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" in connection with the engineering design of reactor structures were

~1-

'GAMMA HEATING MEASUREMENTS IN THE BULK SHIELDING REACTOR
By . |
F. T. Binford, B. S. Bettis. and J. T. Howe .

'ABSTRACT'

A series of experiments to determine the rate of gamma heating ih-
consﬁruction materials in the vicinity of a reactor core of the M.T.R.

type were carried out in the Bulk Shielding Reactor at The Oak Ridge

. National Laboratory. The method usedAemployed measurement of the tran-

sient temperature of the samples during heating‘in the gamma field and :’

cooling after removal from the gamma field. Results suitable for use

obtained using alumimum, lead, iron, and copper samples.
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GAMMA HEATING 'MEASUREMENTS IN THE BULK SHIELDING REACTOR
E. S. Bettis, F. T. Binford and J. .T. Howe

I_INTRODUCTION
Oﬂe of the problems frequently encouﬁtered in the design of a nucleer
reactor is that of determlnlng the temperature dlstrlbutlon in structural
members in the reactor, | |
These structural members, if they are near enough to the core to be
subjeet'to appreclable internal heating due to the deposition of energy
from gamma }adiation, must'be properly coeled to prevent>the4development

of excessive temperetures° Methods of calculaiing such temperature distri-

'bufions, given the heat generation rate, the physical constants of‘the.ma-

terial under consideration, and a description of the method of heat removal,
are well knownl° Estimation of the heat generatlon rate 1tse1f however is
often difficult. |

In order to determiﬁe the heat generation rates in stfuctural members
in connection with the design of'£he QOak Ridge Research Reéctor a sefies
of‘eiperiments, which will be described'belbw, ﬁere pefformed at Oak Ridge
National Laboratory using the Bulk Shielding’Reactog which is the proto-
type swimming pool reactor and is similar in many respects to the O.R. R,

II THEORETICAL CONSIDERATIONS

Consider a small solid body which haeAthermal conductivity k, and in
which starting at some time f Z 0, heat is‘generated uniformly at a con-
stant rate Q (energy/unit time.unit voiume)° Now if L is a éhafacferistic
dimension of the body, and if the quantity QLZ/2K is small, then the tem-
peréture of the bgdyAcan be considered to be viftﬁélly independent of

position in the‘boey;
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~ Assume that heat is lost f rom the body only by conduction at the sur-
face and that the rate of loss of heat is proportional to the temperature .

difference between the body and its surroundings. Then the net change in

heat content can be expressed in the form

(1) VPpC dowy/dt = PV —h 3 B(t)
where here the temperature of the surreundings has been arbitrarily chosen .

to be zero, arid

V = volume of the body
€ = speecific heat -
P = density
Oft) = temperature of the body at time t
h - heat transfer coefficient
S & surface effective in heat removal

Upon letting the initial temperature of the body be zero we have for the

temperature at t:.me t

- At

2 o) = —~(/— ’)
where for convenience wc have set. '
‘ S= hs)V

A= n8/cpv

and o
(3) - M =pCA
Consider now the same body at initial temperature 8 . With no heat

generation the net change in heat content becomes

(L) - VpC abt)dt = — hJe#)
whence the temperature at’ time t is given by
; , t
(5) o) = 0,6

- vhere the value of A in (5) is the same as the value of A in (2)

Thus if ‘the body is heated to a temperature 6,and then the internal

heat source is removed and the body allowed to cool, the value of A can be

* found from a semi-log plot of the cooling curve. Using the value of A and

3¢9 Q@%_ |
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the known valués of f>and C the constant ff can bé computed, Oncé these
constants are known substitution of some known pair of values of t and 8(¢)
into (2’, the hgating equation, permits calculation of Q;

Provided that the assumptions éet forth above are valid, this method
of detérminihg the heat generation rate has two main advantages: (1) The
only physical éonstants thét'it is necessary to know. are .the Sample density

and the specific heat of the material fram which it is made. (2) By al-

‘tering either the heat transfer surface, S, or the heat transfer coefficient,

h, it is possible to adjust the rate of temperature rise to a convenient

level without the necessity of knowing the absolute value of either

parameter.

The obvibus'disadvantages'include>the fact that both k, the conduc-

- tivity, and C, the specific heat vary with temperdtﬁre( In geheral'thése

variations can be neglected if the proper temperature range is used. For

example for Alumimum the value of C increases approximately 8% between 0°

‘ PR - - - : . :
and 100 centigrade, while the value of k remains virtually constant over

" the same réngec' In the experiments described both C and k have been assumed

constant.

The variation of h with temperature depénds on the ¢onditions at the

surface and if, for gxampie, the surface of the body is kept in contact with

water and the body is permitted to become quite hot, themmal convection cur-

rents will be set up which will materially effect the value of h. As will

be shown later this problem can easily be taken care of,

' IIT EXPERIMENTAL PROCEDURE

In general procedure was to place a sample of the material to be ex-
amined in the gamma field from the Bulk Shielding Reactor which was opera-

ting at a constant power level. The temperature change of the sample with
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time was then reﬁorded by means of é'thermocouple imbedded in the sample
and connected to a recording millivoltmeter, WhenAansuitablé temperature
‘was reached the sample was removed from the gamma ray field and~the“ra£e

of cooling observed4on the same instrument. The entire process was aéc&mev
vplished with the sample immersed in the 20' x 20' x LO! reactor pool which
contains water at a temperature‘of approximately 90°F. Thié lafge volume
‘of water, the temperaturelof whichlchanges very slowly‘with timg; égrved

as anuéfféctivg thermpstat thus fulfilling the requirement that ihe sur-
roundiné'temperature_reﬁain constant. during the course of the'experiment.‘

A diagrém of‘the experimentél arrangement together with the core loéding'

in use is shown ih Fig. lo | |

Preliminary tesfs indicated that the heat loss from ;he surface of fﬁe
metal samplqslwhehAimmersed directly in the water was so hlgh that it was
imposéible to obtain Satisfactofy tempefature rises. Théreforé the sample,
whichlcénsistea éf a small cylinder of the material under consideration.was
suspended from'the thermocouple wirés inside a small capsule of aluhinum |
or brass. The cylinder wés pésitioned by‘means oflthfee phonégraph needles
so'that it could not touch the side of‘the,capsule. . The thermocouple leads
were taken to the surface of the water through plastic tubiﬁg with a water
tight seél’where the tubing joined the capsule. 1In view 6f the preliminary
testsAﬁentioneqjgpqyé.ipuis clear that the surface temperature of the cap-
sule remains virtually the same as the surrounding water thus obviating the
poséibility'of changes in h due to convection currents. The arrahgements
.uséd are illustrated in Figs. '2a & 2bs |
The experimental procedure consisted of positioning the capsule.con-

taining the sample on.the center line of the B.S.F. core at a predetermined
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‘horizontal distance from the reaétor by hanging it”ffdm a boom ;pproﬁimately
ten feet long. The boom was then rotated through an angle of 90° td remove .
the4capsu1e‘ffom thé_vicinity:of the core. The reactor waé sﬁarted ﬁp énd"
when the proper steady-state power level was achieved the capsule was
swung,back into position and the. temperature recorded as a function of time.

Aftér_a sﬁitgblevtemperature risé occurred the capsule was-again swﬁng-4
away from tﬁe reactor and the coéiing curve was récorded;

In Some'cases'a vaéuum ﬁaé maintained on the capsule during the heatihg
and cooling prbcesses'and in other natural circulation;qf air waé permitted
through the thermocouple tube. No significant difference was notéd, |
Determinatibns wére ﬁadeﬂusing lead, aluminum, iron, and in one case copper
saﬁpleé. bfhe first‘experiments on lead were run using an éluminﬁmAcapsule
(Fié.VQa). In>the’iéter experiments a brass capsgle which incorppratéd.él
bright aiumiﬁum radiation shield betweén the_sample and the capsulé wall
was used (Fig..2b).. No signiﬁicant’difference was noted in the results.

The measﬁfeménts with the lead sample were made at . the surface of the
reéctor and at distances'from the cpré 6f 3", 6", and 9";.‘Fof aluminum and
iron the heat generated in the samples‘was lower and it was not possible .at
the powef'level available to obtéin reliable results at disfanées greater:'
than L" from thé core. Measurements using these materials were made at the
reactor surface and-at distances of02" and I* from the core. One aetermina;
Htion was made at the surface'using a copper sample. |
IV _RESULTS

Semi~log piots of typical céoling curves obtained are reproduced in
Fig. 3. The valueé of A were determined from these plots and ‘the ¢orres; 
’ponding values of P':;ere galcﬁlated; using the relationﬁ(Bj. The coﬁstants

employed were
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TEMPERATURE (ARBITRARY SCALE)
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RUN 1-A

LEAD AT C

ONTACT (0.4 Mw),

RUN1D

COPPER AT CONTACT (1 .0 Mw)

RUN 1— :
// IRON AT CONTACT (0. 35 Mw)
*~— ——— , : :
— (/S
—— —
\ —+— —— ]
RUN 5-C
ALUMINUM AT 2 in. (0.35 Mw)
2
90 120 150 180 210

O 30 60
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TYPICAL COOLING CURVES
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'_Material . C (cal/gm ?C) g/ec »
Pb : 0.032 11.3
Al : . 0.23 . - 2.7
Cu 0.09% 849k

Several temperatures were ‘chosen from each heatlng curve and, us1né
, the correspondlng values of “\ taken from the coollng curves, the magnl-
tude of Q-was calculated. In order to check the accuracy of these values
”vand to determlne whethcr or not the heat loss term was 1ndeed proportlonal

to the difference in temperature between the sample and its surroundings

~ _each of the heating curves was reconstructed u51ng the calculated value

of Q and the corresponding value of ‘A found from the cooling curve. - In
‘every casettﬁe calculated heating curve was an accurate fit to the e;pEri-:
meatal'carve. ,Several,typical flts'are shown in Figt Lh. The solid lines.
are the experimental curves while the pdints are values of_eff)from ' _
" equation (2) using the calcalated values of Q and ;S . and the experimental
value of A | ' |
| The numerical results obtalned are shown 1n’tab1es I, Ir, III, and
IV.l The average values obta;ned for the heat generation rates have been
plotted against distance in water from the reactor face in Fig. 5;. It can'
be seen that reasonably straight llnes are obtained. The relaxation lengths
are L.S" for the case of lead, L.3" for the ease of iren, and 3.8" for the
case of aluminum. ’ | |

V DISCUSS ION .

Powell and“Sny'der-3 have demonstrated the strong energy dependence of
the absorbtion coefficient for the materlals examlned (Flg. 6) It is
obv1ous that changes in the garma energy spectrum wlll result in correspon-
- ding ehangeS‘in the heat generation rates. In general a given energy flux

is more effective in producting heat in a thin slab of absorber if it is

309 01k




TEMPERATURE (arbitrary units)

UNCLASSIFIED
ORNL—LR-DWG 12581A

o |__SOLID LINE — EXPERIMENTAL HEATING CURVE _2"

® POINTS CALCULATED FROM o
COOLING CURVE SLOPE

4 /
3 A7
¢ I 4
/
vV RUN {—A:Pb AT CONTACT, 0.4 Mw
RUN 1—B: Al AT CONTACT, 0.4 Mw
. RUN {—F: Fe AT CONTACT, 0.35 Mw
RUN 1—D: Cu AT CONTACT, 1.0 Mw
I
0 40 80 {20 160 200 240 280

TIME (sec) 209 012
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TABIE I

.. SUMMARY OF HEAT GENERATTON DATA FOR LEAD

WATTS/GM o

€10 so¢

:

. .RUN'# DATE POSITION T REMARKS
1A 1/31/56 c Ot M4 215.3 Al capsule - no shield - vacuum
27 2/1/56 c 0.1 MW " 137.3 N W " "
34 2/1/56 c 0.l MW 172.3 " " " "
LA 2/1/56 c O.i MW 169.8 T " W "
SA 2/1/56 C 0.2 MH 138.1 woon 4 "
6A 2/1/56 S C 0.2 MW 2.2 LI n "
9A .2/2/56 C O MW 160.9 " A "
15A 2[2/56 . C 0.4 MW 167.4 " u " - ho vacuum
16A 2/2/56 c 0.L MW~ 146.3 - n no n - vacuum
: AVG
TA 2/1/56 3n 0.75 MW 15h.L Al capsule - no shield - vacuum
10A - 2/2/56 3n 0.4 MW 134.1. nom " n
1A 2/2/56 3n 0. M4 125.9 n " " n
: . AVG - : -
8A 2/1/56 .6 1 MW 136.5 10.072 Al capsule - no shield - vacuum
127 2;2;56 én o.h Md 105.6 0.079 u LU : "
13A 2/2/56 én O.Lh MW 112.1 0.079 n " " "
. , . AVG - 4
“1hA 2/2/56 9n O.li MW 120,2 0.037 Al capsule - no shield - vacuum
1E 2/13/56 9w 1MW 8845 0.03L Brass capsule - shield - no vacuum
2E 2/1)/56 L 0.75 MW 112.9 0.041 . n. w non
. AVS
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. AVG

TABLE IT -
SUMMARY OF HEAT GENERATION DATA FOR ALUMINUM
RUN # . DATE POS TTION POWER WATTS/GM REMARKS
B S s , SHARKS
“1B 2/2/56 c 1MW 118.1 0.175 Al capsule - no shield - vacuum
2B 2/2/56 c Ouli MW 95.5. 0.198 "o w.ouno "
1C 2/9/56° c 1 M4 91.0 0.177 Brass capsule - shield - no vacuum
2c 2/9/56 C 1 MW 102.l 0.18Y4 " " L
3C 2/15/C:6 C 0.35 MW 78.3 0,208 n n " " n
| i AVG 10.188] S
Le 2/15/56 2on 1 MW 86.0 0.103 Brass capsule - shield - no vacuum
sC 2/15/56 2n . 0.35 MW 6.6 0.122 L " non
- 6C 2/15/56 2u 1M - 8.0 0,11 N T "o
N AYG 0.11 o o
7C 2/15/56 L 1 MA - 68.8 0.06l Brass capsule - shield - no vacuum
8¢ 2/16/56 Lyn 1 M 70.1 0,06l " " non
. AVG  (0.08L] i
1%‘ TABLE TIT
' -SUMMARY. OF -HEAT GENERATTON DATA FOR IRON-
N # DATE _ POSITION. POWER — WATTS/GH . TEVARKS
: : - ' o ' ‘ MEGAWATT _
- TIF 2716/%6 C 0.35 MW TL.9 0.23h Brass - shielded - no vacuum
LF - 2/17/56 C. 0.35 MW 86.7 0.230 n n nom
S5F 2/17/56 c . 0.35 W 92.7 0,236 n " o
g . . AVG ‘F‘?%? “ S
2F - 2/16/50 2n 0.35 MW . 60,2 0.11] ~ Brass ‘= shielded. - no vacuum
6F 12/17/50 ~2m 10,35 MA 89.7 0.150 n K iom
TF 2/17/50 2 0.35 MW 89.7 0,154 - " " "o
o ' AVG 10,149 T -
CAF 2/16/50 Ly 0.35 MW 51.5 - 0.083 Brass - shielded - no vacuum
2;17§§o ﬁn - o.3§ MW Zg .0 0.097 n " ' LI
2/17/50 - " 0.35 MW .2 0.091 "o om " on

#9




)
TABLE IV

SUMMARY OF COPPER DATA .

RUN #  DATE = - . POSITION  POWER =~ waTts/aM  REMARKS
. W . T 3 N - ‘ . V . }{EGAMTT P . .“._A N . ]

Cu 1D 2-15-56 ¢ 1M 90.70 | 0,197 ‘Brass - shield - no vacuum
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carried by many low energy photons rather than by fewer high energy photons.
For this reason it must be emphasized that these results are valid only in
cases where the gamma spectrum is approxlmately that of the B.S.F.  The -
B.S.F., Spectrum has been measured by Maienschein and Loveh and the energy |
‘flux distribution found is plotted in Fig. 7. As is easily seen this
distribution is displaced toward the higher energles as the distance (in |
water) from thg'reactor is 1ncreased. Very little change in spectrum is
to be expected over the fange in which the present series of experiments
were conducted.
| As was pointed out previously the chéracter'of the proce&ure.is such
vthat it is nbtvnecéssary to have a knowledge of the.actual heat transfér .
mechanism beyond the fact that for each determination it depends only on
the first power of the temperature of the sample. That this is so is
estﬁblished by the shape of thé curves obtained. . Losses by radiatioh which
‘vary as the difference of the fourth power of the surface témperature dif- .
ference are kept small by restricting the temperature to wﬁich the sahple
.is permitted to rise. That these losses‘are.aétﬁally:negligiblé is fur-
ther substantiated by the fact that the introduction of the radiation
shield in some of the experiments gave no observable cﬁange in the results.
The rate of Heat transfer varied from run to run as evidéﬁced,by_the
variation in the values of 9\>. It is thought that most of the heat loss
occurréd due to'conduction by the thermocouple wires and thfough the phono-
graph needles to the wall of the capsule and thence to the pool water.
Several authorg’ggve reported results obtained by the measurement of

static temperatures in various locations in' the M,T;R; and in the L.I.T.R.”

NWote: Several classified reports on this subgect exist but have been
purposely omlttedo
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In view of the probable differences in the energy spectrum because of the

presence of beryllium and gfaphite surrdunding the positions in which these

measurements were made, it is not possible to make a direct comparison of

the results.

-,

1

Tt should also be pointed out that in the present measufements the
heat generation obtained is an average over the volume of the sample and
will be materially effected by the thickness of the sample. Lower results
would be obtained for thlcker samples.

.The measurements described above were undertaken in order to obtain
engineering data for the design of the O.R.R. and are of a preliminary
nefupe.' It iS‘expected that further experiments utilizing the advanfages
of the transient behavior of the temperature will be made in the near
future. It is believed however that the results alreedy obtaiﬁed are
quite valid for use in'the.engineering design of reactors having gamma.rey
spectra similar to that of the Bulk Shielding Reactor. |
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