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INTRODUCTION 

For safety and control purposes it is important to 

know the response of a reactor to small perturbations in 

reactivity , and to know the r esponse of a detector to the 

variations in the neutron flux at various locations in the 

reactor. Many studies (1) have concerned the response of 

the reactor to sinusoidal variations from t he steady state 

system. Experimentally the macroscopic absorption cross 

section is caused to vary sinusoidally with the use of an 

oscillator or neutron pulses are introduced. These can be 

reduced analytically to a series of sinusoidal changes in 

reactivity. When a sinusoidal variation in reactivity is 

introduced in the reactor, the measured reactor response is 

also sinusoidal, but of different magnitude and phase . From 
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Figure l. Magnitude of detector response versus fre-
quency for a location in the UTR-10 
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frequency studies (5) in the two-core UTR-10 reactor, a so 

called 'dead spot• or position in the reactor was found at 

which the response of a detector to the neutron flux dies 

out. This was observed at certain frequencies called sink 

frequencies, the first occurring at a pproximately one 

hundred cycles per second. In these experiments the oscil-

lator was placed in an outer graphite region adjacent to the 

two cores and detectors were placed at other locations. 

Figure 1 (5) shows the nature of the detector response in 

the vicinity of the first sink frequency. From a safety 

point of view a lack of response from a detector at certain 

frequencies and locations in the reactor could result in a 

serious situation. 

The object of this thesis is to investigate the appli-

cability of a thermal model of the neutron flux to study the 

sink phenomenon. An analogy is established between a two-

core reactor prototype and a thermal model; the theory of 

similitude establishes the conditions under which they are 

similar, and provides the approach to studying one in terms 

of the other. From the thermal model, with the analogy that 

c onduction of heat pulses down a metal rod is similar to 

neutron pulses in the UTR-10, a study was made to reproduce 

the sink frequency behavior in the model a nd hence learn 

more about its nature in the real reactor system. 

In developing the thermal analogy it is necessary to 
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consider the characteristic equations that describe the 

reactor system and those proposed for the analog , and to 

determine the conditions under which they satisfy similitude 

requirements. The analog consists of a rod with two heat-

source sections , separated by sections without heat sources, 

to represent fuel and graphite regions of the two-core re-

a c tor . A temperature pulse driver on one end of the r od is 

ana logous to the oscillator in the reactor s y stem super-

imposing a rectified sine temperature variation on the 

steady state condition. As in the reactor, the frequency 

response of the model is also sinusoidal , but of different 

magnitude a nd phase . Thermistors are placed along the rod 

to correspond to the neutro n detectors in the reactor pro-

totype. 
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'l'HEOl{E'rICAL Dt:VE:LOPMC:N'f 01·' 'L' lll-: THERMAL ANALOGY 

Derivation of Prototype and Model 
Characteristic Equations 

In this development of the characteristic equations 

governing the reactor, one-group theory is assumed to be 

valid. Neutrons are assumed t o travel at the most probable 

thermal velocity (v) as predicted from the Maxwell-Boltzmann 

distribution for room temperature. Further simplification 

includes considering only the one-dimensional differential 

diffusion equation for the f lux distribution in the unstead-

y state. In considering a two-core, heterogeneous reactor 

such as the UTR-10, two basic regions are recognized - the 

fuel regions and the graphite reflector sections. The re-

actor is moderated by light water in the two core tank 

regions. 

G F G F G 
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A 8 
Figure 2. Sketch of UTR-10 

Neither core A nor core B can achieve criticality alone, 

but only with additional contributions of neutrons from one 

another. From the applicati on of the diffusion equation 

in the fuel region, the net number of neutrons in this 
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region is equal to the neutrons produced minus those lost 

by absorption or leakage and the one dimensional differen-

tial equation for the flux distribution in the unsteady 

state can be written as, 1 d 
n, V2¢ - L.a_ ¢ + ~ L_q_ ¢ == ~ ( 1) 

This is the equation of continuity (8) where 

~ 'd'-c:P 
2fX' '2. -

leakage term ( 2) 

absorption term ( 3 ) 

~ ~ cp - a production term (4) 

and ill- - _L_ ~ , since 4> = Y'\V ( 8) and v is dt con-v dt 
sidered constant . Equation (1) simplifies to 

d~~ + 5~cp = _L_ ci¢> 
ax " Jjl " o-t: (5) 

Equation (5 ) is the characteristic equation for the fuel 

regions of the reactor . The diffusion equation is the same 

in the graphite regions, except for the omission of the 

source term . The diffusion equation for the 

graphi te regions is 

nonmultiplying 

~ (6) 
a't 

1A list of symbols and definitions used in all expres -
s i on s is given in the Appendix . 
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Simplification of e quation (6) supplies the characteristic 

equation f or the nonmultiplying graphite region 

[Ji._ '& - 1-a ¢ = ..L (JJP_ 
~x· v ;;)t 

= .J__ 
v fj2 

( 7) 

(8 ) 
Equation s (5 ) a nd ( 8 ) are de scriptive of the one- dimension-

al unsteady state flux distribution in the two regions of 

consideration in the reactor~ Though the fission mecha-

nism is stochastic in nature, equation (5) is considered 

valid throughout each core region a nd equation (8) is valid 

throughout each gr aphi te region. 

The development of a heat balance in a volume element 

containing a heat source provides an initial s t ep i n the 

derivation of the characteristic equation s of the thermal 

model. From the law of conservation of energy, the net 

flow out of heat energy must equal the flow of heat energy 

into the vo l ume plus the heat energy generated within the 

volume minus the heat energy lost within the volume; this 

difference is the change in the internal energy of the 

volume element. Figure 3 illustrates heat conduction in a 

slab where 
AREA 
(d~dl) 

\.---------1 FLOW OJT 

d U.. cJt FLO 1--1.~-, 
dx ~-----------=:::~~ .. chc 

u = temperature 
t = time 

Figure 3 . Volume element with a heat source 
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The amount of heat in the volume in the x direction is given 

by -~ ~dt(d~dJ) • The t he rmal conduct i vity k is basi-

cally a transport property o f the medium. The temperature 

gradient ~ describes the distance rate change of temper-

ature. Finally d-t is the cha nge in t i me and d~ d f is the 

flow-in area. Since the (flow-in, conduction in x direc-

tion) = _)\ ~ cl.t d~ clr 
dX 

( 9) 

and the (flow-out, c o nduction in x direction) = 

(10) 

the net flow-out in the x direction = flow-in - flow-out, 

or (net flow-out, in the x direction) = 

-~ ~ dt d~ d r -[.hfx-( u + ~ dx) cit cl~ d r] 
"2. 

__ a.. ~dxdudedt c11> 
- ,ft d)( 1.. .J 

similarly it can be shown that 

(net flow in y direction) = 

- A ~Ll dl.f dx d t: dt 
d~ 2. J 

and 

(net flow in z direction) = 
'l. 

~ dt4 dr d){ dt 
a~,,., J 

(12) 

(13) 

Thus, the total heat loss is the sum of the heat losses in 
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the three directions. 

_/~ ~u <:kdud~dt + ~ ~ d~de. d.xdt + )\ J ... U di:dudxdt) 
\ ~.. J d j'" d~ i J 

= -3' ( V'Ll) dxd~ clrdt < 
14

' 

The total heat loss= -)l(v'u)Jc~drdt (15) 

The next point to be c o nsidered i s the he a t lost within the 

element volume in orde r t o raise its temperature; in other 

words the heat stored is t o be c onsidered. 

Heat stored = (16) 

The specific heat gives the quantity of heat required to 

raise the temperature of a body per unit mass by one degree . 

Thus, Cf is the heat require d t o raise the temperature of 

a unit volume one degree. So, C.f ~ ~~~Jt accounts for 

the heat stored . Since this volume element contains a heat 

source, P can be def i n e d as the amount o f heat generated 

per unit volume per unit t i me. The to t al heat generated 

becomes P dxd~d ~ dt. Now, the heat b a lance can be 

wri t ten as the heat s t o r e d = heat generated - heat lost . 

(17) 

This reduces to (18 ) 

or 
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(19) 

If heat is generated proportional to temperature an equation 

can be written. Now equation (19) can be re-

written \l~U. + ~ = ~~ (20) 

Equation (20) is the general expression for the temperature 

distribution for unsteady state conduction in the case of a 

source presence . 

Although the reactor characteristic equations are 

written to describe a slab reactor, it is convenient to use 

a cylindrical rod geometry for the model. 

Figure 4. Sketch of thermal model 

For a cylindrical rod region with a heat source , equation 

1. 
.l. dUr + ..l d UF. .+- o<_UF' _ c ,.., dU 

l.. '::lle1 I r-1 F ( 21) Jt dA A o ~' - -r ~ ..f"\1 d~M 
For a non-heat source region , equation (20) becomes 

~1UG- + ..L <)Uc;. + ~ ~cr + ~~ = c._2P-i. ~ 
a..1t.i. A. d°Jt.. A ae i. <3>'M ~ at,.... c 22 > 

From symmetry considerations the a ngular temperature varia-
..L d i.uc;. J.. ~UF 

tions can be neglected and the terms ./t 2. ~ e 'i. and /tl ~1. 
1. 

are dropped from the equations . The terms d~Cr and 
ollJ 
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d2 UF a re also dropped by the a ssumption of linear radi-
aJt l. 

al change in temperature . From Newton's l a w of cooling (7) 

i=-~A~ = l1A(U-Uu..) 
ll::: R 

(23) 

Equation (23) reduces to the followi ng expression, 

t~ ~A~(R,x .. ,t~)- u;J. 
A.=fo\ (24) 

This means that the term becomes 

Now equations (21) and (22) can be re-

and 

- .t1. [u, (R,"><M;tMJ-Uc..] ..... ~'U&(R,x,..~) = Cz.P1 ~ (R,~M,~J 
~'1 R ~x~ i\'2. d"t:M 

The following functi ons can now be defined as 

and 

• 

Since ~'[ UF(R, xk ,t,...)-Uo...] = -
dX~ 
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d~I 'd~[ UG- (R, '><M 1t ,...\ J -U'l.] dUG- ( R,)(M ,tM) 
c,. - dX~ d~~ 

-
;;))( ~ 

a nd 
dl..{ I d C. u~ ( 1~') "M , -t-M )- ua..1 dUF F" - -
JtM - - --

~~ dt~ 

d~ - ¢ [ UG-( R , xk , t,..) -Ua.. 1 6Uc;. -c}tM - - -d'tM at."1 
equations (25) a nd ( 26) can be s i mplified. 

du~ ( R, xM;t..) -dt1-1 (28) 

These e quations a r e no longer effectively d e pend ent or r, 

and i t will be u nde rstood tha t U.~ (R , x,...1~) :U~ (~ JtM) 
a nd u..~ ( R) XM) tl-4) ::: u"G- ( )( M. ) t "1) 0 For c o nvenience 

these f unctions can be redefi ned so that UF / ( )(""' 1 t~) = 
UF(xM,tM) and u~ (x~,-t.M):: UG-(xM , i.,...) • 
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Therefore the foll owi ng equa tio ns are approximately correct 

for the model one-dimension a l c a se. Equation (29) is the 

characte ristic equation for the source regions of the ther-

Equation (30) is the characteristic equation for the non-

source regio ns of the therma l 

JL\G ( ><,., ,-t:,.) _ ), 
2 
Lh (~5t,..) = 

ax~ ~,R 

analog. 

(30) 

In summary, the four characteri s tic equati ons for the reac-

tor prototype and the model are as follows: . 

Reactor 

Source region: 
d2 cpF 
ciX -i. 

+ 

Non-source region: 
d-i.k,I': ,h 

'Yu- - * ~G- -LT 

The rmal Anal og 

Non- source region: 
d~u 

G-dX -i. 
M 

_L 
JJ v 

I 

((31) 

(32) 

(33) 

(34) 
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Establishment of the Relationship Between the 
Characteristic Equations 

The characteristic equations display similarities. 

Equations (31) and (33) as a pair and equations (32) and 

{34) as another pair may be related through the use of 

arbitrary constants. In order to consider equations (31) 

and {33) as related through the use of arbitrary constants, 

the following are defined: 

cp = Y\ \.A. (35) 

x n, XM (36) 

t Y\ l.. t "1 ( 3 7) 

The subscripts M refer to the model; n, n 1 , and n 2 are 

arbitrary, dimensionless constants in the case of n 1 and n 2 • 

The quantity n necessarily must have dimensions; Now, the 

neutron diffusion equation (31) can be expressed in terms 

of the model and arbitrary constants. 
n_ dlA '2. .L J:1_ dU.. + & nU = Y) 2. dX 2 JJ, v "112. dtM (38) I M 

This equation reduces to 

ci'u.. Yl'l. ~"u. + I LJ 
dX~ 

= _J__ h, v (39) 

Equation (39) will be analogous to equation (29) if, 

~ - ~. = Yl~ Bi. 
~. T.R C40> 
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and 
c~ 

I 

Yl 2 
_1_ 

Y12 B,v (41) 

A similar development can be used with equations (32) and 

(34) . Since the proportionality between time and distance 

in each pair of characteristic equations is the same, the 

proportionality between the flux and the temperature should 

also be the same. In a manner similar to that used just 

previously, it can be shown that the same substitutions 

hold true . Now equation (3 2 ) can be written in terms of 

the arbitrary constants and model variables, 
Y\ cilt.A 
~ d)("l. -

I M 

which reduces to 
de.IL 
~)(~ 

IL~ 
~ d°t.M 

n 1.. 
I 

(42 )' 

(43) 

This equation will be analogous to equation (34) if the 

following relationships are made: 

~2. Yl "2... 

~ 
I (44) -i::-T 

and 

Ci.Pi. Yl 2. _L I - - /J,l. v ((45) 
~2. ni.. 

In summary, equations (31) a nd ( 3 3) are analogous if, 

ex ~. n'" B 'l. -:f, - M- I (40) 



c,p, -
-:E"" -

Equations (32) and (34) 

111. --.,f;\2 R 
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~l.. l I "b, -n 
are analogous if, 

"l. 
Y\, 

Fr 'l. 

c~ i5'2. Y\, \/ --

(41) 

(44) 

(45) 

¢F a nd ¢r; refer to the neutron flux in the system and the 

subscripts refer to the particular region of concern; the 

same is true f or the analogous temperatures i n the model. 

Boundary Conditions Considerations 

With the necessary relationships between the c harac -

teristic equations developed, the boundary conditions should 

be observed next. The diagram of the two core reactor 

indicates tha t equation (31) refers to regions 2 and 4 , and 

equation (32) refers to regions 1, 3, and s . 

2 3 4 5 

F I F 
u 

' 
u 

E I E 
L I L 

I 
I 
I 

-b - d 
I I 

0 
Figure 5 . Boundaries of a two core reactor 

Now from the diagram the boundary conditions can be written . 

(a) Since the flux must be continuous across the bound-
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ary between two different media (8), 

¢c;./ ll = ±a, :tb 
( 46 )' 

(b) Since there can be no accumulation of neutrons at 

an interface, the net number of neutrons leaving one medium 

per second per unit area must equal the number of neutrons 

that enter the other medium per second per unit area (8)e 

From Fick's law (8) this boundary condition may be expressed 

as 

x=ta,±b (47) 

(c) To establish a time reference the fluxes in both 

regions of fuel and reflector are assumed to be constant 

for particular values of x and at time zero. 
ct>F = CO'l"'\S"T'ANT -b<.x <.-d, a <><~b,t=O 
~ = cons TA NT - a < x < .a > t = o 

Next is the consideration of the boundary conditions of the 

thermal analog. 

() 0 
- 0 -d 0 d b 

x 

Figure 6. Boundaries of thermal model 

From the figure the boundary conditions can be written as 

follows: 

(a•) The temperature must be the same across the inter-
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face of the two different media. 

(48) 

(b') Since there can be no heat accumulation at the 

interfaces , the flow of heat leaving one medium per second 

per unit area must equal that entering the other medium per 

second per unit area. From Fourier's law of heat conduction 

= ~ dUG-
~ 

d X )( : :t QI :t.b (49) 

(c•) The temperatures in the regions of heat and non-

heat sources are considered c onstant for particular values 

of x and time zero, in order to establish a time reference. 

U : CON$TA.NT r 

U =CONSTANT 
G-

-b < >( <'. -«I a < )( < b.) t : 0 
(50) 

-~ < x < a 't= 0 ) (51) 

The model boundary conditions are derivable from the reactor 

boundary conditions by making the necessary substitutions: 

c:\>~ = 11 UF 

<-PG = ""Y\ UG 

d¢F 
dx 



17 

From equation (41) 

c, p, 114 _J_ I - ~. v -
Y)2. ~' ~I = ~I n ,-i. 

and solving for )J
1 

results in (52) n2 c, p, v 
for heat source regions. From equation (45), the diffusion 

coefficient for the non-heat source region is given by 

• (53) 

With these substitutions and the fact tha t v is assumed to 

be constant in any medium, the reactor boundary conditions 

may be rewritten as follows: 

( b I ) 

,,k, TI~ 
c1p1 n~ v 

= "'Y'\ ~ which reduces to 
x=±a,±.b )( :: ±J,±.b 

Y..= ±a,±b 

A-i. ii dUG-
,, p, )ll. v Y'l, d)(~ 

'le= ta1-:.b 
x=±a, ±'b 

(54) 

which reduces to 
~ "l. ){, dUE dUG--c,p, dxM )(:ia,±b C2/Jl. d){M ')(=t:a,tb 

From Fourier's law 

J\, dUF ~4 dUez: • -
dXM ')( = ±a> :r.l:, dxM x:±.a,±b 
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This establishes the condition that 

~1 dUF 
d x,... x = t. a, ±. b (55) 

from which C1 p, = C2fi . The proper materials selection 

can satisfy this condition. 

(c') Finally, the third reactor boundary condition can 

be rewritten in terms of the c onstants and model terms which 

yield the same boundary condition as expressed in condition 

(c') of the thermal analog. 

In summary, the boundary conditions of the reactor can 

be put into terms of the analog conditions, providing that 

the materials selected for the thermal analog comply with 

the following design conditions:. 

c:x - .Ji' = n,,. B"l.. 
~ ~R I 

c,p, 
T. 

.J_ 
81v 

(40) 

(41) 

( (44) 

(45) 

(54) 
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ACTUAL MODEL DESIGN 

Materials Selection 

The first step in the design of the model is selecting 

two mate rials for the therma l ana log, materials which can 

be related to graphite and fuel regions of the t wo c ore 

UTR-10 Reactor . From previous work (9) the one- group v alue s 

of the diffusion coefficient of the graphite and fuel re-

gions are 
Q. /;;( \ G M 

fuel region and 

/)_ = 0 . S'-13 CM graphite region 
~ 

From the summary definition requirements, a ratio of b, must 
JJ, - J\, - s'l, Fi- .-R-i. -.::/ c, ft = c, fz. satisfy the following conditions, 

The values of o1 and o2 establish the requirements imposed 

on the relative conductivities of the materials for the 

source a nd non-source regions. ~ 1 = 0 · I~"/ ){ ::L 

Table 1. Determination of source and non-source materials 

Material Thermal Conductivity 0 .144 K 
of Materia l, K cal/sec cm oc 
cal/sec cm oc 

Iron 0 .15 0 . 022 

Copper 1.043 0 . 1502 

Aluminum 0 .490 0 . 0706 

Lead o. oa2 0.012 

Steel 0.107 0.0154 
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From the tabulated calculations it is ascertained that the 

best choice of materials is for heat source sections of 

iron and non-heat source secti ons of copper. This means 

that k 1 has the value 0.151 cal/cm sec °C for the iron se-

lection and k 2 has the value 1.043 cal/cm sec °C for the 

copper selection. The condition tha t c 1p 1 =sp"l- must also 

hold. Thus at temperatures of consideration (limit of 
3 167 °C)' CCLI Pcu ~ ~e. Pr:e.. or 00090246 cal/cm °C ~ 0.091104 

cal/cm3 0 c. These values are the best achievable and com-

pare well with the definition requirement. Therefore, iron 

and copper are suitable choices. The materials are easily 

worked, permit good contacts at interfaces, and are rela-

tively inexpensive. 

Determination of Desirable Design Parameters 

With the materials selected considerations can be given 

to the other design features. Relationships (40), (41), 

(44), and (45) are most important t o the design conditions. 

They represent four linear equations with four unknown quan-

()( > and R to be determined. If ti ties n,'l. ' -n'l... ' 
11-i..-= X 3 ) "= x41 then these four equations may be rewrit-

ten as follows, 

~I 
c,p, .x 
T."" ~ 

I 

( 56 )' 

0 (57) 
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x :L. - X4 J.i... - 0 (58) 
~ ~-

xl. - c'2p-. x :: 0 (59) 
JJ'2. v fi~ 3 

It can be shown that the solution of this system of equa-

tions is 
\/ - ..J_ AIJ - f\_ 

(60) 

(61) 

(62) 

(63) 

The unknown quantities can now be dete rmined by substituting 

in the formulas the known value s of a ll the terms, except 

those for the film coefficient and the radius of the rod. 

Table 2. Properties of iron a nd copper (6) 
(for temperatures of consideration) 

Material Specific Heat, Thermal Density, p 
3 (cal/gm oC') Conductivity, k (gm/cm ) c 

(cal/sec cm oc) 

Iron 7.8 0.1168 0.151 

Copper 8.9 0.1014 10043 
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Table 3. Properties of reactor core and materials 
{for one-group theory) (9) 

Macroscopic, -· No. of L2 Diffusion cm T Coefficients, Cross Section Neut/Fission 
cm 2 v cm 
Dl 02 1:.a LF 

a! 
cm -2 

0.121 0.843 o.o908 0.0502 2.44 9.29 Oo262 

With these values of the material properties, B, and L, 

equations {61), {62), and (63) can be rewritten as 

<X=[(~)+O.?i53(~)Lal/sec cm3 •c 

)')1 "' ~.ljH ( t)>i 
-S'( ~) Yll. : S: S' x ID f' 

{61) 

{62) 

( 63) 

Before suitable values of h and R are determined, the 

limitations on the design of the model must be considered. 

The model size is determined from the given reactor size 

and limitations of laboratory space. From experimental 

work further limitation on the model size is the ability to 

detect a heat pulse at certain distances from a heat pulsing 

device on one end of the rod. Model frequencies are limit-

ed by the thermal conductivity of the material. A limiting 

factor on the diameter of the rod is the size of the ther-

misters used in taking temperature readings. Size is also 
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an important c onsideration in the method of heating and con-

trolling the model heat sources of iron. Finally, ~ (the 

proportionality constant between temperature and heat gen-

erated in the iron sources) must remain small to avoid the 

possibility of an unstable system . 

Since the model frequencies can only be determined 

within the limits of the ability of iron or copper to con-

duct heat, and since the temperature-power proportionality 

constant depends heavily on the equipment available for pro-

ducing power in the model heat source regions, the only de-

sign parameters left with a small but considerably better 

degree of latitude in selection are the dimensionless length 

scale, n 1 , and R, the radius of the rod. From experimental 

results of the best responses to temperature variations 

along the rod as a function of size, lengthwise distance 

from the pulse generator, thermistor size and locations, 

a radius of 0.317 cm was selected and an n 1 value of 15. 

In the reactor prototype the core regions are approximately 

15 cm wide and the graphite c oupling region between them 

45 cm long. Thus from the similitude requirement that 

X = Tt1 XM , the model iron heat source regions are each 

one cm long, wi th a radius of 0.317 cm. The copper coupling 

region between the iron cores is 3 cm long with a radius of 

0.317 cm. The outer regions of copper are each arbitrarily 

selected to be approximately 10 cm long, with a radius of 
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0.317 cm. These measuremen t s al l ow adequ ate space for a 

he a t pulse driver sectio n on one end of the rod and several 

thermistor loca t ions on the other end. Wi t h values assigned 

to both R and n 1 , the solutions f o r the other design parame-

ters can be evaluated, given the h 1 value. A good 

approximat ion for the film c onductance due to free or na tur-

al convection of air at atmospheric pressure over horizontal 

rods les s than a foot in diameter is given by the foll owing 

r estricted equation (3). 

-11 = o. ~3 ( (64) 

The temperature of the surrounding air is c onsidered to be 

approximately room temperature , the c onsta nt 0 . 23 is a pprox-

imated for experimental results, R is give n in feet, a nd the 

tempe r ature cha nge is given i n degre es fahre nheit. On the 

average , the temperature d ifference at most was f ound to be 

approximately 240° F in the non-heat source regi ons, a nd 

280° F in the heat-source regions. Since the heat source 

section s urfa ce are a is not as exte nsive as the non-hea t 

source region, the conductance of heat to the surrounding 

med ium in the non-heat s ource region is gr eater than that 

in the heat source region. From equation ( 64), the follow-

i ng values of h 1 a nd h 2 were de termined : (with h 1 referring 

to the heat source region n nd the h 2 referr i ng to t he noa-

hea t s ource region.) 
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hl = 3 . 33 x 10-4 cal/sec cm 2 oc 

h2 = 3 . 19 x 10- 4 cal/sec c m 2 oc 

With the v alues of h 1 , n 1 , and R specified the other design 

par ameter s d e termined for true model requirements can be 

e v aluated as 

\:>( 14 . 05 x 10- 4 cal/sec 3 oc = cm 

-- 1 . 06 x 10- 4 watts/ 0 k -...,, 

11l. = 5 . 6 x 10- 8 

Equa t ion (62) was first used to evaluate what true model 

requirements indicate the h 2 value to be. The value of h 2 
obtained was 7 . 99 cal/sec cm2 °C, and it was used in the 

evalu ation of equations (61) and (63). Obviously, the value 

of h 2 calculated from equation (64 ) is different from the 

v alue obtained f r om equation (62) . This d ifference is a 

first i ndic ation that the model may not be a true one be-

c ause the design conditions cannot all be satisfied . Anoth-

er i ndication that this is not to be a true model can be 

seen from the value of the frequency or time scale value . 

From the relation ship -t =~ t~ , the model frequency is re-
- 6 quired to b e S . 6 x 10 cps a t the reactor sink frequency . 

Tests of the ability of iron or copper to respond to heat 

impu l ses at a s peci fic frequency gave satisfactory res ponse 
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at an average value of about 24.5 cps. In the laboratory 

tes t s the ability of iron or copper to conduct heat pulses 

at smaller cycle times was poor . This indicates that the 

calculated value of n 2 cannot be used effectively. To 

eliminate this problem necessitated consideration s for a 

distorted model rather than a true one. 

Direct resistance heating of the heat source regions 

was selected as being the most convenient method of heating 

consider ing the equipment available. Two washers were 

placed a r ound the edges of the heat source regions as shown 

i n figure 7 . Extending from the wa shers were large leads . 

The leads were attached to current generators and at most 

185 amperes of current was put into each of the iron source 

regions . Limi t ations on the thermistors required that no 

temperatures bei n g measured by them exceed 300° F . It was 

also desirable to keep temperatures below the level where 

radiation of heat is negligble. With these limitations and 

c onsiderat ions the three values of ex selected for experi-

me nta l use were 

ex , = 4 . 4 x 10-3 watts/ 0 k 

0( 2. = 2 . 85 x 10-3 watts/ 0 k 

~ = .3 
1 . 59 x 10- 3 watts/ 0 k 

The se v alues of ex are different from the design values . 

After a v alue for the maximum current was chose n and after 
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calculating the resistance of iron from material properties 

and the area involved, a value for the power output was de-

termined. Then from the relationship P = ol U. and usi ng 

a maximum temperature of 300° F, the three values of o<_ were 

selected within the experimental limitations . 

In order to overcome the limitations discussed and 

still make an effective model study, the true model was 

finally rejected for one in which distortion was to occur in 

the frequency ranges and power output of the heat source re-

gions. These proved to be fortunate in that the parameters 

affected were easily varied in the laboratory set-up, where -

as distortion in the model size or geometry could require 

the a c t u al construction of various models. 

Model Construction 

After all of the design c onditi on s on the model were 

determined , the construction was done by the Machine Shop 

using the following diagram and listed requirements . 
,___ ... COPPER LEAD 

CV FE cu FE 

Washer width around iron source 0 . 2 cm 
I ron heat sources 1 cm long , 0 . 317 cm radius 
Copper between Iron 3 cm l ong , 0 . 317 cm radius 
Copper extreme regions 10 cm long , 0.317 cm radius 

Figure 7 . Drawi ng of model wi th dimensions given 
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All sectio ns were silver soldered to provide the best con-

tact . The copper leads to the heat s ource sections were 

made large enough to accommodate the thick wires carrying 

current of a hundred o r more amperes. The large amounts of 

current supplied to the iron source regions were obtained 

fr om a transformer on one core and a n ac arc welder on the 

other c ore . In o rder to c ontrol t he power input to the 

source reg ions, voltmeters and a mmeter s c ont i nually moni-

tored the amount of power in the source regions . 

The last c onstruc tion requirement was the heat pulse 

dr iver section . Heater wire wrapped around one electri-

cally insula ted end of the rod was connected to a de power 

supply and t he current pulsed by manual c ontrol. Of some 

concern was the selection of the insulation mater ial which 

would give good electrical insulation, but allow the maximum 

heat conduction betwe en the heater wire and the surface of 

the rod. After trial a nd error a c ombi nation of sauereisen 

insulator paste and torr seal paste gave the best results . 

An initial layer of sauereisen on t he surface of the rod 

gave the necessary electrical i nsul ation a nd proved resis-

tant to the high temperature s i nvolved in the experiment . 

An outer layer of torr seal cemented and held the layer of 

sauereisen firm to the rod. Two thin layers, one sauereisen 

and then torr seal were placed on the surface of the rod. 

The heater wire was then wrapped around this section of the 
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rod. Two more layers in the same order as the first two 

were placed on the outside of the heater wire . A final lay-

er of asbestos paper was applied. The ends of the heater 

wire were then attached to a variable de power supply and 

the current pulsed manually to achieve a sinusoidal varia-

tion temperature perturbation in the model system; as cur-

rent flows in the heater wire it causes increases and de-

creases in temperatures according to the rise and fall of 

the current. The heat arises from resistance heating of 

the heater wire. This heat is then transmitted through con-

duction to the surface of the model, causing the perturba-

tion in the model system. 

The following diagram sketches the model set-up and 

on the following pages photographs show the actual labora-

tory set-up. 



CURRENT 

SOOiCE 

SAME CONNECTIONS FOR 
CORE n. APPLY 

~-..... -r~---------.a AMME'rER 
VOLTMETER 

THE RM I $TO R LE AO S 
TO 

$WITCH BOX AND 
~EAD ER 

COlilE 
I 

® 

s 4 3 2 
POSITION 10-SYSTEM 

INPuT 

POSIT ION I - 9 ARE 
SYSTEM OUTPUTS 

Figure 8. Sketch of model set-up 

CORE 
u 

PULSE DRIVER 
HEATER SECTION 

POWER SUPPLY 

10 

VJ 
0 



Figure 9. Close u p view of the the rmal model 



Figure 9. Close up view of the thermal model 



Figure 10. Overall view of laboratory se t up 



Figure 10 . Overall view of laboratory set up 
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METHOD OF TAKING DATA AND 
PLOTS OF RESULTS 

With the described experimental set-up, collection of 

data required the efforts of three people . One person was 

needed to vary the de power supply in order to give the cur-

rent a half rectified sine wave variation. This affected 

the temperature pulse perturbation on the model system . 

With the use of a stopwatch and manual efforts , various fre-

quencies within the experimental limits were achieved. An-

o t her person monitored the two cores in order to achieve 

the effect of proportional control of the heat source re-

gions . A set of tables was prepared from which the tempera-

ture reading, v oltage reading, current reading, and speci-

fied ~value could be related as rapidly as possible to in-

dicate how much the current to the heat source should be 

increased or decreased to achieve the proportional power-

temperature control of This person worked as 

rapidly as possible continually monitoring the c ores to en-

sure as much as possible the proportional behavior required 

between temperature and power. The third job included 

satisfying the initial conditions on the system before each 

trial run, and during the run, recording as rapidly as 

possible the temperature at the specific time at each of 

the ten thermistor locations . With the aid of a switch box 

and a stopwatch and practice, recordings of time and tern-

perature for all ten positions were achieved on an average 
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of a minute. Each temperature reading taken at either of 

the two cores was called out to the person monitoring the 

cores. As rapidly as possible the tables were c hecked and 

the core power adjusted accordingly. At each frequency 

readings were taken for the duration of two cycles in the 

current sinusoidal variation. At the end of each run two 

fans were applied to the model to speed up its return to a n 

i nitial steady state condition. Initial conditions involved 

making sure that the two core s were at the same fairly c on-

stant temperature level and the copper r egions were also at 

a fairly constant temperature. Each time the cores were 

initially heated, a twenty-minute time period was allowed 

to pass to ensure small , almost no v ariations in tempera-

tures . When this level was achieved the steady initial 

conditions on the syste m versus the thermistor locations 

on the r od show a temperature distribution as depicted in 

figure 12. This temperature distribution across the model 

positions for steady state shows good similarity to the 

spatial flux profile in the UTR- 10 reactor for the equiva-

lent steady condition. Since one- grou p theory has been 

assumed valid, the thermal flux distribution across the 

UTR-10 has the form shown in figure 11. This can be ex -

plained by the fact that in the coupling region, the thermal 

flux buildup r esu lts from the presence of neutron s contribu-

ted from both cores on either side . The same reasoning can 
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apply to the temperature buildup in the model coupling re-

gion, as a result of the presence of the two heat sources 

on either side. After the model was operated in initial 

conditions, simultaneously the pulsing with the de power 

supply was started, the cores were monitored with changes 

in their power output controlled as continuously as possi-

ble, temperature and time recordings were made. Various 

pulse frequencies were tried . The response of the model 

to the sinusoidal input proved to be also sinusoidal but 

of different phase and magnitude. Figure 13 shows this 

behavior. From this plot the response at all thermistor 

locations indicates that the pulse was felt all along the 

rod~ However, when shorter cycle times were used the pulse 

t im e was so fast until it was beyond the material response 

capability. Figure 14 shows that below a cycle time of one 

minute the pulse of heat was not felt along the rod nor 

even in the driver section. In actual practise all frequen-

cies of any experimental value was obtained in the range of 
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cycle times above four minutes. 

Of interest was a comparison of the model spatial tem-

perature distribution during the pulsing action . This was 

done for two cases, namely the case where temperature-power 

ratio was neglected in the model core regions and the case 

where it was applied. Figures 15 and 16 depict these two 

conditions . From figure 15 it can be said that the tempera-

ture distribution shape does not vary in time during the 

pulsing, but varies in amplitude . This is also in accord-

ance with the reactor prototype behavior. The usual assump-

tion made in applying the point or space independent reactor 

kinetic equations is that the flux shows no time variation 

in shape . This assumption is necessary because some of the 

parameters involved in using the point kinetics equations 

can be evaluated only if the instantaneous flux shape is 

known. Another parallel shown here between the model and 

the prototype is the change in power level during the puls-

ing never allows the system to return to the initial power 

level. 

From figure 16 the effect of temperature-power control 

in the model core regions produces little change in the 

overall temperature distribution shape. The greater drop 

between temperatures in core I and core II as opposed to 

the same difference in figure 15 is a result of using great-

power in the heater section, thus increasing the heat pulse 
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intensity. With this taken into account the plots in both 

figures 15 and 16 exhibit the same basic shape, only varying 

in amplitude. The reason for using the temperature-power 

proportional control in the mod el heat source region can be 

justified not only by the fact that the similitude require -

ments demand it, but by the fact that it is more analogous 

to the prototype behavior. The power of a nuclear reactor 

can be given in terms of the product of some constant value 

and the neu tron flux. 

P = A~ 
where A includes a combination of the volume of the reactor; 

fission rate required to produce a specific amount of power , 

per haps o ne watt; and the macroscopic fission cross section. 

From the collection of the pertinent data it is hoped 

to establish relationships between the variables significant 

to the model study . Since the designed model was distorted 

rather than true , it was necessary to take data for three 

different models. As stated before this did not involve 

the construction of other models but only involved changing 

the distorted v ariables of frequency and temperature- power 

proportionality . Therefore data were taken for the three 

values of ()( selected. The frequencies used ran ged from 

cyc l e times of five minutes up to twenty minutes . The data 

collected were then plotted in various ways to try to estab-

lish r elati onships amon g the significant var iables and t o 
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try to determine the effects of the distortion on power and 

frequency. The system response at each point was given by 

taking the ratios of the input peaks (recorded by a therm-

istor located in the driver pulse section) divided into 

output peaks determined at each thermistor location along 

the rod. Since temperatures were recorded in degrees fahr-

enhei t, they were converted to degrees kelvin before the 

output-input peak ratios were taken. Since data was record-

ed for two cycles at each frequency, the plots of the data 

included the peak ratios as a result of the first pulse 

cycle and the peak ratios as a result of the second pulse 

cycle. Since plots of the system magnitude response versus 

frequency displays the dip corresponding to the sink fre-

quency in the prototype, the model response was plotted ver-

sus frequency to detect the possibility of a dip correspond-

ing to a model sink frequency. These plots were done for 

each thermistor location for each value of the temperature-

power proportionality constant chosen. Figures 17 through 

19 show these plots. Since the results for all nine posi-

tions were similar depending on the value of ~ used, these 

are only representative plots from each I;)( group of all nine 

positions. In an effort to study the relationship of the 

response to the frequency for three \:)( values, plot~ were 

made using both semi-log and log-log scales. Figures 20 

through 25 display the semi-log and log-log plots for the 



Q.98 

o. 97 

0.96 

0.95 
..a:ol< 

0.94 
\/'I 
0 

~ 
<id: 

0.93 
a: 
~ 
<! 0.92 w 
Q_ 

0.91 

o.~ 

0.89 
0 2 

FREQUENCY 
4 
CPS 

POS 2 

e PEAK I RAT I OS 

[!] PEAK 2 RATIOS 

0(' 

6 

Figure 17. Magnitude of temperature response versus frequency for a thermistor 
location in model I 



0.99 

0.'38 

o. 97 

POS l 
0.'36 

G PEAK 
ct,4'_ 0.95 

c:J Pf AK 2 
\/) 
0 0.94 >-
<( ex 

~ 0.93 
~ 

o.~2 

0.91 

0 .. 90 
0 2 3 

FREQUENCY 
s 6 J4 

x 10 CPS 

Figure 18. Magnitude of temperature response versus frequency for a thermistor 
location in model II 



0,'1'3 

0,'98 

0.'37 

J1<-0,'96 

!ft 0.'15 0 -
~ 
~ 

0."4 
<( 
w 
0.. 

0.93 

Q'9 2 

OSI 

0~'30 

0 2 5 
F R.EQUE:NCY 

POS 3 

e PEAK 

8 PEAK 2 

0(.3 

Figure 19. Magnitude of temperature response versus frequency for a 
thermistor location in model III 



-l.~6 

4--1.~7 
"' 0 
_J 

-1.9~ 

-wo 
0 

POS I 

2 5 
_3 

FREQUENCY x 10 CPS 

Figure 20 . Magnitude of temperature response versus frequency for a 
thermistor location in model I 

z 

8 

6 



-1/~6 
POS I 

f> PEAK 

EJ PEAK 2 

-1.~7 ex, 
4~ 

C) 

9 
~ -1.98 m t1 

fi 
°' El 
~ 
c( 

~ 
-1.'39 

-U)O __ _.,__ __ --i~--------"------.....,_... ________ ..... ________ ..._ ________ ..._ __ __, 
-~ -3.7 - 3.6 -3.5 

LOG FREQUENCY CPS 

Figure 21. Magnitude of temperature response versus frequency for a 
Thermistor location in model I 

-3.2 



-1.972 

-1.4'74 

-l,97f> 

J-1<--1.'3" 7 s 
8 
.J 

-1.980 

"' 0 

'< -l.'382 
« 
~ 
4: -l.'384 
UJ 
~ 

-1.986 

-1.,88 

-1 .~0 

0 2 3 4 
FREQUENCY >< 10-3 CPS 

POS I 

0 PEAK 

El PEAK 2 

Figure 22. Magnitude of temperature response versus frequency for a 
thermistor location in model II 

6 



-1.972 

-1.974 

- 1.976 POS I 

e PEAK 
~- 1.978 

8 
ID PEAK 2 

..J -1.980 

~ 
~ - 1.982 
ex 
~ < -l.9S4 
~ 

- 1.986 

- 1.9 88 

- 1.990 
-3.6 - 3.6 - ~ - 3,3 - 3l - 3.1 

LOG FR EQUENCY C PS 

Figure 23 . Magnitude of temperature r espo nse vers us frequency for a 
thermistor l ocation i n model I I 

-30 

Vl 
0 



-1.972 

-1.974 

-1.976 

<1<- -1.'3 78 

8 
-' -1.980 

"' 0 

~ -1.982 
ex: 

~ -1.984 
<{ 
w 
~ 

-1.986 

-1.~88 

- 1.990 
0 2 3 4 

FREQUENCY >< I 0~:3 CPS 

POS I 

~ PEAK 

C!J PEAK Z 

Figure 24. Magnitude of temperature response ve rsus frequency for a 
thermistor location in model III 

6 



-1.~72 

-1.974 

- l.'376 

-1.~ 78 

a -1.980 
<l<C 

§ -1.9 82 

"' 0 
t:: 
<( -1.~s• 
Ol 

~ 
<{ 

-1.980 w 
4.. 

-1.988 

PO$ I 

G PEAK 

El PEAK 2 

CX3 

-1.~0 ._, ________________________________ _ 

-3.6 -3..4 -32 
LOG FREQUENCY CPS 

Figure 25 . Magnitude of temperature response versus frequency for a 
thermistor location i n model III 

U'I 
I\) 



o.~1 

0.'36 

0,95 

POs 4 
0,94 e at., 

c(~-- 0. 93 El c(~ 

~ 
..... 0.92 <{ a 

A ac.3 

H 
~ 0,91 
c( 
w 
Q_ 

0,90 
@ 

0 ,89 

o.ss 
0.87 0.89 0.91 0.93 0.9'5 0.97 

Figure 26. The relationship betwee n peak I and peak I I ratios at a 
thermistor loc ation for all three models 

1./1 
w 

0.99 



0. C}7 

0.96 

4<-
IJI 
0 

0. C95 

I-
<{ 
a: 

':ic'. 
<{ 

0.94 UJ 
CL 

0.93 
0 2 3 ..3 4 

VALUE x 10 w/°K 
Figure 27. Magnitude of temperature response versus 

frequency and a the rmistor location 

POS I 

0 PEAK 

ra PEAK 2 

3 
<Jr\'\; 2.os x IO- CPS 

c.n 
,r::.. 

s 

values for a 



0,9 80 

O .<i7~ 

0. 970 

0. 965 

<1<-
~ 0.960 

~ 
0,95~ Q:' 

...... 

~ 0.950 
H! 

0.945 

0.940 

0.935 
0 5 10 15 

POS I TI ON CM 

Figure 28. Peak I ratios versus model I thermistor locations for three 
frequency values 



o. 98 

0.97 

o.~6 

0.95 

ca:1<- 0. 94' 

"' 0 

~ 0.93 
Q'. 

~ 0.92 
~ 
c( 
w 
d. 0 .. 91 

0,90 2.os 

0. 89 
0 5 10 

POSITION CM 

Figure 29. Peak II ratios versus model I thermistor locations for 
three freque ncy v a lues 

I 5 



1.00 

0.99 

0 .98 

0.97 

ce'}t 
\/\ 0 .96 
Q 

~ 0.95 

..... 
~ o.94 
c( 
w 
Q_ 

o.~3 

0-92 
WSx 

0 ·~I 
0 5 10 15 

P0$1TION CM 

Figure 30. Peak I ratios versus model II thermistor locations for three 
frequency values 



0.97 

o. 96 

0.95 

J1< 0.94 

"' 0.93 Q 
~ 
~ 

0.92 
1:1 
~ 0.91 ct: w 
n. 

0.90 

o.~ 

0.88 
0 s 10 15 

POSITION CM 

Figure 31. Peak II ratios versus model II thermistor locations for three 
frequency values 

V1 
co 



0.99 

0 .. 98 

0.97 

0.,6 

<~-
0.95 "' Q .._ 

<( 
Q: Q.94 
H 

~ 0·93 <( 
w 
Q.. 

0. '32 

0·91 

0.90 
0 s 10 

POSITION CM 

Figure 32. Peak I ratios versus model III thermistor locations for 
three frequency values 

I 5 

V1 

"' 



0.98 

0.97 

0.96 

0.95 

:iic: 
ct 0.91 w 
~ 

0-'10 

0.89 
0 10 

POSITION CM 

Figure 33. Peak II ratios versus model III thermistor locations for 
thre e frequency values 

15 

°' 0 



1.00 

0.99 

0 .98 

o. ~7 
<fj~-

"' 
0.96 

0 
t-
~ o . ~s 

H 

~ 
0. '?4 

<( 
w 
a.. 

0•93 

0·'32 

O· 91 
0 10 

POSITION CM 

Figure 34. Peak I ratios versus thermistor locations in the three 
models for a f requenc y run 

15 



0.,97 

0.,96 

0.95 

0.94 

J>/<-
\/\ 0, 93 
0 
I-
c:{ 0. 92 « 
~ 

~ 
0.91 

UJ 
0.. 0,j() 

0.89 

o.se 
0 

Q 

0 

5 10 
POSITION CM 

Figure 35. Peak II ratios versus thermistor locations in the three 
models for a frequency run 

15 



63 

response versus the frequency at a given c><. value for a 

representative thermistor location. 

Also of interest is the relationship between the peak 

I ratio and the peak II ratio at each thermistor location 

on the model. Figure 26 shows the relationship of peak I 

to peak II values for all three I::><'. values at a representa-

tive thermistor location. The plots for the other eight 

positions display the same characteristics. 

To aid further in determining the effect of the distor-

tion on the model other plots were made as follows. Since 

the peak ratios were plotted versus frequency for three con-

stant ()(. values, graphs were also made of peak ratios ver-

sus <::><. values for three different values of frequency. This 

time with constant frequency values it is desirable to es-

tablish a relationship between the ratios and temperature-

power proportionality constant. Figure 27 is a representa-

tive plot of the relationship between the response and the 

proportionality constant. It is a representative plot be-

cause the same graph for other frequency values displays 

the same behavior. Finally to observe the effect of value 

and frequency (hence the distortion on the model), plots 

were made of the system response, or peak ratio versus po-

sition for values of constant frequency and constant val-

ues. Figures 28 through 33 show plots of peak ratios ver-

sus position for three frequency values, each at a specific 
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~ value. Figures 34 and 35 show representative peak I 

and II ratios versus position for three values of ex at a 

specific frequency value. 
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DISCUSSION OF RESULTS 
AND ERROR CONSIDERATIONS 

Figures 17 through 19 indicate that for each value of 

alpha considered, the peak ratio frequency curves have the 

same form for all nine thermistor locations. So the re-

sponse to the heat pulse at one point in the model indi-

cates its form at the other eight positions for a given al-

pha value. Graph 17 shows that for model I with ex = 4.4 x 

10- 3 / · 1th h w 0 k both peak ratios show the same form, a oug 

peak I ratio frequency plot is higher than the same plot of 

peak II ratios. This occurs because in the second cycle the 

peaks attained at the various positions are almost the same 

height at tained during the first heat pulse cycle. However, 

the heat input perturbation pulse attains a far larger peak 

in the second cycle than in the first. Therefore the ratios 

of the peak outputs to the input peak for cycles I and II 

show peak II ratios at a lower value than peak I ratios. 

Reference to figure 13 shows a comparison of output peaks 

for each cycle and input peaks for each cycle. The larger 

increase in the i nput pulse height during the second cycle 

can be explained by the fact that the driver section is bet-

ter insulated than the rest of the rod and hence the second 

pulse always starts on an additional thermal level and at-

tains a higher peak. The heat in the driver section isn't 

lost as readily to the surrounding air as at the other ther-

mister locations along the rod. This plot for model I in-
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dicates no dip corresponding to a model sink frequency . 

The graph 18 refers to model II with an ~value of 2 .85 x 

10- 3 w/ 0 k. Model II was operated in a lower power r ange 

as indicated by the lower ~value. However, the two peak 

ratios have the same form, but the peak I ratio is higher 

than the peak II ratios. The form of these curves is very 

similar to the forms seen in model I plots, excluding the 

sl ight distortions in the initial parts of the curve. Mo-
- 3 del III corresponding to an ~ value of 1.59 x 10 w/ 0 k 

was operated in the smallest power range. The response here 

appears to be less favorable in regards to both models I 

and II . Again the peak II ratios occur at lower values than 

the peak I ratios. The peak I ratio however is totally dif-

ferent in form than the corresponding curves in the other 

two models. The peak II ratio points a p pear to be largely 

scatter points. The line of best fit for these points a 

slope similar to the corresponding curves in the other two 

models. It can be assumed that the peak I ratios of model 

III show no real dip or sink frequency. This is based on 

the fact that the other data trial points at the same fre -

quencies do not duplicate a true dip behavior . They do in-

dicate what could be considered a small ripple in the total 

picture of all points beginning from the origin. In con-

sideration of the plots of the other models and the behav-

ior of the peak II ratios of model III, the peak I ratio 

plot is to be viewed with larger error than the other data 
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points. Just as in the case of model I and II, model III 

shows no sink frequency. From these plots for the various 

alphas at a particular position, the ordinates in reality 

vary very little when considered in light of the orig in or 

the zero point on the y axis. In view of t he limited range 

of data points shown on the graph, the p lot can be thought 

of as small variations in an overall curve beginning at the 

origin. Figures 20 to 25 show that within the limits of 

the experimental data, in other words the portion of the 

total curve beginning at the origin, the peak ratios can 

approximately be shown as a line when plotted on logarith-

mic scales versus frequency, depending on the accuracy of 

the lines drawn. Model I still shows slight curvature in 

figures 20 and 21, but can also be roughly a p proximated by 

a straight line. Model II can also be roughly approximated 

by a straight line. Model II can also be roughly approx-

imated by a straight line as shown in figures 22 and 23. 

Model III shows that the peak I ratio frequency curve re-

tains its unusual shape no matter how plotted; while the 

peak II ratios plot with a rough straight line approximation. 

These plots on logarithmic scales for all the models show 

fair agreement in all cases, except the peak I ratio plots 

for model III. 

Graph 26 relates the peak I ratio to the peak II ratio 

at a position for all three models. As mi ght be expected 

the curves are fairly linear. Models II and III show the 
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same linear relat ionship betwee n the peak I ratio from the 

first cycle a nd the peak II ratio from the second heat pulse 

cycle. The effect of the temperature-power proportionality 

constant of the three different models is not important to 

the relationship between the peaks. The peak ratios from 

the two cycles for the model I position shows slight curva-

ture and significant deviation from the linear plot of the 

values for models II and III. Thus the peak II values in 

model I increase at a non-linear rate compared to the peak I 

values. A linear relationship might be expected among peak 

I and II values. During the heating part of the heat pulse 

the rod heats up to a peak value, then during the non-heat 

part of the cycle the rod cools down to a lower value, but 

not back to the original initial value. By the time the 

second heating part of the next cycle is started the temper-

ature still hasn't dropped to the original value. This 

means that the second pulse peaks a little higher as a re-

sult of starting from a higher temperature level. For dif-

ferent frequencies the c ooling period varie s according to 

the length of the non-heat part of the cycle. At the same 

time power is generated in the cores proportional to the 

temperature as it may rise or fall. For models II and III 

this core power level is smaller than for model I. The 

effect of the proportional control in the cores is less pro-

nounced for the two smaller alpha values of models II and 
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III . Model I has a greater effect of the power proportional 

control and influences more the level on which the second 

peak builds. Figure 27 shows that at each frequency value 

the peak ratios tend to rise in a fairly linear fashion with 

each increasing alpha value. 

The plotted results have shown that the system response 

as a ratio of output to input peaks for both cycles I a nd 

II, increases with increasing frequency; within the limits 

of the data range of points this peak ratio increase shows 

some form of exponential rise with increasing f requency for 

the logarithmic scale straight line approximations. For 

each frequency value the peak ratio of response increases 

fairly linearly for model values of alpha in cases II and 

III, but model I exhibits slight variations in a few fre-

quency runs. Using this information plots were made to de-

termine the effect of these conditions on the temperature 

peak ratio response as a function of the thermistor loca-

tions along the rod. Figures 28 to 33 show a general trend 

of the space plot of the peak ratios to increase with in-

creasing frequency. This is especially true for models I 

and II, particularly for peak I ratios. The peak II ratios 

also exhibit this behavior, however in model I, the peak II 

ratios almost coincide and overlap, for the longer frequen-

cies or shorter cycle times. The same plots shown for model 

III indicate that the exact reverse is true; for increasing 

frequencies the space peak ratios curve decreases in the 
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cases of both the peak ratio values. This behavior further 

supports that error is most likely shown in the behavior 

of model III . Figures 34 and 35 give further i nformation 

by showing the space peak ratio curve as a function of the 

alpha value for a specified frequency value. These curv es 

show that at a particular frequency value the peak ratio 

response increases with increasing alpha value, for models 

I and II , but not in the c ase o f model III data . In view 

of figures 28 to 31 and figures 32 and 34 , the unusual dip 

in one case and peak i n the other case i ndicates probable 

error at these points for model III . 

Thus it is shown that the relationships between the 

peak ra tios and the alpha values a nd the frequencies seem 

to be c onsistent for t he same ratios as a function of time 

and space for all the models stud ied , except in one instance 

for model III . The major discrepancy shown here is the 

reverse behavior of t he peak ratio space curv e for various 

frequenc ies at a given alpha v a lue. It is fe l t that the 

data from model III is misleading as a result of the lack 

of satisfying one of the s i militude requirements - that of 

proportional core control. The r eason for this goes back 

to the fact that at this low v alue of alph a i n model III 

the temperature changes were so small until the temperature-

power proportional c ontrol of the two cores was almost non-

existent wi t hin the r a nge of the equipment available . So 

basically these data points are not v a lid as in the case 
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of the other data points where in the other models the 

changes in the temperatures in the two cores was lar ge 

enough to warrant the manu a l porportional control . Earlier 

it was stated tha t this effect coupled with the various 

frequencies help to determine the peak levels for a partic-

ular cycle. So if the proportional control in the cores 

was neglected then the rod jus t heated up more dur ing a 

slower heat pulse frequency than f or a faster one . Con-

versely, the other models do exhibit the effect of the pro-

portional control , since the ir s pace peak ratio profiles 

increase with increasing fre quencies or faster cycle times . 

This is again explained by the fact that the input peaks 

are much larger than the output peaks for slower cycle 

times , hence the output to input ratios of the peaks is less 

and less for longer cycle times at a given alpha value. 

Experimental errors may be classified in these groups: 

errors in the e quipment, err ors in c o lle c t ing data , errors 

in calcula tions a s a resul t o f de termining true peak values 

for certain thermi s tor locati ons at certain frequencies . 

The errors in the instruments can be seen fr om the per cen t 

accuracies given in the list o f e quipme nt for e a ch instru-

ment used. The transformer supplying core I with current 

displayed a c o ntinuous tendency t o drift causing error in 

the amou nt of current flowing into core I. Another impor-

tant error factor is the r ela tive error between the e quip-

ment monitoring and supplying current to both the cores . 
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Since the transformer d isplayed drifting tendencies, the 

a rc welder on core II was u sed as a standard in c alculating 

the relative error between the e quipment associa t ed with 

core I and the equipment associated wi t h core II. These 

relative error v alues of per cent a ccuracy values are listed 

in the list of equipment. Another possible error factor was 

introduced in the manner of contact made between the ther-

mistors and the surface of the rod. The thermistors we re 

tied in place by a temperature resistant cloth, thus permit-

ting heat losses . Another source of error was the loss of 

heat down the thermistor lead wire. To minimize (2) this 

the leads were positioned as shown in figure 8 . The ther -

mistors were placed this way relative to the heat flow to 

minimize heat losses down t he thermistor l eads . Another 

inaccuracy introduced was a r esult of the sensitivi ty of t he 

equipment . This largely affected the similitude require-

ment of proportional control in the two core regions . Of 

major importance was the extent of human e rror i nvolved in 

the collection o f the data. All important phases of 

collecting the data were c ontrol led manually. Where speed 

was the important requirement, human response was much 

slower than an equivale nt mechanical response . Another 

important source of error was introduced in the determina-

tion of the true peaks of the temperature outputs a t points 

remote to the driver section of the rod. This problem was 

i nc r eased du ring faster cycle t i mes . 
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CONCLUS IONS 

In conclusion, the model sink frequency was not ob-

served because of two likely possibilities . First it may 

not be a phenomenon for the thermal model analogy and sec-

ond the experimental frequency range may have been too nar-

row to include the possible sink frequency value . The 

frequency range ( 5) studied for the occurrence of the sink 

frequency phenomenon in the UTR- 10 was from 10 to 200 cps . 

The range attainable within the limits of the model study 

was o. s x 10- 3 to 6 x 10-3 cps . From figure 1 it can be 

seen that for the UTR-10, in the same frequency range of 

o. s x 10 - 3 to 6 x 10-3 cps, the magnitude of the detector 

response (5) versus frequency is constant. In other words 

no drop or sink frequency occurs in this freque ncy range 

for the UTR-10 . This indicates tha t if the model frequency 

range were enlarged the phenomenon of the sink frequency 

could possibly be observed. If such a phenomenon can be 

observed in the analogous thermal model , true similitude 

requirements, as calculated earlier , would expand the fre -

quency range to i nclude cycle times in the range of 1 . 785 x 
5 - 6 10 sec or frequencies in the range of 5 . 6 x 10 cps . 

This range would be very difficult to achieve without mak-

ing necessary changes in the presented model design . 
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RECOMMENDATIONS FOR FURTHER STUDY 

The thermal a nalog dev eloped in this research proved 

to be feasib le and similar to the reactor pr ototype system 

in ma ny as pects a lready presented . With more development 

and r efinement o f the equipme nt, it should mode l frequency 

res ponse studies well, a n d give useful information. Some 

points of i nterest for further studies are the fol l owing , 

(a) Further experimental work could inv olve studies 

ov e r larger alpha value r a nges a nd greater frequency r anges . 

(b ) Analytical studies c ould be made to compare with 

the ex perime ntal results. This would inv olv e using a 

d iff erent set of characteristic equations not bas ed on as 

many simp lifying assumptions and approximations . I n this 

area also, work could be done to develop a t ransfer func-

tion approach for the model, since reactor frequency s tudie s 

are done in this aspect . 
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APPENDIX 

List of Symbols and Definitions 

A constant relatin g reactor power to the neutron 
flux 

The peak temperature value in degrees kelvin during 
a given cycle at an output thermistor location 

The peak temperature value in degrees kelvin during 
a given cycle at the input driver section thermis-
tor location, position 10 

A proportionality factor relating temperature to 
the power generated in the thermal analog core 
regions 

The materials buckling, 

The specific heat of the thermal analog heat 
source material 

The specific heat of the thermal analog non-heat 
source region 

The diffusion coefficient for the reactor fuel 
region 

The diffusion coefficient for the reactor graphite 
regions 

The macroscopic cross section for absorption 

The macroscopic cross section for fission 

Neutron flux 

Neutron flux in the fuel region of the reactor 

Neutron flux in the graphite region of the reactor 

The film coefficient in the analog heat source re -
gion 

The film coefficient in the analog non-heat region 

Reactor multiplication factor, othe rwise the thermal 
conductivity when in reference to the the rma l 
analog 



n 

p 

Pos 

R 

u 

u a 

78 

The thermal conductivity in the analog heat source 
region 

The thermal conductivity in the analog non- heat 
source region 

~ L1 -The diffusion length, T 'L.a 
Neutron density, otherwise in reference to the 
thermal analog, the proportionality consta nt 
between temperature and the neutron flux of the 
reactor 

The proportionality constant between dimensions 
in the model and reactor prototype 

The proportionality constant between reactor and 
model frequencies 

Power generated in either model or reactor depend-
ing on case of reference 

Abbreviation for thermistor position on the model 
as indicated in figure 8 

The radius of the analog rod 

The density of the thermal analog heat source 
region material 

The density of the thermal analog non- heat source 
material 

The number of neu trons per fission 

The temperature 

Average temperature of s urrounding air 

The temperature in the analog fuel region 

The temperature in the analog non-fuel region 

Time in prototype 

Time in model 
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w 

x 
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The most probable of thermal neutrons, considered 
5 constant at 2.2 x 10 cm/sec 

Abbreviation for watts, a unit of power 

Frequency in the model system 

The longitudinal distance reference in prototype 

The longitudinal distance reference in model 
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Experimental Data and Peak Ratio Calculations 

Table 4 . Time variation of temperature along the model , 
t r ial 1, 20 minute heat pulse cycle 

Time Temperature at these Thermistor Locations 
(min) ( o p ) 

1 2 3 4 5 

0 109 . 0 111 . 0 116 . 0 116.5 11800 
1 109 . 0 110 . 5 116 . 0 117 . 0 11800 
2 109 . 0 111. 0 116 . 0 117.0 118 . 5 
3 109. 5 111 . 0 116.0 117.0 118 . 5 
4 109. 5 111 . 0 116.0 117.5 119 . 0 
5 110 . 0 111 . 5 116 . 5 117.5 120 . 0 
6 110 . 0 111 . 5 117.0. 118.5 120.5 
7 111 . 0 112.5 118 . 0 119.5 122 . 0 
8 112 . 5 113 . 5 119.5 121.0 124. 5 
9 113 . 0 114 . 5 120 . 0 121 . 5 124. 5 

10 113 . 5 115 . 5 121 . 0 122 . 5 125 . 0 
11 114. 0 115 . 5 121 . 0 122.0 125.0 
12 114 . 0 115 . 0 120 . 5 122 . 0 12405 
13 114. 0 115 . 0 120 . 5 122.0 124. 0 
14 113 . 5 115 . 5 120 . 5 122 . 0 124 . 0 
15 113 . 5 115 . 0 120 . 0 121 . 5 123 . 5 
16 113 . 0 115 . 0 120 . 0 121 . 5 122 . 5 
18 113 . 0 115 . 0 120.0 121 . 0 123.0 
19 113 . 0 115 . 0 120 . 0 121 . 0 122 . 5 
20 113 . 0 114. 5 119 . 5 120.5 122 . 0 
21 112 . 5 114. 5 119 . 0 121.0 121.0 
22 112 . 5 114. 5 119 . 0 120.0 121.5 
23 112 . 5 114. 0 119.0 120.5 121.5 
24 112 . 0 113 . 5 119.0 12005 122.0 
25 112 . 5 114.5 119.5 121.0 123.0 
26 113 . 0 115.0 120.0 121.5 124.5 
27 113 . 5 115 . 5 121.0 123 . 0 125.0 
28 114. 0 116 . 5 122.0 123.5 126.5 
29 115 . 0 117 . 0 122 . 5 123.5 12605 
30 1 15 .5 117 . 5 122.5 124. 0 127.0 
3 2 115.0 1 1 7 . 0 122.0 123 . 0 126.0 
33 115 . 0 117. 0 122.0 123 . 5 126 . 5 
34 115.0 1 16 . 5 122 . 0 123 . 5 12600 
35 115 .0 116 . S 121 . 5 123 . 0 12505 
36 114. 0 116 . 0 121 . 0 122.5 12500 
38 1 1 4 . 0 116 . 0 121.5 122.5 123 . 5 
40 1 1 40 0 116 . 0 121 . 0 122 . 0 123 . 5 
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Table 4 (Continued) 

Time Temperature at these Thermistor Locations 
(min) ( OF) 

6 7 8 9 

0 1 22 . 0 119.0 117 . 5 74 . 0 
1 121.5 119 . 0 118 . 0 74 . 0 
2 1 22 .0 119.0 118 . 5 75 . 0 
3 122 . 5 119.5 119 . 0 77 . 0 
4 1 23.0 120.0 120 . 5 80 . 0 
5 124.0 121.0 123 .5 87 . 0 
6 1 26 .0 124.0 128.0 95 . 5 
7 1 28 .5 1 26 . 5 132.0 103.0 
8 130.5 128.5 134.5 105.0 
9 131.5 129.5 134.5 104.5 

10 131.5 12900 133 . 5 103.0 
11 131.0 128.5 132 . 5 100.5 
12 130.5 12800 131.0 98 . 5 
13 129.5 127.0 129 . 5 96 .0 
14 129.5 12605 129 . 5 94 . 0 
15 128 . 5 125.S 128.0 91 . 5 
16 128.0 125.5 126.5 90 . 0 
18 128.0 125.0 126.0 88 . 0 
19 127.5 124. 5 125 .0 87 . 0 
20 127.0 124..S 124 . S 86 . 5 
21 126.0 123. 5 124 . 0 85 . 5 
22 1 26 . 5 123.S 124.0 85.5 
23 126.5 D23 . s 1 25 .o I 87 . 5 
24 127.0 125 .0 1 27 . 5 94.0 
25 129.5 127.0 132.5 103.0 
26 131.5 129.5 136.0 108.5 
27 133.0 131.0 137 . 5 111.5 
28 134.0 132.0 138 .0 112..0 
29 134 ... 0 131.5 137.5 11005 
30 133.o 131 . 0 135.0 10600 
32 13 2 .0 130.0 134.0 10300 
33 132.0 129.0 133.0 101.0 
34 131.5 128.5 1 31.5 99.5 
35 131.0 128.0 131.0 96 . 5 
36 130.0 128.0 130.0 95 . 0 
38 129.0 126.S 128.0 91 . 0 
40 1 28 .5 126.0 127.0 89 . 0 
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Table Sa . Time v a r i a tion o f t emperature along model r, 
trial 1, 20 minute heat pul se cyc le 

Time Temperature a t these Thermistor Locations 
(min) ( op) 

1 2 3 4 5 

o.o 110 . 0 113.0 112.0 112.0 110.5 
0.5 1 11.0 114.0 112.0 ll2.5 111 .0 
1.0 111. 0 114.0 112.5 113.0 
2 . 0 112.0 
2.5 112 . 5 115.5 113.5 114.0 113.0 
3. 5 116 . o 118.0 116.0 116.0 114.0 
4.5 124.0 
5 . 0 124.1 121.1 1 21.1 117.5 117.5 
6 .0 144.0 136.0 132.0 131.0 
6.5 124.0 
7 .0 163.0 151 . 0 143.0 
7 . 5 142.0 133.0 
8 .5 170.0 157 . 0 149 . 0 
9 .0 147.0 138.0 

10.0 168.0 156.0 149.0 147.0 139 .0 
11. 5 163.0 154.0 147.0 145.0 
12.0 158.0 138.0 
12.5 1 52 .0 145.0 143.0 
13.0 136.0 
13.5 154.0 149.0 143.0 141.0 
14.0 135.5 
14.5 151.0 146.0 141 . 0 140.0 
15.0 148.0 134.0 
15 . 5 144.0 138 . 0 138.0 133.0 
16.5 145.0 142 .0 137 . o 
17 .o 136.0 131.0 
18.0 14 2 . 0 139.0 134.0 134.0 130.0 
19.0 140.0 138 . 0 134.0 133 . 0 1 29 . 0 
20 .0 137.0 136.0 131.5 131.0 1 27 . 0 
21.0 136.0 135 . 0 131.0 130.0 12 7 .0 
22 .5 136 .0 134. 0 130.0 130.0 
23 .0 1 26 . 0 
23 .5 140.0 137 . 0 
24 .0 132.0 132 . 0 127.0 

aThese tables a r e only representativ e o f the total 
experimental data on file in the depar tment. 
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Table 5 (Continued) 

Time Temperature at these Thermistor Locations 
(min) (oF) 

1 2 3 4 5 

25 . 0 158.0 147.0 140.0 139.0 132.0 
26 .0 177.0 161.0 152.0 149.0 139.0 
21.0 191.0 172.0 162.0 157.0 
28 .0 146.0 
28.5 195.0 
29.0 175.0 165.0 161.0 149.0 
30.0 189.5 172.0 
30.5 162.0 158.0 
31 .0 148.0 
32.0 180.0 168.0 159.0 156.0 147.0 
33.0 174.0 164.0 155.0 
33.5 153.0 145.0 
34.0 169.0 160.0 153.0 150.0 
34.5 143.0 
36.0 156.0 155.0 148.0 146.0 140.0 
37.0 156.0 150.0 
38.0 145 . 0 143.0 137.0 
39 .0 152 .0 147.0 142.0 141.0 136.0 
40.0 149.0 145.0 140.0 139.0 134.0 

Table 5 (Continued) 

Time Temperature at these Thermistor Locations 
(min) (oF) 

6 7 8 9 10 

o. o 108.0 105.0 105.0 103.0 98 .0 
1.0 108.0 105.0 105.0 103.0 99 .0 
2.0 109.0 106.5 106.0 103.0 101.0 
3.0 109.0 106.0 106.0 104.0 107.0 
4.0 110.0 108.0 107.5 105.0 121.0 
5.0 112.5 110.0 109.5 
5.5 107.0 158.0 
6.5 117.0 113.0 113.0 
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Table 5 (Cont inu ed ) 

Time Temperatu re at these Thermistor Loc ations 
(min ) ( op) 

6 7 8 9 10 

7.0 110 . 0 194.0 
7.5 1 23 .0 
8 . 0 120.-0 119 . 0 115 . 0 
8 . 5 209 . 0 
9 . 0 127.0 1 23 . 0 122 . 0 
9 . 5 118. 0 

10 . 0 129. 0 201 . 0 
11 . 0 125 . 0 124. 0 119 . 0 191 . 0 
12.0 129 .0 125 . 0 124. 5 120 . 0 182 . 0 
13 . 0 128 .0 1 25 . 0 124.0 120.0 175 . 0 
14.0 1 2 7. 0 123 . 5 123 . 0 119. 0 168. 0 
15 . 0 1 2 7.0 123 . 0 123 .1J 118 . 0 162 . 0 
16 . 0 127.0 123 . 0 122 . 5 118 . 0 157. 0 
17 . 0 1 25 . 0 121 . 0 121.0 118 . 0 
1 7. 5 152 .0 
18 . 0 123.0 120. 0 119 . 0 115 . 0 
18 . 5 147 . 0 
19 . 5 122 .0 118. 5 118 . 0 114 . 0 
20 . 0 143 . 0 
20 . 5 121.0 117. 5 117 . 5 113 . 0 
21 . 0 140 . 0 
21 . 5 121 . 0 118 . 0 117 . 0 113.5 
22 . 0 139. 0 
23 . 0 12000 117 . 0 116 . 0 112 . 0 148.0 
24 . 0 120 . 5 
24o5 117. 0 116.0 11200 
25 . 0 123 . 0 119 . 0 178 . 0 
25 . 5 118 . 0 113 . 5 
26 . 0 216 . 0 
26 . 5 128 . 0 123 . 0 122 . 0 
27 . 0 117.0 244 . 0 
28 . 0 132 . 0 127.0 126 . 5 121.0 248.0 
29 . 0 1 36 . 0 131 . 0 130 . 0 124 . 0 
30 . 0 238 . 0 
31 . 0 137 .8 132 . 0 131 . 0 
31 . 5 125 . 0 220 . 0 
32 . 0 1 36 . 0 131 . 0 131 . 0 
32.5 125 . 0 
33 . 0 201 . 0 
33 . 5 135 .0 130 . 0 130 . 0 124. 5 
34 . 0 197. 0 
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Table 5 (Continued) 

Time Temperature at these Thermistor Locations 
{min) (op) 

6 7 8 9 10 

34.5 134.0 130.0 
35.0 129.0 124.0 188.0 
36.S 132.0 128.0 127.0 122.0 
37.0 177.0 
38.0 129.5 126"0 125.0 
38.5 120.0 
39.0 129.0 125.0 124.5 165.0 
39.S 120.0 
40.0 128.0 160.0 
40.5 124.0 124.0 120 . 0 

Table 6. Time variation of temperature along the model, 
trial 1, 20 second heat pulse cycle 

Time Temperature at these Thermistor Locations 
{sec) (op) 

1 10 3 10 

4 88.0 89.0 92.0 93.0 
6 89.0 89.5 93.0 93.0 

12 90.0 90.0 93.5 93.0 
18 91.0 90.0 94.S 94.0 
24 92.0 91.0 95.0 94.0 
30 92.5 92.0 96.0 95.0 
36 94.0 93.0 96.S 95.S 
40 95.5 95.0 97.0 96.5 
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Table 6 (Continued) 

Time Temperature at these Thermistor Locations 
(sec) (op) 

4 10 5 10 

4 95 .0 91 .0 89 . 5 92.0 
6 96.0 91 . 5 91 . 0 92 .0 

12 96.5 92 . 0 91 . 5 93 . 0 
18 9 7. 0 92 .0 92 .0 93 . 0 
24 98.0 93 . 0 93.0 94 . 0 
30 95.0 99 .0 94 . 0 93 . 5 
36 95 .0 99 .5 95 . 0 94 . 0 
40 95.5 99.5 95 . 5 94 . 5 

Table 7. Sample of peak I and II rat io calculations 
(model I I data) 

Fre- Peak Ratios for these Thermistor Locations 
qu ency 

10-1 ) 
10-3 (x 

x 
cps Pos 1 Pos 2 

Peak I Peak II Peak I Peak II 

3.34 9 . 76 9 .£0 9.69 9 . 48 
2 .78 9.66 9 . 50 9 . 57 9 . 36 
2 ..,78 9 .70 9.£1 9 . 64 9 . 49 
2.38 9 •. 70 9 . 53 9 . 56 9 . 39 
2 .. DB 9.56 9 .44 9 . 43 9 . 24 
2..-DB 9 . 59 9 . 46 9 .. 44 9 . 26 
1.85 9.53 9 . 44 9 . 39 9 . 27 
o .. a3 9.54 9.39 9 . 36 9 .16 
0.83 9.54 9 . 36 9. 39 9 .15 
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Table 7 (Continued} 

Fre- Peak Ratios for these Thermistor Locations 
quency 

10-l} 
x 10-3 (x 

cps Pos 3 Pos ... 
Peak I Peak II Peak I Peak II 

3o34 9 . 67 9 . 41 9.63 9.38 
2 .78 9.51 9 . 27 9.48 9 .. 24 
2.78 9.61 9 . 43 9 . 59 9 . 39 
2 • .38 9..51 9.31 9.51 9 •. 27 
2.08 9 . 34 9 .15 9.30 9.10 
2 .08 9.38 9 . 16 9 . 36 9.12 
1 . 85 9 .3 1 9.15 9 . 28 9 . 11 
0 . 83 9 . 26 9.06 9 . 24 9 . 02 
0 . 83 9 .30 9.05 9.26 9 . 00 

Table 7 (Continued) 

Fre- Peak Ratios for these Thermistor Locations 
quency 

10-l} 
x 10-3 (x 

c ps Pos 5 Pos 6 

Peak I Peak II Peak I Peak II 

3 .3 4 9 . 56 9 . 30 9.51 9 . 21 
2.78 9 .42 9.16 9 .34 9.03 
2 .78 9 .53 9 .31 9 . 46 9 . 22 
2 .38 9 . 44 9 .19 9.37 9 .09 
2 .08 9 . 22 8 . 99 9.13 8 . 86 
2 . 08 9 . 27 9.01 9.18 8 .90 
1.85 9.20 9.00 9.10 8.90 
0 .83 9.16 8.89 9.04 8.77 
0 . 83 9 .18 8.87 9.10 8 . 75 
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~ist of Equipment 

1. Scientific Products - Yellow Springs Instrument Company 

(a) Ten Model No. 427 Thermistors, time constant 
measured to be 0.7 seconds 

(b) Model 42SF Tele-Thermometer 
Ambient temperature range 32° F to 120° F 
Accuracy 
0 to 230° F + 1.0° F 
-20 to 0° F and '30 to 265° ~ + 2.0° F 
- 40 to -20° F and 265 to 300° F + 3.0° F 

(c) Model 4002 Switch Box 

2. Current Meters 

(a) General Electric Company - AC Ammeter 
Typ p-3 no~ 1010558 Capacity 5 amps. 
Resistances at 25° c + 0.25% of full scale 

accuracy 

(b) General Electric - AC Ammeter 
Type p-3 no. 1013466 Capacity 5/ 10 amps 

3 . Transformer built by Monty Parker 
200 amp ability off of the secondary 
Supplied core I of thermal model with current 

4. Variac used in c onjunction with Monty Parker transformer 
Powerstat - Variable Autotransformer Superior Electric 

Company 
Type 2PF 128 input volt - 1 20 12.5 amps 

output volt- 140 

5. Transformers for Current Meters - Two, one for each 
meter General Electric Model nos. 9jPL 

Three turns - ratio 200 to 5 
Relative accuracy 30% 

6. General Cable Guardian - R-600V, Lead Wire 

7. Voltmeters 
(a) Hewellett-Packard- Model 400C 

R.M.s. Volts Range 0.001 - 300 volts 
(b) Hewellett-Packard-Model 4000 

R.M.S. Volts Range 0.001 - 300 volts 
Relative accuracy 22% 
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8 . Desk Fans for model cooling 

9 . Cr aftsman AC Arc Welder Model No . 245 . 20 101 
20 amps - to approx. 190 amps 
Supplied cor e II with current 

10 . Power Supply - Electro Products Lab 
power supply 

0 - 20 volts 
0 - 10 amps 

de 

Model D- 612T' 
Filtered DC 
v o l t scale : 
a mp s c a le: 
output : 0 - 16 vol ts 

used to drive the This was 
mode l 

10 amps continuous duty 
heat pulse section of the 


