steady-state case where 
analytical solutions exist 

For  the transient case, however, the equations are 
to be solved numerically and hence injection in header 
2 and bleed from header 3 only is considered. Also, 
for the transient case, only one flow direction is con- 
sidered (antlclockwlse direction given in Fig. 2) For  
this flow direction and feed and bleed arrangement 
the effect of  F on the transient behavlour is studied 

In the present study, the initial condition considered 
is one of  steady-state thermosyphon at the specified 
Grin and secondary conditions without throughflow 
The initial temperatures and flow rates were estimated 
using equations (10) and (11) with F = 0 

5 D ISCUSSION OF RESULTS- -STEADY-  
STATE SOLUTION 

5 1 Reds t's F--comparison with exper,ment 
In Fig 3 the effect of  F on the predicted Re~ for 

throughflow entering header 2 and leaving header 3 
is presented for both flow directions In this case the 
antlclockwise direction is seen to give a lower flow 
than the clockwise direction The effect of throughflow 

is to reduce the thermosyphon flow rate when com- 
pared to that obtained without throughflow The mea- 
sured flow rates are also plotted in this figure The 
predicted Reynolds numbers are seen to fall within 
+_15% of data 

5.2 Effect o f  bleed pomt Io¢atum 
From Fig 4 it IS seen that for a fixed lnjecuon 

point the therrnosyphon flow rate also depends on the 
(12) location of  the bleed point For  injection in header 2. 

the best flow rate is obtained for bleeding from header 
2 The next best flow rate is obtained for bleeding 
from header 1, followed by header 4 and header 3 In 
other words the best flow rate is obtained for mini- 
mum distance in the direction of  flow between the 
points of injection and bleed This is to be expected 
as the effect of  throughflow is to reduce the buoyancy 
force and to increase the frictional resistance 

(14) 
As the throughflow rate increases, the efficiency of  

throughflow increases Bleeding from hot legs leads 
to significantly higher efficiency than bleeding from 
cold legs Though,  the best effioency of  throughflov~ 
is obtained for bleeding from header 4, it leads to very 
low mass flow rates in one of  the heaters and 
consequently high heater temperatures 

5.3. Hot leg injection ,,s cold leq Inlecnon (eflect o/ 
[tow direction) 

From the above results ~t has been established that 
the thermosyphon flow rate depends on the distance 
between the points of  lnjectaon and bleed Hence to 
study whether hot leg or cold leg injection is preferred 
one has to locate the feed and bleed points in such a 
way that both the branches of  the loop (the low flow 
branch and the high flow branch) are of  equal lengths 
irrespective of  flow dlrecnon This condition is sat- 
isfied for injection in header 2 and bleeding from 
header 4 The results of  this study are g~ven in Fig 5 
From this figure it is seen that with hot leg injection 
the flow rate IS only marginally lower than that 
obtained with cold leg injection This is because m 
a figure-of-eight configuration each half of  the loop 
contributes to the buoyancy driving force and the 
reduction in buoyancy force due to hot leg injection 
in one half of  the loop is partially compensated by 
the accompanying increase m the contribution to the 
buoyancy force In the other half of  the loop The 
increase in buoyancy force, however, is obtained only 
by a corresponding increase in the heater surface tem- 
perature in the low flow branch The available exper- 
imental data are also plotted in Fig 5 which show 
good agreement with the predictions 

Figure 6 shows a case (injection in header 2 and bleed 
from header 1) where the hot leg lnjecnon leads to 
larger thermosyphon flow rates than the cold leg inJec- 
tion Here the reduction in the thermosyphon flow 
rate due to hot leg injection is more than compensated 
by the length effect It may be noted that throughflow 
travels only a short length inside the loop with hot leg 
injection, while with cold leg injection It travels a 
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FiG 3 Comparison of measured and predicted flows ( inject ion m header 2 and bleeding from header 3) 

longer length and that 1s the reason for gettmg larger 
flows with hot leg mjection However,  the larger flow 
is obtained at the cost of  an mcreased flutd tem- 
perature m the low flow branch 

5.4. Typwal loop temperature distribution 
Typical non-dimensional loop temperature dis- 

trtbution for different throughflow rates are shown m 
F]g 7 When the throughflow rate ts zero, we get a 
symmetric temperature dlstnbutlon m each half  of  the 
loop With a throughflow, the temperature dts- 
tributlon becomes asymmetric due to the unequal 
flows in the different branches of  the loop With the 
increase in throughflow, this asymmetry m tem- 
perature distribution keeps growing 

6. DISCUSSION OF RESULTS--TRANSIENT 
SOLUTION 

The transient solutions presented i n  this paper are 
for small throughflow rates 0.e F < I) as mstabdlty 
is observed for large throughflows 

6.1 Comparison wtth experiment (.feed m header 2- 
bleed from header 3) 

Figure 8 shows the predicted and measured tran- 
sient behav]our of  A0h, and A0h2 at Grin = 2.67 x l0 '° 
and F = 0.7009 It is seen from this figure that the 
trends observed in the expenments are predicted cor- 
rectly except for a small period during the mmal  stage 
The mltlal dip seen m the experimental curve of  A0h~ - 
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is due to the occurrence of  a small backflow at the 
Ume of  opening the bleed valve In the calculations, 
this backflow is not  accounted for Though, the exper- 
imental curve shows oscillatory behavlour, there are 
too many osctllauons in the pre&cted curve Thts ~s 
expected as the numerical model employed does not 
consider the effect of  the secondary flows and the 
thermal lag of  the walls of  the loop and the heater 

6.2 Effect of small throughflow (F < 1 O) 
Figure 9 shows the predicted efficiency vanaUon as 

a funcUon of throughflow For  low throughflow rates 
(F = 0 1) the q jumps  to the steady-state value quickly 
and remains steady As the throughflow rate increases 
(F = 0 25) small oscillations in ll with time appear 
With further increase m throughflow, the amphtude 
and frequency of  these oscdlauons increase (F = 0 5 
and I 0) The t,me required to attain the steady-state 
value also increases with F 

Figure 10 shows the pred,cted transient flow rate 

in branch 2 for different throughflow rates For  low 
throughflow rates the thermosyphon flow experiences 
some miual oscdlations before reaching the steady 
state The steady-state flow rate, however, ~s lower 
when compared to the case without throughflow (i e. 
F = 0). As the throughflow rate increases the ampli- 
tude and frequency of  these initial oscillations 
increase 

7. CONCLUSIONS 

Throughflow tends to reduce the thermosyphon 
flow rate when compared to the case without through- 
flow. As the throughflow rate increases, the thermo- 
syphon flow rate decreases while the effioency 
increases For  a given injection point, the steady 
thermosyphon flow rate depends on the IocaUon of the 
bleed point Best flow rates are obtained for mlmmum 
distance m the direct,on of  flow between the mjecuon 
and bleed points. Hot  leg inject,on does not always gwe 
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FIG 7 Effect of  throughflow on steady-state temperature d~stnbutton_ 

Grin : 2 6 7  • I0 IO - -  E l ~ r = m e n t  
Nuo: 9 89 Pred*cted ~ l  
F : 0 ?009 - - -  Predicted ~Sh= 
8 . : 8 e , = 0  

t! 

I t _ ~ _ 

°ri /I b' 
0 9  

Oe 

O? 

0 6  , 2 . _ _ = "  ' __ 

0 5 ~  
0 0 4  0 8  12  16  2D 

t 

FIG 8 Predtcted and measured transient with throughflow. 

0,08 

0 07 

0 0 6  

0 0 ~  

0 0 4  

0 03 

001 

Grin : ! 4 • I0 tO 
Ngo-- 9 0 

• f !  , . = : , , , :  0 

I | l i .~ F . . ' I O  

I I ~.2 
I 

,J 

o t  

J [ i I i 
0 0 4  OE ! 2 I 6 2 0  

T 

FiG 9 Effect of throughflow on ~ (transient state) 



2488 P K VIJAYAN and A W DATE 

od 

E 
¢ 

500 

465 

400 

300 

F--O0 

F :O  I 

- - _ _  F : 0 2 5  

Nuo= 9 O, 8=,=0=8¢, 

I I I O I 8  I I I I I 2 IO 
0 2  O4 0 6  IO  12 14 16  18 

r 

FtG 10 Effect o f  throughflow on the transaent performance 
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lower  f low rate  c o m p a r e d  to cold  leg in jec t ion  W~th 

a t h r o u g h f l o w ,  the  l oop  t e m p e r a t u r e  d i s t r i b u t i o n  

b e c o m e s  a s y m m e t r t c  a n d  th is  a s y m m e t r y  keeps  g row-  

lng  wt th  inc rease  m t h r o u g h f l o w  ra te  M e a s u r e d  

va lues  o f  s t e a d y  f lows are  f o u n d  to be w , t h l n  + 15% 
o f  the  p red ]c t tons  

Pred ic ted  t r a n s t e n t s  wi th  F ~< 1 s h o w  mtt tal  osctl- 

l a t tons  o f  xncreas lng  a m p h t u d e  a n d  f r e q u e n c y  before  

r e ach ing  s t e ady  s ta te  as the  t h r o u g h f l o w  ra te  ~s 

inc reased  C o m p a r i s o n  o f  p red tc ted  a n d  m e a s u r e d  

t r an s i en t s  s h o w s  t ha t  the  t r ends  o b s e r v e d  in exper -  

i m e n t s  are  co r rec t ly  p red , c t ed  
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ETUDES E X P E R I M E N T A L E S  ET T H E O R I Q U E S  DU C O M P O R T E M E N T  D 'ETATS 
P E R M A N E N T  ET T R A N S I T O I R E  D ' U N  T H E R M O S I P H O N  AVEC BOUCLE EN F O R M E  DE 

HUIT  

R6sum6--On d6cnt les recherches expenmentales et th~onques sur un thermostphon avec boucle en forme 
de huit_ Les 6quations monodtmenslonnelles d'6nergle et de quantlt6 de mouvement  sont  resolues ~i partir 
d 'hypoth6ses convenables et des solutions analyttques sont obtenues darts le cas permanent  pour d~ff,~rents 
points d'entr6e et de sortie Les d6bits permanents  obtenus, avec des rejections dans la branche chaude ou 
fro~de, sont compar6s aux donn~es expenmentales La comparaLson entre d~blts calcules et d6blts mesures 
montre un accord a mleux que_+_ 15% Le comportement  vanable a 6t6 obtenu num6nquement  en utihsant 

une methode de dLff&ences times et on a compare avec l 'exp~nence 

E X P E R I M E N T E L L E  U N D  T H E O R E T I S C H E  U N T E R S U C H U N G  DES STATION,~REN 
U N D  INSTATION,~REN V E R H A L T E N S  EINES T H E R M O S Y P H O N S  IN 

D O P P E L S C H L E I F E N A N O R D N U N G  

Zusammeafassung~Es  wlrd fiber expenmentelle und theoretische Untersuchungen an emem Thermo- 
syphon m Doppelschlelfenanordnung berichtet Die em&mensionalen Erhaltungsglelchungen fur Energae 
und lmpuls  werden bet geetgneten Annahmen  gelbst Es ergeben slch analyttsche Ausdrucke fur den 
statlonaren Fall be1 Wahl  unterschtedhcher Emtnt ts -  und Austn t t spunkte  der Durchs t romung Fur sta- 
t~onare Stromungsbedmgungen werden die F~ille rmtemander verghchen, bet denen der Aus tn t t spunkt  
emmal tm h e t ~ n  und emmal ~m kalten Tefl hegt Em Vergletch der berechneten Ergebmsse mlt 
Versuchsdaten zetgt eme Oberemst lmmung innerhalb _+ 15% Zusatzhch wJrd mlt Hflfe emes Fmlte- 

D~fferenzen-Verfahrens das Obergangsverhalten berechnet und ebenfalls mJt Versuchsdaten verghchen 

3 K C H E P H M E H T A J I b H O E  H T E O P E T H q E C K O E  H C C ~ E ~ O B A H H E  C T A I . ~ I O H A P H O F O  H 
H E C T A U H O H A P H O F O  FIOBF.nF~HH.q TEPMOCHq~OHA CO C K O B O 3 H b l M  r l O T O K O M  B 

KOHT YP E  B ~ O P M E  B O C b M E P K H  

,dIJOOTRImBI--~IKCI]CpIiIMCHTaJI]bHO H 'Yl~pc:ztt,5~"KH HCC./IP.,,D~"CIi T~MOCHI~H CO CrBO3HbJM nOTOEOM n 
zoenype n (J)opMe noc~,~*pr~, l"lpn COOTne'rc'rnyJonmx .aom~m.icuusx peu.~mTcs OnuOMepH,-,e ypennemJJ 
COXl~ne~mJ ~Meprml n m ~ m ~ c a ,  u oupe~.~OOTCS az4a.ma'raqeczH© p c m © ~  ~ s  CTaUxo~puoro 
c~y~ax x pa3J~w~uax TOng nxo~a [] m ~ x o ~  ¢zso3noro UOTO~a. CpaneuvaJOTC~ 3uaqe~ms C T ~ O R a p -  

paCXO~IOB upH n o ~ q e  XOJIO~llOi H r o p l R d  ¢pe~ CpamHeeme noL~laJlo, qTO ~ a H H ~ e  H 3zc- 
ncplaMCHTa.n~H~e ,0[all]m~e c, onrla.,zza.zoT c TO~4OCTblO -t'-15%. MCTO,ZlOM gone,mztzx pa3z40c"reJi 
paccqwraHo Kec'ralzRoHapHoe none~zeuue, ~ npone~eno cpaaneeme nozumenutax pe3yJlbXaTOn C 3gcnepll- 

MCHTa.n[bHIalZVlH ~taHIJblMH. 


