
L O W - T E M P E R A T U R E  V E R T I C A L  C H A N N E L S  O F  

T H E  I R T - 2 0 0 0  R E A C T O R  

L .  A .  V a d a c h k o r i y a ,  D z h .  G .  K a t s i t a d z e ,  
S h .  A .  M u m l a d z e ,  I .  A.  N a s k i d a s h v i l i ,  
G .  P .  T a v k h e l i d z e ,  L .  S.  T o p c h y a n ,  
a n d  A .  A .  C h i p a s h v i l i  

UDC 621.039.5/6 

Two types of l o w - t e m p e r a t u r e  ve r t i ca l  channels a r e  descr ibed ,  of the IRT-2000 r e a c t o r  with 
c i rcula t ing hel ium as the heat  t r a n s f e r  agent and liquid ni t rogen as  r e f r ige ran t ,  designed for  
in t ra -channel  invest igat ions of the phys ico -mechan ica I  p r o p e r t i e s  of m a t e r i a l s  at l o w - t e m -  
p e r a t u r e s  during i r rad ia t ion .  

When invest igat ing the kinet ics  of genera t ion of radia t ion defects in sol ids ,  i r rad ia t ion  of the s amp le s  
being studied at low t e m p e r a t u r e s  is of paramount  impor tance ,  when s t ruc tu ra l  defects  which have  o r ig i -  
nated as a r e su l t  of i r rad ia t ion  a r e  re la t ive ly  fixed [1, 2]. For  this purpose ,  the i r rad ia t ion  of s amp le s  
usual ly  is c a r r i e d  out at liquid ni t rogen,  neon, hydrogen or  hel ium t e m p e r a t u r e s .  Because  of this ,  it is 
becoming n e c e s s a r y  to equip r e s e a r c h  r e a c t o r s  with l o w - t e m p e r a t u r e  channels;  in so doing, in addition to 
the usual  l o w - t e m p e r a t u r e  p rob l ems ,  additional difficult ies a r i se ,  a s soc ia ted  with heat ing f rom the r ad i a -  
tion which pene t ra tes  the s ample s ,  the m e a s u r e m e n t  s enso r s  and units of the equipment,  and a lso  with the 
specif ic  cha r ac t e r i s t i c s  of i n t r a r e a c t o r  invest igat ions of the p rope r t i e s  of a solid.  

The mos t  widely used  method of cooling the s amp le s  being inves t igated and i r r ad ia t ed  in the r e a c t o r  
channels and also the m e a s u r e m e n t  s e n s o r s ,  is cooling by means  of a c i rcula t ing gaseous  coolant.  Fac i l i -  
t ies  operat ing on this method a r e  a c losed c i rcui t ,  in which the c i rcula t ing h e a t - t r a n s f e r  agent,  cooled by 
a liquid r e f r i g e r a n t  outside the i r rad ia t ion  zone, cools the object being studied in the i r rad ia t ion  zone. At 
p resen t ,  t he re  a r e  faci l i t ies  with na tura l  c i rcula t ion of the h e a t - t r a n s f e r  agent [3, 4] and a lso  with forced 
c i rcula t ion of the h e a t - t r a n s f e r  agent [5, 6, 7]. It should be noted that in ce r ta in  faci l i t ies ,  the c i rcula t ing 
h e a t - t r a n s f e r  agent during cooling is condensed and pa s se s  into the liquid s t a te  in the i r rad ia t ion  zone [3, 
4, 5]. 

Gases  with a low neutron absorpt ion  c r o s s - s e c t i o n ,  low eros ion  and co r ros ion  act ivi ty r e la t ive  to 
s t ruc tu ra l  m a t e r i a l s  and with high the rmophys ica l  p rope r t i e s  a r e  used  as h e a t - t r a n s f e r  agents .  One hea t -  
t r a n s f e r  agent which sa t i s f i es  these  r equ i r emen t s  is hel ium, although in individual cases  neon and n i t rogen 
a r e  used.  

In 1964, in the nuc lear  r e a c t o r  of the Inst i tute of Phys ics  of the Be lo russ i an  SS1R, a l o w - t e m p e r a t u r e  
ve r t i ca l  loop was constructed,  des igned as the bas i s  for  intrachannel  invest igat ions of the mechanica l  
p r o p e r t i e s  of m a t e r i a l s  ove r  the t e m p e r a t u r e  range  f rom liquid ni t rogen to room t e m p e r a t u r e .  Helium is 
used h e r e  as the h e a t - t r a n s f e r  agent and liquid technical  ni t rogen as the r e f r i g e r a n t .  The channe l - c ryos t a t  
of this facil i ty,  with a length of 7.5 m,  has  a working chamber  with a d i ame te r  of 70 ram, cooled in the i r -  
radiat ion zone to a height of 1 m.  F igure  1 shows a schemat ic  d iagram of this faci l i ty .  

The hel ium,  which is c i rcu la ted  by means  of the m e m b r a n e  c o m p r e s s o r  1 (MK-10/6,  with an output 
of 10 m3/h), pa s s e s  d i rec t ly  through the counter - f low hea t - exchanger  2 and the coil hea t - exchanger  3 lo- 
cated in a bath of liquid ni t rogen.  The hel ium,  cooled to 80~ reaches  the working chamber  6 through the 
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Fig. 1. Schematic  d i ag ram of the f i r s t  type of fac i l -  
ity: 1) c o m p r e s s o r ;  2) counter - f low hea t -exchanger ;  
3) r e f r i g e r a t o r ;  4, 5) feed pipes;  6) working chamber ;  
7) sample ;  8) m e a s u r e m e n t  sensor ;  9, 10) outlet 
p ipes;  11)valve;  12} f lowmeter ;  13) gas -ho lde r ;  14) 
Dewar  flask; 15) overflow; 16) r e a c t o r  channel; 17) 
loading channel; 18) radia t ion shielding block; 19) 
radia t ion  shield plug; 20) act ive  zone. 

feed tubes 4 and 5. On pass ing  through the working chambe r ,  the hel ium cools i ts  wai ls ,  the sample  7 and 
the m e a s u r e m e n t  s ens o r  8, thus reducing the intensity of heating f r o m  the penet ra t ing  radiat ion.  F r o m  
the working cha m be r ,  the he l ium re tu rns  to the c o m p r e s s o r  through the outlet  pipes 9 and 10 and the heat  
exchanger .  The change of t e m p e r a t u r e  of the sample  f r o m  the low t e m p e r a t u r e  produced to room t e m p e r -  
a ture  produces  a change in the feed ra te  of the c i rcu la t ing  hel ium.  The change and control  of  the feed ra te  
of the hel ium is effected by means  of the bypass  va lves  11 and the f lowmete r  12. 

In the c i r cu la to ry  s y s t em ,  the hel ium s t a r t s  f rom the gasholder  13 which, during operat ion,  s e r v e s  
as a buffer  tank and, f rom the Dewar  f lask 14 through the overf low 15, liquid ni t rogen is fed into the bath 
according  to r equ i r emen t .  The a luminum channel of the r e a c t o r  16 s e r v e s  as a vacuum jacket  channel-  
c ryos t a t  and the channel 17 s e r v e s  for  loading the s amp le  and m e a s u r e m e n t  s enso r  into the working cham-  
be r .  The block 18 and plug 19 prevent  the penet ra t ion  of radia t ion into the r e a c t o r  room.  The thin-walled 
working chamber  and conduits a r e  made of s ta in less  s teel  and the hea t - exchange r  e lements  of the cooling 
s y s t e m  a re  of copper .  

A facil i ty of this design has been opera ted  success fu l ly  over  s e v e r a l  y e a r s  under conditions when 
the channe l - c ryos t a t  p a s s e s  tangential ly  to the act ive  zone, where  the ave r age  unit intensi ty of heating 
f rom the radia t ion pene t ra t ing  the working chamber  did not exceed 0.05 W/g.  Under these  conditions, the 
s amp le s  were  cooled to 85-100~ depending on the total  m a s s  of the object  being i r r ad ia ted  and the inten- 
s i ty  of the radiat ion.  

Subsequently, when the channe l - c ryos t a t  was posi t ioned in the act ive  zone, where  the intensi ty of 
the radia t ion heating in the working chamber  with a r e a c t o r  power  of 1 MW, was increased  to 0.2 to 0.3 
W/g, these facilities were found to be of little use because of the low efficiency of cooling of the sample 
-- the sample temperature, on the average, was increased by 50 ~ 
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Fig. 2. Schematic  d iagram of the second type of fa-  
cili ty: 1) r e a c t o r  channel; 2) working chamber ;  3) 
heat  exchanger;  4) act ive  zone; 5) radiat ion shielding 
block; 6) loading channel; 7) sample ;  8) m e a s u r e -  
ment  sensor ;  9) radiat ion shield plug; 10) feed pipe; 
11) outlet pipe; 12) c o m p r e s s o r ;  13) gas -ho lde r ;  14) 
conduits;  15)va lve ;  16) f lowmete r ;  17)Dewar  flask;  
18) overflow; 19)pump;  20)conduit ;  21)va lve ;  22) 
f lowmeter ;  23) overflow. 

The s amp l e  cooling efficiency is de te rmined  by the p e r f o r m a n c e s  of the cooling sys t em,  the flow- 
r a t e  and specif ic  heat  of the h e a t - t r a n s f e r  agent,  the heat  flux external ly  through the heat  insulation into 
the feed pipes and the working chamber ,  the intensi ty and the spec t rum of the heat ing f rom the penet ra t ing  
radiat ion,  the m a s s  dis t r ibut ion of the object  being studied and e lements  of the faci l i ty  in the i r rad ia t ion  
zone and in the c i rcu la t ing  coolant flow, etc.  

In o rder  to i n c r e a s e  the sample  cooling efficiency and make  poss ib le  a t e m p e r a t u r e  change over  the 
range  f rom low to room t e m p e r a t u r e ,  by vary ing  the flow of liquid ni t rogen at a constant flow r a t e  of the 
c i rcula t ing hel ium (the neces s i ty  for  which a r i s e s  during operat ion by a single c o m p r e s s o r  of a line of 
s eve ra l  instal lat ions) ,  in 1969 a new faci l i ty  was developed in the r e a c t o r  of the Inst i tute  of Phys ics  of the 
Academy of Sciences,  Be lo rus s i an  SSR; the schemat ic  d i ag ram of this faci l i ty is shown in Fig. 2. 

In the r e a c t o r  channel 1, the working chamber  2 and the heat  exchanger  3 in which the comple te  cycle  
of cooling of the c i rcula t ing  hel ium takes  place ,  a r e  a r r anged  in such a way that  the working chamber  is 
located in the act ive  zone 4, and the heat  exchanger  is  shielded f rom radia t ion by the block 5. Jus t  as in 
the previous  case ,  the channel 6 s e r v e s  for  loading the sample  7 with the m e a s u r e m e n t  s enso r  8 into the 
working chamber  and the plug of the radia t ion shield 9 c loses  the channel 6. 

By placing the cooling s y s t e m  in the channe l -c ryos ta t ,  the path of movemen t  of the cooling hel ium up 
to entry  into the working chamber  was found to be cons iderably  shor tened.  This,  in i ts  turn,  defined the 
reduct ion of heat ing of the hel ium on reaching  the sample  and, as the final resu l t ,  a lso  the i nc r ea se  of its 
cooling eff iciency.  

The feed pipes 10 a r e  jointed to the working chamber  at the level  of the cen te r  of the act ive  zone, 
opposi te  f rom the s am p l e  posit ion,  and to the heat  exchanger  -- at its cooles t  pa r t  and at the level  of the 
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TABLE 1. Dependence of Sample Tempera tu re  on Reac tor  Power,  
in Both Types of Facili ty (Unit intensity of radiation heating is 0.2 
W/g at a r eac to r  power of 1 MW; total weight of sample with sen-  
sor  is 325 g; flow ra te  of circulating helium 0.25 g /sec)  

Reactor power, MW 0 200 400 600 800 

Temperature of sample in facility of 
first type, ~ K of 89,2 

Temperature of sample in facility 
second type, ~ K 84,4 

100,5 

8727 

112,3 

91,I 

124,5 

94,8 

137,2 

98,6 

liquid nitrogen input. The outlet tube 11 f rom the working chamber  is connected with two openings at its 
upper and lower ends and with the heat exchanger --  at the point of the corresponding t empera tu re  level 
for utilizing the residual  cold of the circulat ing helium r e v e r s e  flow. 

This defined the efficiency inc rease  of the sample  cooling, due to cooling initially of the sample by 
the circulat ing helium and then the walls of the chamber  and the elements of the measuremen t  sensor .  
Here, the sample  is found to be at the coldest and most  intensely i r radia ted  par t  of the working chamber.  

The forced helium c i rcu la tory  sys tem of this facility also consists  of the c o m p r e s s o r  12 and gas-  
holder  13, connected to the pipelines 14, valve 15 and f lowmeter  16. 

This facility is provided with the possibi l i ty for varying the t empera tu re  of the sample  by varying 
the liquid nitrogen feed. The liquid nitrogen feed sys tem compr i ses  the Dewar flask 17, connected to the 
channel -cryos ta t  by the overflow 18 and the pump 19 for pumping out ni trogen vapor f rom the heat exchanger 
connected to the channe l -c ryos ta t  by the pipeline 20. Here,  during operat ions,  the liquid nitrogen is fed 
direct ly  into the heat exchanger  and, if necessa ry ,  its supply is var ied and controlled by the valve 21 and 
the f lowmeter  22. The overflow 23 se rves  to fill the flask 17 with liquid nitrogen, according to requi re -  
ments .  

Tables 1 and 2 show the t empera tu re  dependence of the sample on the r eac to r  power in both facil i-  
t ies .  These data have been taken under working conditions, when experiments  were being ca r r i ed  out in 

the facil i t ies.  

Identical samples  with sensors  were loaded into the channeI-cryos ta t s  of both facili t ies,  which were 
under identical conditions of irradiation and with an average intensity of heating from penetrating radiation 
at a reactor power of 1 MW in the working chamber of 0.2 W/g. The weight of the sample was 66g and the 
total weight of the sample with ser,~or was 325 g. The temperature was measured by attaching copper- 
constantan thermoeouples to the samples. The helium, circulating from a single MK 10/6 compressor, 
passed through both facilities in succession, which ensured identical flow-rates of the heat-transfer agent 
in them. The helium flow rate was constant during the entire experiment and amounted to 5 ma/h (0.25 
g/sec). The data given in Table 1 were obtained during i00 hours of irradiation. 

It is obvious that the difference between the sample temperatures (4.8~ in these facilities with zero 
reactor power, is determined by the greater amount of heating of the cooled helium in the feed pipes of the 
first facility than in the second facility because of their greater length. Further increase of the difference 
between the sample temperatures with increase of the reactor power is determined increasingly by the in- 
c reased  heating of the walls of the working chamber  by penetrat ing radiation and the elements of the mea-  
sured sensor  which cool the circulat ing helium in the f i rs t  facility before reaching the sample,  

TABLE 2. Dependence of Sample Tempera tu re  on Reac-  
tor  Power in a Faci l i ty  of the Second Type (Unit intensity 
of radiation heating 0.2 W/g  at a r eac to r  power of 1 MW; 
total weight of sample with sensor  2 kg; flow ra te  of 
circulat ing helium 0.375 g /sec)  

Reactor power, MW o I,O 1,5 ~,o 

Sample temperature, ~ K 104,5 109 118 5 83,2 
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At the end of the exper iment ,  a smooth change of sample  t empera tu re  f rom 98.6 to 270~ was ob- 
tained in the second facil i ty and converse ly  during i r radia t ion  by changing the liquid ni trogen flow ra te  
f rom 8 to 0.5 l i t e r /h  and conver se ly .  

Table 2 shows the t empe ra tu r e  dependence of the sample on the r eac to r  power,  taken in the second 
facili ty in an exper iment  with a bulky measuremen t  sensor  -- an apparatus for  s t re tching mic rosamples  
[8]. Eight samples were  mounted in the drum of the sensor  and the i r  total weight, together  with the drum, 
amounted to 40 g; the total  weight of the measu remen t  sensor  with samples was 2 kg. The t empera tu re  
was measu red  with a copper-cons tantan  thermocouple  attached to the drum.  The f low-ra te  of the c i rcu la -  
ting helium during a 50-hour i r radia t ion  was constant and amounted to 7.5 m3/h (0.375 g / sec ) .  

The resu l t s  of operating these  facil i t ies show that they can be used for intrachannel investigations of 
the physico-mechanical  p roper t i e s  of mate r ia l s  at low t empera tu res  during i r radia t ion .  It should be noted, 
however,  that facil i t ies of the second type a re  cha rac te r i zed  by a higher  sample  cooling efficiency and make 
it possible to va ry  the sample  t empera tu re ,  both by varying the f low-ra te  of the circulat ing h ea t - t r an s f e r  
agent and also the f low-ra te  of the liquid r e f r ige ran t  -- when possible,  p r e f e r en ce  should be given to it, 
especial ly  in the case  of high the rma l  loadings and for operat ion on a single c o m p r e s s o r  line of severa l  
faci l i t ies .  
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