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The possibility of using MNB-1 and MNB-7 computers with special attachments to investigate the dynamics 
of nuclear power systems is examined. 

Analog computers are finding wide application in relation to planning and research problems, especially those con- 
cerning automatic control systems. Though inferior in accuracy to digital computers, analog computers (AC) offer a 
rapid and convenient pictttte of the investigated process with an accuracy sufficient for practical purposes. The error of 
solution on an AC does not exceed 10%, and depends to a large extent on the nature of the system of differential equa- 
tions being modeled. The use of an AC is fully justified in cases when the input data describing some system or other 
are known to an accuracy commensurate with the solution. 

Commercial  AC's of the MNB-t type have been used successfully to investigate the dynamics of nuclear power 

systems. The MNB-1 permits the solution of a nonlinear system of differential equations up to the 12th order, with non- 
linearities up to 12 in number (4 multiplier  units and 8 dependent-function units, of which 4 are based on electromechan- 

ieal  slave systems). There are, moreover, 4 units for reproducing relations of the "backlash" and "relay characteristic" 

type. The number of constant coefficients which can be set up separately to three figures is 32. The operational ampli-  
fiers have an autostabilized zero level, and consequently low output drift (not exceeding 15 to 20 mv per 100 sec in the 

integrating regime for RC-1). The amplifier frequency response as an inverter is linear to 1,000-1,100 cps. The in-  

tegrating and summing accuracy is 0.8%, and I to 1.8% in nonlinear operations. Two MNB-1 machines may be oper- 

ated in conjunction. The power supply is an electronical ly stabilized ECV-2m rectifier. 

Since nuclear energy factors are described by high-order systems of differential equations, it is necessary to use 
several AC's in parallel,  which is quite simply accomplished, even with machines of different types. Also, the re- 

sources available may be substantially augmented by using independent attachments, simulating individual elements of 

the system. In particular, it is desirable and convenient to have a simulator for the reactor itself [ 1, 2, 3, 6]. 

The variation of neutron density with t ime in a reactor in 6-group theory is described by the following equations: 
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In a reactor with thermal neutrons from I~ 35, the only variable parameter in (1) is the quantity l . It is therefore 

expedient to simulate (1) with a system also containing a min imum number of variable parameters. 

The authors used the scheme shown in Fig. 1, which is a variant of the simulator described in [ 6]. Although not 

optimized as regards number of operational amplifiers, this scheme is very convenient to use. The equations for c i are 

simulated using both active elements - amplifiers YI-Y4, and passive elements - circuits R1C 1 and R2C 2. The use of 
these circuits permits some reduction in the number of amplifiers in the system. The only variable parameters in the 

system are the resistors 1t 6, RT, proportional respectively to 1/l and Mzkk/l . In some reactor kinetics simulator schemes 
with varying l , the capacity of the condenser has to be changed, which is less convenient than changing the resistor. 

Resistors R3, E 4, R s form the usual scheme of setting ini t ial  conditions. The scales for c i are so chosen as to set up 
ini t ial  conditions on amplifiers Y1-Y4 automatical ly,  in accordance with n(0). The derivative dn/dt may enter into the 

heat transfer equation. The simulator scheme given is convenient in that we have a voltage proportional to mdn/dt  at 

the output of amplifier Y6. Power is supplied to the circuit by an ECV-6 unit. The control system (not shown in Fig. 1) 

ensures operation in parallel  with the MNB-1. The solution may be carried througl ! either in real t ime or slowed down 

by a factor of 5, this being accomplished by connecting the auxiliary condensers C[-C~ to condensers C1-C v, respec- 

t ively. 

An MNB-1 and reactor simulator were used to determine the stability of an installation with natural circulation of 

heat-transfer agent (water), including both positive and negative temperature feedback. Only the problem of stability 

of the reactor itself, without the control and power sections, was examined.  A statement of the problem, the assump- 

tions, and the derivation of the equations have been given in [2] .  In the simplest case, omitting hydrodynamic and 

thermodynamic effects, the system of equations describing heat tranafer in the reactor has the form 
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To determine the s tabi l i ty  of the system, ampl i tude-f requency and phase-frequency characterist ics were plot ted.  
The frequency characterist ics of the reactor were plot ted for various power levels by feeding in a r eac t iv i ty  perturbation 
Akp = 10 -4 sin cot and measuring the osci l lat ion ampli tude and phase shift for a number of values of co. From the results 
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Fig. 1. Diagram of reactor s imulator .  
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Fig. 2. Ampl i tude-f requency reactor character -  
istics with temperature feedback: 
Akp = 10 -4 sincot, w 0 = 1.256 sec-1 

we were able to define the most unfavorable range of frequency 
of external  perturbations of the system studied (Fig. 2), and to 
make recommendat ions for design. 

Determinat ion of s tabi l i ty  by e lec t r i ca l  s imulat ion meth-  
ods is par t icular ly  useful when a high-order system of differ-  
en t ia l  equations is involved and ana ly t ica l  investigation is 
laborious for l inear systems and impossible for nonlinear.  The 
system (2) above is a special  case. An investigation of s tab i l -  
i ty was carried out on MNB-1 machines for a more comple te  

representation of the system, taking into account hydrodynamic and thermodynamic  effects.  In this case unsteady heat  
transfer in the reactor was described by a system of differential  equations of the 18th order. 

To assess the error involved in solving l inear  systems on an MNB-1, the problem of determining the isotopic com-  
posit ion of a fuel e lement  of the No. I Atomic Power Station was solved, and the results compared with theory and 
published exper imenta l  data [4 ] .  The system of equations for isotopic composit ion has the form: 

dz~ dz~ --bnzl; - - = b 2 1 z 2 + b ~ 2 ;  
ds ds 

dz---A-3 =b31z3 ~- b32z2, d z~  -=b41z4-}- baiza. 
ds ds 

(3) 

The constants of systems (1), (2), and (3) were taken from the data of [5 ] .  The computer  solution of (3) is given 
in Fig. 3. The data obtained for 12.5% burn-up differ by less than 1.5% from ca lcu la ted  values given in [4 ] .  The 

solution of more complex  l inear  systems involves greater errors, but these do not usually exceed a few percent .  
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Fig. 3. Variat ion of  isotopic composi t ion of a 

fue l  e l e m e n t  as a funct ion of reactor  run - t ime :  

I- ZI;2-Z2; 3 -Z3;4-Z4 

n -- average  neutron densi ty in reactor ;  c i - concent ra t ion  of  nucle i  e m i t t i n g  de layed neutrons; ki - dis integrat ion 

constant of  i - t h  group; gi - f ract ion of  de layed neutrons of group i per neutron born; I3 = Egi;  l - m e a n  l i f e t ime  of in-  

stantaneous neutrons; A k  - r eac t iv i ty ;  M A k  - scale  of r eac t iv i ty ;  x - length of e c o n o m i z e r  sect ion;  y - mass of  vapor 

in core;  T 1 and T z - fuel e l e m e n t  wal l  tempera tures  in e c o n o m i z e r  and evaporator  sections; Akp -- ex terna l  reac t iv i ty ;  

aij  and bij  - constant coef f ic ien ts ;  z t = Ps/P05, z2 = PJPos, zs = 040/905, z4 = P41/P05 - r e l a t ive  concentrat ions  of 
U 23s, Pu 2s9, Pu 24~ pu241; s - reac tor  r u n - t i m e ;  m - coe f f i c i en t ,  constant for a g iven reac tor .  
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