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We determine the fac tors  and conditions result ing in pronounced impai rment  of heat t r ans fe r  
through the cavity of a closed evaporation thermosiphon during the hea t - t r ans fe r  p rocess .  We 
have established the optimum conditions for  the utilization of the hea t - t r ans fe r  elements.  

Closed evaporation thermosiphons are  used as the hea t - t r ans fe r  elements in baking furnaces  [1, 2] and 
in the a i r  hea ters  of boi ler  installations [3, 4]. The high hea t - t r ansmiss ion  caPacity of the closed channel, 
par t ia l ly  filled with a liquid intermediate  heat c a r r i e r ,  makes it possible to use the thermosiphon element 
for the cooling of blades in h igh- tempera tu re  gas and s team turbines [5-7]. 

An analysis  of the l i te ra ture  devoted to the use of thermosiphons shows that the extent to which the 
cavity of the element should be filled with the heat c a r r i e r  (primari ly water) is determined empir ical ly .  
The recommendat ions  most  frequently call  for  1/3 of the volume of a c losed evaporation thermosiphon to be 
filled [1, 2]. It is indicated in [2] that the filling of the cavity with a liquid level above or below 1/3 of the 
volume may lead to the rupture  of the hea t - t r ansmiss ion  tube. 

Exper iments  on fixed and rotating thermosiphons showed that there  is a minimum permiss ib le  extent 
to Which the cavity of the element can be filled with the intermediate  heat c a r r i e r .  When the cavity is filled 
to levels below the limit, the heat flows through the closed evaporation thermosiphon are  markedly reduced. 
The reason for this phenomenon, according to the hypotheses of [5, 6], is a unique hea t - t r ans fe r  "c r i s i s"  
that is associa ted  with an inadequate amount of liquid to ensure  complete wetting of the inside walls of the 
element cavity.  

The few data on the minimum amounts for the filling of the cavity in a closed evaporation thermosiphon 
with the intermediate  heat c a r r i e r s  differ substantially f rom each other in t e r m s  of quantity. Thus, for  a 
fixed thermosiphon element the fill factor  is given as 0.172% in [6], and 0.38 and 0.48% in [7]; for a rotating 
element the corresponding f igures  a re  1.5% in [6] and 15% in [5]. 

In the l i te ra ture  with which we a re  famil iar  there  are  no theoret ical  recommendat ions  for  the deter -  
mination of the minimum permiss ib le  fill fac tor  for  the cavity of a closed thermosiphon.  

Here we make an attempt experimental ly and theoret ical ly  to determine the fac tors  responsible for  
the hea t - t r ans fe r  c r i s i s  in the cavity of a closed thermosiphon, as well as to establish the theoret ical  r e l a -  
tionship for  the determination of the fill fac tors  for  the cavity of the element with an intermediate  heat e a r -  
t i e r ,  f rom the standpoint of achieving maximum heat loads. 

We use the installation descr ibed in [8] to solve the formulated problems experimental ly.  

The test  stand is based on a thermosiphon element fashioned f rom 1Khl8N9T steel in the fo rm of a 
tube with an inside d iameter  of 30 mm and a cavity volume of 165 cm 3. The heat is fed in and removed 
through the ends of the element.  The thermodynamic state of the heat c a r r i e r  within the cavity was deter -  
mined f rom the averaged readings of three  C h r o m e l - A l u m e l  thermocouples  positioned at the surface of the 
element at the middle c r o s s  section of the cavity.  Adjustment tes ts  demonstra ted excellent agreement  be-  
tween the saturation t empera tu re  determined by this method and the saturat ion p r e s s u r e  for  the intermediate  
heat c a r r i e r  within the cavity of the thermosiphon element.  
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F ig .  1. Spec i f i c  heat  f low (q, W / m  2) and h e a t - t r a n s f e r  
c o e f f i c i e n t s  (K, W / m  2 �9 deg) as  funct ions  of the  a v e r a g e  
t e m p e r a t u r e  (tar, ~ C) of the  heat  c a r r i e r :  1, 2) s p e c i f i c  
heat  f low and h e a t - t r a n s f e r  c o e f f i c i e n t  for  t w = 19 ~ C; 
3, 4) the  s a m e ,  for  t w = 40~ (the heat  c a r r i e r  i s  a m -  
monia ,  and f i l l  fac tor  i s  ~20 = 64.8%, q = 90~ 

During the main test,  the manometer  was not connected to the element cavity.  This made it possible 
to eliminate those e r r o r s  associa ted  with the effect of the additional volume of the manometer  tube and the 
connecting lines. 

The quantity of the heat c a r r i e r  in the cavity was determined by weighing the element p r io r  to and 
following the filling operation.  The weighing operation was co r r ec t  to 0.05 g. To ensure the required heat- 
c a r r i e r  weight and to eliminate the a i r  f rom the cavity, a special  filling procedure  was developed, and this 
was based on the complete filling of the element cavity with liquid subsequently evaporating the excess sub- 
s tance.  

Liquid ammonia was used as the intermediate  heat c a r r i e r  in the basic experiment .  The control  tests  
designed to tes t  the theoret ical  method were  pe r fo rmed  with the cavity of the thermosiphon element filled 
with 96% ethyl alcohol. 

These experiments  showed that the saturat ion t empera tu re  for the heat c a r r i e r  within the cavity in- 
c r ea se s  in conjunction with a r i se  in the heat load through an element par t ia l ly  filled with liquid. 

The charac te r i s t i c  relat ionships between the specific heat loads t ransmi t ted  through the element and 
the hea t - t r ans fe r  coefficient for  one of the liquids filling the cavity (industrial ammonia) and for two t em-  
pe ra tu res  of the cooling water  a re  shown in Fig. 1. 

As we can see f rom the figure, at a cer ta in  saturat ion t empera tu re  for the in termediate  heat c a r r i e r  
the heat t r ans fe r  in the cavi ty element is markedly  impaired and the hea t - t r ans fe r  coefficient is reduced.  
A hea t - t r ans f e r  "c r i s i s"  occurs .  We will subsequently re fe r  to tlfis as the "c r i s i s"  t empera ture .  

At average  t empera tu res  for  the intermediate  heat c a r r i e r  above the c r i s i s  level, the hea t - t r ans fe r  
coefficient diminishes subsequently tending toward a constant value. In the c r i s i s  t empera tu re  region we 
note a disruption of the monotonicity for  the specific heat flow t ransmi t ted  through the thermosiphon ele-  
ment as it re la tes  to the average  t empera tu re  of the intermediate  heat c a r r i e r .  As we can see f rom Fig.  1, 
the c r i s i s  t empera tu re  region extends f rom 10 to 15 ~ C. 

For  more  exact determinat ion of the c r i s i s  tempera ture ,  we util ized graphs showing the t empera tu re  
head over  the entire length of the element cavity as a function of the t empera tu re  at the midsection of the 
cavity (Fig, 2). The construct ion of such graphs made it possible  to determine the c r i s i s  t empera tu res  
with an accuracy  with up to 1-2 ~ C. The nature of the relationship between the t empera tu re  differences 
ac ros s  the remaining segments  of the cavity in the thermosiphon element (the heating side, the cooling side, 
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Fig. 2 Fig. 3 

Fig.  2. Determination of hea t - t r ans fe r  c r i s i s  t empera tu re  (ammo- 
nia, =64.8%; At/, tav OC): 1, 2) t w = 1 9 a n d 4 0  ~176  3) 

t w = 19~ for  q~= 0. 

Fig. 3. Cr is is  t empera tu re  as a function of the fill factor  for  the 
cavity of a thermosiphon element with an intermediate  heat c a r r i e r ;  
1) ammonia;  2) 96% ethyl alcohol; 3) water;  the curves  denote the-  
ory; the points denote experiments .  

the middle portion) and the average  t empera tu re  for  the in termediate  heat c a r r i e r  is s imi la r  to that shown 
in Fig. 2. 

The experiments  to determine the c r i s i s  t empera tu res  were  pe r fo rmed  with the cavity of the the rmo-  
siphon element filled 11 t imes  with ammonia,  at var ious  cool ing-water  t empera tu res  (12 ~ 19 ~ 30 ~ and 
40 ~ C), as well as at var ious  angles of inclination toward the horizontal  onthe par t  of the thermosiphon element 
(90, 59, 45, 30, 15, 5, and 0~ 

According to the experiment (Fig. 2), the change in the t empera tu re  of the cooling water  and in the 
angle of element inclination f rom the ver t ica l  as the heat is supplied f rom below (~o = 90 ~ to the horizontal  
(~o = 0 ~ has no  effect on the magnitude of the c r i s i s  t empera tu re .  Its value is found in direct  relat ion to 
the extent to which the element cavity is filled with the intermediate  heat c a r r i e r .  

The absolute value of the c r i s i s  value for  the specific heat flow depends substantially on the t empera -  
ture  of the cooling water  and may va ry  for  the same filling level (Fig. 1). 

Higher values for  the l imit  heat loads cor respond  to lower t empera tures  for  the cooling water, given 
an identical level of filling. With a constant t empera tu re  for  the cooling water  the magnitude of the maxi-  
mum specific flow t ransmi t ted  through the element depends significantly on the extent to which the cavity 
is filled with the intermediate  heat c a r r i e r .  

The observat ions cited above indicate that the fill hypothesis cannot completely  explain the fac tors  for  
the c r i s i s  in heat t r ans fe r  in a closed evaporation thermosiphon.  Indeed, according to calculations the quan- 
t i ty of heat c a r r i e r  in the fo rm of a f i lm on the inside walls of the channels makes up an insignificant f r ac -  
tion of the total quantity of mater ia l  in the cavity.  

Calculations of the thermodynamic  state of the heat c a r r i e r  in the cavity demonst ra ted  that the basic 
fac tor  responsible  for  the c r i s i s  is the t ransi t ion f rom heat t r ans fe r  in a two-phase medium with a change 
in the aggregate  state to the t r ans fe r  of heat in a s ingle-phase  liquid or vapor  medium. 

The theoret ical  values for  the c r i s i s  t empera tu re  were  determined on the basis  of the specific volume 
for  the intermediate  heat c a r r i e r  at the hea t - t r ans fe r  c r i s i s ,  i . e . ,  

Vo (i) 
Vcrisis- 0 

812 



From the derived values for the specific volumes, the crisis temperatures were determined as points 
located at the upper or lower boundary curves  of the d iagrams of state for the intermediate  heat c a r r i e r s .  

The fill factor  for  the cavity of the thermosiphon element was determined f rom the equation 

6 
f~2o - 1 O0 %. (2) ~gx 

The maximum quantity of heat c a r r i e r  in the element cavity was determined f rom the relationship 

_ _  0 
G2%~ V 

- - w -  - ( 3 )  

vzo 

The theoret ical  and experimental  values of the c r i s i s  t empera tures ,  depending on the extent to which 
the thermosiphon element cavity is filled with ammonia,  a re  shown in Fig. 3 (curve 1). The theoret ical  
and experimental  quantities a re  in good agreement .  

The grea tes t  magnitude for  the c r i s i s  t empera tu re  is noted at a cr i t ica l  fill factor .  In this case  the 
c r i t ica l  quantity of heat c a r r i e r  can be calculated f rom the equation 

Gc r = V_ o . (4) 
['cr 

Under the above-indicated conditions, the crisis temperature coincides with the temperature that is 
critieal for the heat carrier under consideration. In the case of ammonia, the theoretical critical fill fac- 
tor amounts to 38.4%. 

Figure  3 also makes it possible  for  us to establish the region of optimum fill fac tors  for the cavity 
of the evaporation thermosiphon element when liquid industrial  ammonia is used as the intermediate  heat 
c a r r i e r .  This region covers  fill fac tors  f rom 25 to 50%. 

Since we note a l inear  relationship between the specific heat flow and the saturation t empera tn re  at 
a constant  cool ing-water  tempera ture ,  the maximum magnitude of the specific heat flow will occur  when the 
cavity is filled to the c r i t ica l  level with the intermediate  heat c a r r i e r .  

The theoret ical  values of the c r i s i s  t empera tu res  for  the var ious  fill fac tors  of the cavity in the case  
of 96% ethyl alcohol are  shown in Fig. 3 (curve 2). Here we also find the magnitude of the c r i s i s  t empera -  
ture  determined experimental ly  for  a fill factor  of 21.8%. 

Where the cavity is filled with the heat c a r r i e r  to a fac tor  of the cr i t ical  - determined f rom (4) - the 
t ransi t ion through the c r i s i s  t empera tu re  leads to the filling of the cavity with the liquid phase at a com-  
para t ive ly  low coefficient of compress ibi l i ty ,  which resul ts  in a pronounced increase  in the p r e s s u r e  within 
the cavity of the thermosiphon element.  This phenomenon may be responsible  for  the rupture  of the heat-  
t r ansmiss ion  tube. 

Transi t ion through the c r i s i s  t empera tu re  when the fill factor  is below the cr i t ica l  causes  the cavity 
to be filled with the heat  c a r r i e r  in a vapor  state, and the c a r r i e r  is subsequently heated. Since the gas 
and vapor  compress ion  rat io is high, the p r e s s u r e  r i se  within the cavi ty will be insignificant and it is only 
the pronounced increase  in the t empera tu re  in the wall on the heating side that r epresen t s  a danger to the 
thermosiphon element.  

The theoret ical  c r i t ica l  fill fac tors  are  33.4% for ethyl alcohol and 31.5% for water .  Thus the 
recommendat ions  in the l i te ra ture  which call for  the filling of 1/3 of the volume of the thermosiphon element 
cavity with water  a re  within the limits of the optimum fill factors ,  but slightly above the cr i t ical  values.  

When the cavi ty of the hea t - t r ansmiss ion  tube is filled with a "margin ,"  the element may rupture when 
the t empera tu re  of the tube r i se s  above the c r i s i s  level. According to Fig. 3, the g rea t e r  this "margin ,"  
the lower the value of the c r i s i s  t empera tu re  and, consequently, the lower the magnitude of the permiss ib le  
working t empera tu re  for  the operation of thermosiphon elements.  

In connection with the above, the recommended  cofaetors  for  the element cavit ies in the case  of in ter -  
mediate heat c a r r i e r s  must  be f rom 2 to 10% below the cr i t ica l .  For  water  this amounts to 20-30% (Fig. 3, 
curve  3). 
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NOTATION 

is the specif ic  volume of the in te rmedia te  heat  c a r r i e r  at the h e a t - t r a n s f e r  c r i s i s ;  
is  the phys ica l  vo lume of the the rmos iphon  e lement  cavity;  
is the weight of the in te rmedia te  heat  c a r r i e r  in the e lement  cavity;  
is  the m a x i m u m  poss ib le  quantity of heat  c a r r i e r  in the e lement  cavi ty  at 20 ~ C; 
is the specif ic  vo lume of the liquid in t e rmed ia te  heat c a r r i e r  at 20 ~ C; 
is the specif ic  h e a t - c a r r i e r  vo lume at the c r i t i ca l  point.  
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