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The cooling regime of a reactor in emergency shutdown of the 
circulating pumps is studied on a type MN-7 electronic model and 
on a model with electrical heating of a fuel element assembly. 

In the normal  working of the t he rma l  r e s e a r c h  
r e a c t o r  the coolant c i r cu la t e s  downwards, so that in 
emergency shutdown of the c i rcula t ing  pumps the 
active zone wil l  be cooled by a convective flow of 
wate r  only when, on account of the r e s idua l  heating 
in the active zone, the d i rec t ion  of motion of coolant 
changes and se t t l es  to a r i s ing  convective flow. In 
this case,  the instantaneous value of the d i rec t iona l  
veloci ty of the wate r  wil l  at some moment be zero .  

It is natural ,  therefore ,  to consider  the t e m p e r a -  
ture  reg ime  of the fuel e lement  a s sembly  from the 
point of view of a c r i t i c a l  heat exchange si tuation.  
Fo r  this case,  it  is  n e c e s s a r y  to obtain an upper  e s t i -  
mate of the t empe ra tu r e  of the wall of the fuel e lement  
assembly .  Such an approach to the solution of the 
problem essen t ia l ly  pe rmi t s  the s impl i f ica t ion of 
the method of finding these e s t ima tes .  F i r s t  of all,  
the p roces se s  in the active zone may be considered 
in an e lementa ry  approximation,  i . e . ,  without taking 
account of the spat ia l  dependence of the bas ic  v a r i -  
ables ,  wr i t ing  the basic  equation for a volume e l e -  
ment  as the equation for the total  der iva t ive  and 
choosing the ini t ia l  conditions for the most  highly 
ra ted  volume element  in the active zone. 

Then, for a region with the c ros s  sect ion shown 
in Fig.  1 and length equal to the channel height, the 
total  sys tem of dif ferent ia l  equations descr ib ing  the 
t r ans ien t  p rocess  brought abou~ by emergency  shut-  
down of the c i rcula t ing  pumps may be wri t ten in the 
form 
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As the pumps a re  lost,  so the quantity of wate r  
avai lable  for heat removal  changes.  The change in 
water  veloci ty is  desc r ibed  by (7). At the moment of 
t r ipping,  the emergency protect ion sys tem injects  
negative reac t iv i ty  as de termined in (1) by movement 
of the emergency rods ,  in (7) by movement of wate r  
in the channel and also the dependence of rod efficiency 
on i ts  movement (2). The power drops as in (3) and 
(4). 

The heat balance and heat emiss ion  equations, (5) 
and (6), give the re la t ionship  between the mean wall  
t empera tu re ,  the mean coolant t empera tu re  and the 
generated and ex t rac ted  powers.  The power drop 
equations consider  one group of delayed neutrons.  

Numer ica l  values of the coefficients in (1)-(7) 
a re  chosen on the bas is  of ra t ional  considera t ions ,  
always taking into account the need to obtain an upper  
es t imate  of the t empera tu re .  

As a f i r s t  step, (1)-(7) were  solved on a nonlinear 
e lec t ronic  model type Mn-7, working in the integrat ing 
r eg ime .  The following assumptions  were  introduced: 

1) The /3 -  and T- ray  power was taken as constant 
and equal to 7% of the nominal r e a c t o r  power.  

2) The efficiency of the emergency rods was 
chosen minimal  f rom the point of view of safety,  and 
equal to 2%. 

3) the effect of the t empera tu re  coefficient of 
reac t iv i ty  was ignored.  

The bas ic  conclusion from the resu l t s  obtained 
at this  s tage may be expressed  as follows to dec rea se  
the the rmal  s t r e s s  acting on the fuel e lement  a s -  
sembly owing to the delay in shutting down the r e -  
ac tor  af ter  the c i rcula t ing pumps stop, it is  neces -  
s a ry  to reduce as far  as poss ible  the delay in the 
emergency protect ion,  %. 

By compar ing the curves  of Fig.  2 is  is  seen that 
the ini t ia l  r i s e  in t empera tu re  is  substant ia l ly  r e -  
duced by decreas ing  r 0 f rom 0.8 to 0.1 sec. The 
exist ing technical  poss ib i l i t i e s  enable the emergency 
protect ion sys tem to be made sufficiently effective 
and quick-act ing.  This conclusion pe rmi t s  the second 
s tage of the study to be considered.  

Since the drop in power at  the moment of t r ipping 
of the emergency protect ion is de termined by the 
efficiency and speed of action of the la t te r ,  and a f t e r -  
wards  is desc r ibed  as a s lowly-decreas ing  function, 
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Fig.  1. C r o s s  sec t ion  of fuel e l e m e n t  
a s s e m b l y :  1) fuel;  2) wa te r ;  3) c r o s s  
sec t ion  of modeled  e l emen t  of fuel 
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Fig.  2. Change in t e m p e r a t u r e  of fuel 
e l e m e n t  a s s e m b l y  for v a r i o u s  de l ays  
of the e m e r g e n c y  p ro tec t ion  sy s t e m:  
1) coolan t  ve loc i ty  W(T); 2, 3, 4) wa l l  
t e m p e r a t u r e  (~ for  -r 0 = 0.1, 0.3 and 

0.8 see ,  r e s p e c t i v e l y .  
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Fig.  3, P r i n c i p a l  s cheme  of the stand: 
1) tank; 2) work ing  sect ion;  3) c i r c u l a -  
t ion sy s t em;  4) e l e c t r i c a l  heat ing of 
w a t e r  in the loop; 5) power  t r a n s f o r m e r .  
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Fig.  4. Change of fuel e l e m e n t  a s s e m b l y  
wal l  t e m p e r a t u r e  for  q = 349 j o u l e s / m  2 
sec:  1) e l e c t r i c a l  model ;  2) t h e r m a l s t a n d ;  

tin ~ C, T insec. 
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for sufficiently rapid emergency protection it may 
be assumed that the decrease  in power with time of 
tripping of the emergency protection and the reduc-  
tion in flow through the active zone are  such that 
there is essentially no change in the temperature of 
the fuel element walls after tripping of the emergency 
protection (Fig. 2}. In connection with the fact that 
the subsequent change in power is slow (dependent 
on the delayed neutron sources} the power may be 
taken as constant. Hence, assuming sufficiently 
rapid protection, the problem may be studied for 
the specified condition modeled on reverse  coolant 
circulation with constant heat generation and with the 
condition tc[r= 0 = tc nom. 

In this case, we f i rs t  obtain an upper estimate of 
the temperature  of the fuel element assembly wall. 
This new assumption permits  a description of the 
problem in (5)-(7} taking account of the dependence 
of the heat t ransfer  coefficient for convective flow 
of water (~ = 39 p0.6 .At2.33) [7] and the choice of the 
initial conditions as calculated nominal temperatures .  

In our case, the pressure  in the active zone is 
1.67 �9 105 N/m 2, ts = 113 ~ C. 

The problem was solved by modeling on the MN-7 
and on a model element of the fuel element assembly 
(Fig. I, 3) in a special thermal hydraulic stand (Fig. 
3). 

The maximum power which may be dissipated 
with transformers is 50 kW. Assuming that the 
maximum heat flux for the operating reactor at 
nominal power is no more than 700 joules/m 2 . see. 
two parallel plates of stainless steel were substituted 
for the fuel element in the stand (Fig. i)to achieve 
such a heat flux. All the dimensions of the plates, 
except their thickness, corresponded to the dimen- 
sions of the element of the fuel element assembly. 

The thickness of the plates was chosen to be 1 mm 
for a 3.3 mm thick plate in the fuel element assembly. 
The working plates were contained in a demountable 

case, such that the hydraulic properties of the model 
coincided with those of the particular part of the 

fuel element assembly.  
The tank, in which the working par t  was placed, 

was modeled on the thermal r e sea rch  reac tor  tank. 
Its dimensions guaranteed constant water temperature 
at the inlet to the working section for a time exceed- 
ing tl~ ~ ~uration of the studied transient.  

The temperatures  of the plates in the middle at a 
high point were measurecI by low-gauge chromel-  
alumel abraded thermocouples connected to a loop 
oscillograph OT-24 with a special fi l ter with time 
constant Tf = 0.3 sec. This value of Tf is sufficiently 
low for the effect of the filter on the studied transient  
to be neglected. In addition to the temperature of 
the plates, the following parameters  were measured: 
water temperatures  at inlet and outlet of the working 
section, power generated in the working section, 
and water flow. 

The studies were made for heat fl~L~es of 167, 279, 
349, and 524 joules /m z see. After the experi~r.ent, 
the plates were examined and no indications of boiling 
cr i s i s  were found. 

Comparison of the results  obtained on the stand 
and on the MN-7 model showed that the values of 
temperature f rom the latter were higher than those 
from the stand, even in the case when the value of 
the initial conditions in the stand was higher than in 
the model. Figure 4 shows curves of the change of 
temperature  of the working plates for the stand and 
for the model at a heat flux of 349 joules /m 2 �9 sec. 

To compare these curves, it should be remembered  
that the e r r o r  of the model solution of (5)-(7) is 107o, 
and the e r ro r  of the measured temperature  in the 
stand is about 2% of the maximum value of the func- 
tion. 

Analysis of the results  shows that with heat fluxes 
of 167 joules/m 2 �9 sec, and above, bubbling of the 
cooling water boils up if the circulating pumps fail. 
With increase in heat flux, the intensity of boiling 
increases,  but up to a heat flux of 524 joules /m 2 �9 sec 
nucleate boiling pers is ts .  Hence, an emergency, 
given sufficiently rapid and effective protection, does 
not present a hazard from the point of view of a 
heat t ransfer  cr is is  in the reac tor  fuel element as-  
sembly, although reversa l  of coolant circulation 
occurs.  Thus, it is not necessary  to create special 
emergency cooling systems,  and the reac tor  tank can 
be used for cooling in unforseen shutdowns of the 
circulating pumps. 

NOTATION 

--emergency control rod movement; r - - t ime;  
mR--rod mass;  m0--sum of reduced mass of movable 
part  of drive and mass  of control rod; W('r)--velocity 
of water in fuel element assembly; C•  co-  
efficient of rod; SR--rod cross  section; 7w--water 
density; mwr- -mass  of water in rod volume; FB--rod 
driving force; H--coefficient of resistance;  5K-- re-  
activity; Qn--power; fl--delayed neutron fraction; 
/--mean life of neutrons; k--mean decay constant of 
delayed neutron source; Q c - p o w e r  due to fissions 
produced by delayed neutrons; SN--power per unit 
time due to independent neutron source; ts--saturat ion 
temperature;  tc--wall temperature;  me- -mass  of 
element of fuel element assembly; Ce--speciflc heat 
of mater ia l  of fuel element assembly; 0.07Qn(0 } -  
power due to residual 7-radiation; Gw--water flow 
rate; Cw--specifie heat of water;  t l --water tempera-  
ture at channel inlet; t~--water temperature at chan- 
nel outlet; mwc--mass  of water in a channel; h-- 
channel height; a - -hea t  transfe r coefficient; S--per-  
imeter  of working channel; V - - a r e a  of cross  section 
of channel containing water; e - - temperature  coefficient 
of convective force; ~0--delay of emergency protection 
system; q~heat  flux: 
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