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ABSTRACT

Savannsh River Plant reactor structure and shield {temperature meas-
urements obtained during P-3 power ascension are compared with ded’
sign calculations. Comparison shows that design calculations are
conservative. Heat generation data from P-5 cycle are also pr-
sented. A * 2°C error may exist in all the reported data.
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Introduction

Miscellaneous center section temperatures have been measured in all
Savannah River Plant 100 Areas by the Reactor Technology Section's
Engineering Studies group. The data collected were never compared
to design calculations. The purpose of this report is to present
reactor structure and thermal shield temperature data taken during
P-3 and P-5 cycleg, and compare them with design caleculations in
order to predict temperatures at higher power levels.

Summary

Reactor structure and shield temperatures were measured at each
step of the P-3 power ascension, and were -compared with design
calculations. Heat generation dats taken in the P-5 cycle are
also given.

Data and curves representing the work done appesr in the appendix.
The more important findings obtained from this study follow.

1. Thermal Shield Maximum Wall
to Wall AT, Metal Tempera-
ture Difference at 700 MW, °C 12.0 15.4

2. Pilm Coefficient From Thermal
Shield Inner Wall to Shield
Coolant, Peu/hr/ft2/°C 150 108

3, Total Reactor Heat Removed by
Thermal Shield Coolant at
700 MW, % 0.178 to 0.183 0.5 to 0.63
extrapolated
"~ 7 - -{P=3 & P«5 data)--- -

Comparison of the measured structure temperatures and the design
values has shown that design calculatlons were conservative in
all cases; ie, the measured temperature differentials producing

stresses are lower than the design differentials.

The reactor data presented should not be considered as completely
accurate. Where absolute temperature values are concerned, an
error of + 2°C may exist even after all allowable corrections have
been made. However, where temperature differentials are concerned,
the percent error may be larger.
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Recommendations

® The extrapolated curves presented in this report should be used
in predicting reactor temperatures at higher power levels.

® Reactor structure temperatures should be measured with the three
16-point potentiometer recorders.

® The miscellsneous temperature recorders should be re-ranged from
0-200°C to 0-100°C, the chart speed should be advanced to
4 inches/minute (to print each point separately), and the re-
corders should be calibrated frequently.

® The miscellaneocus temperature panel telephone jacks and plugs
should be cleaned periodically to removed caked dirt and film,

Discussion

A stress analysis snd limited temperature study was completed for
R reactor based on R-1 data (0 to 200 MW operation). The results
of the R-1 study are presented in DPSP 54-25-38. The bulk of the
data is concerned with stress and motion meagurement. However,
whére temperatures have been plotted and extrapolated to higher
powers, they have been compared with the data obtalned for thils
report. The two sets of data are not in agreement; an explanation
for the difference is given in the succeeding pages.

In analyzing reactor structure temperatures above 200 MW, it was
decided to continue the study in P reactor rather than R reactor
for the following reasons:

® P reactor is operating at higher powers.

@ Many of the thermocouples in R reactor are defective because
they were wetted before being slipped into their sheaths. This
wetting led to subsequent corrosion of the thermocouple wire.

® All the annular shield thermocouples are clipped on the grid
blocks in R reactor, while in P reactor some couples are padded
to the water side -of the shield inner wall. The padded thermo-
couples measure the wall surface temperature, but do not give
the average metal temperature. However, the latter is simply
calculated if heat generation and .longitudinal flux distribution
data are also measured.

The majority of the test data reported herein were measured during

the P-3 power ascension. During the two-week period, the river
water temperature remained essentially constant. '




Some difference of opinion existed as to thermocouple location in
P thermal shield. As a result of conversations with persons re-
gponsible for the installation of the thermocouples, and after
study of the final as-bullt drawings (W-133178 and W-134168), it
was concluded that thermocouples are padded on the shield inner
wall at 3 positions (at 3/4 of the height from each shield tank
bottom, at the midplane, and at 1/4 of the helght from tank bot-
tom), One thermocouple is padded at the midplane on the outer
wall of each shield tank. There are also 9 thermocouples per tank
which serve to follow chaenges in stream temperature.

In June 1954, the Technical Division was requested to determine
the effectiveness of padded thermocouples in measuring metal sur-
face temperature. There wag a possibility that a loosely-peened
pad would permit The shield coolant to lower the indicated surface
temperature The test results have not been published but they

show that peening had a ueg;.:.g].ule ffeect on the thermocouple
reading.

QOriginal Design Calculations

Prior to reactor startup at SRP, calculations were performed to
confirm reactor soundness under thermal stress at maximum antici-

+ A res 1 T M. + Af +the aslenlst+dinneg woeves m =
BELCL POWET seve.is. M0STL O T8 Caililiatlilons wWerc made to rre=

dict structural temperatures in the range 700 to 1400 MW. It was
necesgary, in some cases, t0 ratio design calculstions down rather
than extrapolate the data obtained. Calculated values from the
following documents were either quoted or interpolated: DPEX-602,
DPFEX-451, DPWZ-1415, DPWZ-2510, DP-36, and DPE-772; (see refer-
ences). 1In addition, data reported in DPSP 54-25-38 are analyzed,
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Thermal Shield Stresses

This report does not concern itself with stress work; however, the
temperatures presented should be useful in stress predictions, of
great concern in R and P reactors, from a stress standpoint, is the
annular thermal shield. Two sketches of the shield follow.

Cregs-Section Cne of Three Tanksg
g:T f{zo Duriron - DI Hp0 320 227 Reactor &
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|
v
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o
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About one third of the heat flux incident on the inner wall of the
thermal shield is attenuated in the 5/8-inch stainless steel inner
wall. The heat generated is then transferred to the coolant flow-
ing through the tanks. This heat load causes a temiperature dif-
foyence between the inner and cuter walls. This temperature dif-
ference is a function of both total reactor power and longitudinal
flux distribution.

The shield tanks may be considered as fixed on the bottom, and
their circumferential expansion, when heated, produces negligible
stresses. But the increased vertical motion of the inner wall
over the outer wall sets up stresses in the corner of the support
beam pockets and at the staybolts and instrument holes. These
stresses may become critical at higher powers. A portion of this
report presents reactor data for predicting shield stresses.




Test Measurement Equipment

'b

Miscellaneous Temperature Monitor. This panel board congslsts o

10 rows or 40 telephone Jacks used to measure structure tempera—
tures. About 320 of the Jjacks are in use. One telephone plug
may be used for instantaneous reading of any temperature on a
Brown- precision potentiometer, reading directly in degrees centi-
grade. A total of 64 plugs and 4 Brown precision temperature re-
corder potentiometers are provided for continuous tracking of any
64 temperatures. The use of the precision recorders in subsequent
gtudies has been found to bhe more accurate for temperature data
than use of the single point potentiometer.

e

Flow Metering Devices. Flow rate measurements of DzZ0, deionlzed
water, and river water flow to heat exchangers were made wlth
atendard flow metering orifices. The pressure drops across these
orifices were transmitted by Brown 3 to 15-psi linear flow trans-
mitters to the water graphic panel. Square root flow indicators
were calibrated in gpm.

Pile Power Calculator. This instrument integrates and adds the
product of flow times the difference in heat exchanger exit and
inlet cooling water temperatures for each of 6 hydraulic systems
feeding the reactor. For each system, the pressure drop across a
metering orifice is converted to an AC signasl proportional to the
flow. This conversion is made by an inductance=-coil transducer.
The signal is then fed across 2 resistance-coil thermometers
(thermohms ), which measure H0 exit and inlet temperatures, and
whose difference in resistance is proporticnal to the temperature
rise. Thus a voltage drop is produced across the resistance
thermometers that is proportional to flow times temperature rise,
or heat.

The output from each of the 6 systems is added on a static trans-
former and fed to an AC potentiometer which reads pile power
directly in megawatts. The product of pile power and time is
also integrated to give total fuel exposure time in megawatt-days.

Shield Temperbture Recorder. A 12-point temperature recorder is
provided for recording deionized water inlet and exit temperatures =T
to the top, bottom, and annular thermal shields. River water in-

let and exit temperatures to the shield heat exchangers are also
recorded. The recorder is callbrated directly in degrees centi-

grade,

D20 Temperatures. A Jack box for measuring system inlet and exit
thermohms is provided. The resistances were measured by a precl-
sion Rubicon bridge, and lead resistance was compensated for.
System temperatures were then determined from calibration curves
of the individual resistance thermometers provided by Technical
Divisjon.
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Measurement Procedures

Telephone Plug Heating Correction. The majority of the date pre-
sented are temperatures measured on the Miscellanecus Temperature
Jack Panel. Repeated use of the single telephone plug in hundreds
of jacks introduces an error in the data, caused by heat-up of the
plug from friction. The emf terminals in the plug are steel and
brass, while the thermocouples and leads are iron-constantan. The
dissimilar metal thermocouple formed at the plug adde an emf to
the signal from the hot Jjunction.

The error introduced by frictional heat-up of the plug varies from
2° to 4°C, depending on how tight the Jjack is and on how rapidly
the plug is used. The error is nct conslant; ie, verylng tight-
ness of the jacks changes the error, even when the plug is inserted
at a constant rate. In this study, the error was largely compen-
gated for by periodically comparing the rise in isothermal box
temperature over initial temperature, as indicated by one of the
thermocouples in the isothermal box. It is known that the temper-
ature in the isothermal box will not vary over the time required
to take miscellaneous temperature data. Consequently, a reading
of this box temperature after every 5th plug-in provides ample
datse to correct for heating the plug. This correction was made

1o the temperature data reporied.

In a previous study done in the R-1 cycle, this correction for
heating of the plug was not made (see DPSP 54-25-38), The reported
data are high, and the error introduced is magnified when extrapo-
lating R-l temperature data to higher power levels.

The scheme used for correcting P-3 data 1s reasonable for extrapo-
lating the data to higher powers, but is inferior to another method
used successfully more recently. This involves using the mlscel-
laneous temperature recorders. The recorders were re-ranged from
0-200°C to 0-100°C, the chart drive speed was increased to

4 inches/minute, and the recorders were calibrated to + 0.2°C,

This method eliminates all measurement errors, with the exceptlon
of the thermocouple error. Thus, for the most accurate reactor
structure temperature data, use of the recorders 1s recommended.

Allowance for Equilibrium. Data indicate thermal equilibrium is
reached in the shields after the initial rise from critical in
about 2 hours, and in less than an hour for any subsequent power
changes. All data reported were taken at least 2-1/2 hours after
power change.

Data and Results

General Reactor Data. Figure 1, appendix, 1s a schematic cross

section of R and P reactors. Representative reactor temperatures
at each point on the sketch are presented for each power level in
tables I through V, appendix. Tz, Ts, Tg, Tio, T11, and Tiz vere




obtained from the shield temperature recorder, so that the absc-
lute values cannot be compared with the temperatures obtained at
the miscellaneous temperature jack panel, since one or both instru-
ments could have been in error.

Figures 2, 18, and 19, appendix, show typical thermocouple instal-
lationg in various reactor structures. The thermoccuples in fig-
ures 18 and 19 are padded on the outer tank wall near its weldment
to the bottom shield.

The longitudinal flux distribution in the reactor during the period
data were collected is shown In figure'3, appendix. Flux measure-
ments were made by oscillation of Gang III control rods (nearest
the tank wall).

Thermal Shleld. Reactor data on the thermal shield are given in
table VI, appendix. The absolute values of inlet and exit tem-
peratures can not be compared with wall and stream temperatures,
since the two sets of data come from different instruments, both
of which may be in error. .It was declded to use the deionized
water heat pickup in computing the percent of total reactor heat
generated in the thermal shield, because heat is lost before the
river water removes the heat in the heat exchanger.

Table VII, appendix, gives a breakdown of shield wall metal tem=-
perature differences (not to be confused with the surface tempera-
tures which were measured), heat flux, and film coefficients. Two
setg of data are presented, those calculated from reactor data,
and those interpolated from design calculations.

Thermal Shield Caleculstions

Total Heat Generated

Q = MCAT
where Q@ = heat generated, pcu/hr
M = lbs fluid flowing/hr

C = specific heat, pcu/lb-°C

AT ‘= bulk temperature rise, °C
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% Total Reactor Power Generated

5 - X100
~ 1.897 X 106 X Pile FPower

where Q = heat generated, pcu/hr
1MW = 1.897 X 10 peu/hr
Plle Power = MW

Maximum Incident Heat Flux

b - <
<
where Epax = maximum heat flux peu/hr-ft2
Q = heat generated, pcu/hr
d = shield inner diameter = 16.5 ft

A = area under figure 3, It

Tncident Flux On The Inner Wall At Helght h

EO(p) = WN(n) Fmax

u

EO(h) heat flux at point h

QN(h)

]

normalized flux at
point h, figure 3

Emgx = maximum heat flux




Heat Flux Attenuated In Inner Wall at Point h

Ea.-:EO-El

Ey=LEee - x
Eg = Ey(1 - e™#¥1)
where X = wall thickness, ft
Eg = heat flux attenuated in x ft, peu/hr-ft2
Eo = incident flux, peu/hr-ft2
E, = transmitted flux, pcu/hr-ft2
u = attenuation coefficient, ft™1

Film Coefficient From Inner Wall tc Coolant

E
h o= ——o
ts - tr

where h = film coefficient, pcu/hr-ft2-°C

rrnl A -P 2 °r'¢
UV \'UU-‘-“‘*U, Y LL.L =4

E; = heat flux flowing through film from
N o

tg = wall surface temperature, °C

tp = fluid temperature, °C
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Average Metal Temperature

hy (to - tfo) = Bk + By

h, O
Es
Therefore B =- =
Eq i
to = ty-Bx - (L-e"H"1)
tavg =ty + ==+ — - —— (1l-e T2
g O 2 |J,k ].J.EkJCl ( )
where h, = film coefficient on COs
side, pcu/hr-ft2-°C

t,. = hot surface temperature, °C
tp, = hot side film temperature, °C

E, = incident flux, pcu/hr-ft2

]
|
®
'...I
|.._l
ot
fny
[S
e}
=
=
[
n
o

t, = cold surface temperature, °C
t avg = average metal temperature, °C

B = a constant, °C/ft

i = attenuation constant, ft71

k = conductivity, peu/hr-ft2-°C/ft
Design calculations were based on a flattop flux and on a greater
heat load on the shield. Film coefficients were calculated from
the DG standards. It is believed that the design predicted wall-
to-wall temperature difference is higher becauge of a conservative
estimate of heat generation in the thermal shield (about 0.63% of
total reactor power).
Compensation was not made for the difference in the assumed shield

coolant flow rate and the existing flow rate. Variations in flow
rate will not have any significent effect on the comparison.




Figure 4, appendix, compares both maximum and length average wall-
to-wall temperature differences as calculated by theory and from
reactor data. Thermocouples do not exist on the upper and lower
portions of the outer wall of the thermal shield. It was assumed
that the outer wall temperature would be the same as the bulk
coolant temperature at the same elevatlon. This assumption was
also made in the theoretical approach, and it willl be discussed
in detall when the results are compared wlth design calculations.

Figure 5, appendix, reveals that deslgn calculations are conserva-
tive in estimating the percent total reactor heat generated in the
thermal shield. Reactor data have been collected from all SRP
reactors (including the data in this report), and are presented

as a band with s maximum and minimum. The plot is of great slg-
nificance, since stress in the shield 1s & function of the heat
generated.

Shield heat generation and hest removal data are presented in
figures 6 and 7, appendix. The data were collected during the
P.5 power ascension, using accurately calibrated instrumentation.
The datse are considered to he the most reliable of thelr kind
collected to date.

Analysis of Other Temperatures. Figure 8, appendix, is a plot of
average reactor D0 inlet temperature and top shield delonized
water inlet temperature variation with power. River water tem-
perature has been subtracted from both curves, so the plot should
be useful in predicting the relative motion of the D0 plenum
chamber and the shield at any time of the year, if the wrapper
plate is assumed to be at the same temperature as the deionizer
water in %the shield (neglecting radiation effects).

A plot of reactor tank wall temperatures is presented in figure 9,
appendix. If a graph of temperature versus elevation is made from
the data, the temperstures will follow the flux distrlbution curve.

The reactor tank wall is welded to the bottom shield. A bending
stress is produced at this T, and is & function of the upward
deflection of the top plate of the bottom shield and the outward
expansion of the tank, relative to the bottom plate of the bottom
ghield. The moment is clockwise, Temperature data useful for
computing this stress are given in figure 10, appendix. Data
collected in the R-1 cycle are alsc plotted. The R-1 data have
no correction for telephone plug heat-up, so that they are not
only initially displaced upward, but also spread as the error is
multiplied by extrapclation.

Figure 11, appendix, presents the radial varlation in surface tem-

perature of the top and bottom plates of the bottom shield. Top
plate thermocouples are padded on the deionized water side.
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The variation of the difference between linear average top plate
temperature and the bottom plate temperature of the bottom shield
is plotted against reactor power in figure 12, appendix. Error

in thermocouple readings displaces the curve below zero difference
at 125 MW.

Figure 13, eppendix, is useful in estimating the top plate temper-
ature of the bottom shield at any time of the year. Note thal the
curve i1s for average temperature and not maximum. The curve would
be displaced upward by a factor of about 1.3 for meximum top plate
temperature.

Varistion in top shield surface temperatures with power is given
in figure 14, appendix. The average temperature of the top plate
was sesumed to be the average temperature of the deionized water
in the shield.

Figure 15, appendix, presents temperature data for computing stress
in the expansion joint. The curve gives the difference in outer
and inner edge temperatures of the horizontal plate. In this disg-
cussion, the outer edge of the plate is defined as the edge nearer
the reactor center

Figure 16, appendix, is a plot of bearing ring temperature versus
power. Based on reactor data, the temperature should increase

2O [ A wmr

about 3°C/1l0C Mw.

The concrete shield structure surrounding the reactor apparently
is not heated appreciably. Figure 17, appendix, compares concrete
temperature at a point 3 inches from the 1/4-inch liner on the
inner side of the concrete and at a point 3 feet away. Ambient
temperature is also plotted, and the 2 concrete temperatures vary
sbout ambient temperature and not power.

Figures 18 and 19, appendix, show typlcal thermocouples padded to
the outer tank wall. These and all similar thermocouples:indicate

surface temperature.

Analysis of Results. The data collected in each step of the P=-3
power ascension were corrected for heat-up of the telephone plug.
The method of correctlon was not completely accurate, but it pro-
vided more meaningful results. It also makes extrapolation of the
curves reasonsble for predicting measured temperatures at higher

nowrera
POWETS .

For most of the results, an extrapolation was made merely by draw-
ing the best straight line through the pointg. Other variables
remaining constant, the temperatures should be linear with reactor

power.

Comparison of Data with Design Calculations. In all cases where
calculations were available, reactor structure temperatures have
been compared wlth design calculations. In no case were degign

calculations below measured values.




16 gy

The following assumptions were made in the design calculations.

® Thermal Shield (DPEX-602). The authors assumed natural cir-
culation as the controlling flow mechanism, thus the flow
through individual vertical channels is proportional to the
heat transferred. If this is true, the temperature profile
in any horizontel plane 1s constant, once the film tempera-
ture drop at the inner wall has been effected.

Design calculations are given as the difference between inte~
grated average metal temperature of the imner wall and stream
temperature to represent the total difference between inner
and outer wall temperatures. This was also assumed true for
the upper and lower portions of the shield when reporting
measured values.

® Heat Generation in the Thermal Shield (DP-36). The author
based his calculations on an dnfinite glab pile. For a
cylindrical pile with a cosine neutron flux in the buckled
zone, the heat generated in the various portions of the
thermal shield should be decreased by a constantly increas-
ing factor as one moves from the center of the reactor.

® Top Shield (DPWZ-1415). Calculations were based on a trig-
ium producing pile, which means & higher heat flux than 1f
they were based on & plutonium producer.

® Bottom Shield and Tank Wall (DPWZ-2510). The author assumed
the cold DZ0 ieaving blanket tubes (now Zone III fuel tubes)
struck the tank wall before mixing with Dg0 from fuel tubes.

® Bearing Ring and Expansion Joint (DPWZ-1415 and DPWZ~2510).
Temperatures were computed assuming that the radlation guards
(chimes) are 100% effective in shielding the bearing ring.
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Table I. Mlscellaneous Temperature Data at 50 MW
Temperature, °C
Location* | Temperature, °
Tank A¥¥ | Tank B¥# | Tani C¥¥
Ty 21.5 22.4 22.0
To 22.2 22.8 22.4
Tz 21.5 21.4 21.6
T4 21.3 22.1 21.4
Ts 21.5 21.6 21.6
Tg 21.1 21.4 21.6
T7
Tg
Tg
Ti0
11
Ti2
T13
T14
T15
Tie
At 30° | At 240%
Location | Loecation
T17 26.6 25.4
T8 27.4 26.6
T1g 26.8 27.1
Tog 25.2 26.5
T2l 25.5 24.8
Too 23.5
To3 27.0
To4 26.9
T25 26.1

* See figure 1.
Tanks A, B, and C are thermal shield tanks.

¥ Thermocouple locations on the main tank wall are
measured clockwise from X-2 (North).
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Tahle II. Miscellaneous Temperature Data at 150 MW
Temperature, °C
Location | Temperasture, °C
Tank A Tank B |Tank C
T1 23.9 27.0 25.2
To 23.6 24.8 23.9
T3 23.5 22.8 23.4
T4 22.7 23.5 23.0
Ts 22,7 23.5 22.8
Ts 22.5 22.5 23.0
T 23.8
Ta 24.9
Ty 23.8
Ti0 23.8
T11 23.8
T2 24.0
T13 23.7
T14 25.0
T1s 24.5
Tisg 23.9
At 30° At 240°
Location | Location
Ti7 30.8 29.9
TlB 34.4 34.2
Tlg 36.1 35.1
Toq 36.2 35.5
Too 26.6
Toz 25.6
Toy 25.1
Tos 26.0




Teble ITI. Miscellaneous Temperature Data at 300 MW
Temperature, °C
Location | Temperature, °C
Tank A Tank B | Tank C
Ty 25.9 30.3 28.2
Ts 28.9 30.4 29.2
T 26.3 24.7 25.9
Ty 24.0 25.8 24.9
Tg 24.6 25.1 24.8
Tg 23.8 24.3 24.4
TT 25.8
Tq 27.2
Tg 25.0
Ti0 25.5
Ti1 25.5
Tin 26.0
'I'l3 25.3
T 28.9
14
Ti5 29.4
T].ﬁ 2b.8
At 30° At 240°
Iocation | Location
Ty7 36.9 36.1
T8 43.3 42,5
T19 46.7 45.1
Tog 46.7 47.4
Toq 39.1 41.6
Toz 30.4
Toy 29.1
Tog 25.8

2l




Table 1IV. Miscellaneous Tempersture Data at 370 MW

Temperature, °C
Location | Temperature, °C
Tank A Tank B Tank C
Tl 28.6 32.1 29.5
Tr 30.3 31.5 30.5
T 27.4 25.9 27.0
T4 25.5 26.8 25.8
Te 25.0 26.6 | 25.7
TG 25.4 25.6 25.3
e 27.2
TB 28.8
Tg 26.5
TlO 27.1
Tll 27.1
T 27.1
Tig 26.8
Tya 31.4
TlS 32.4
TlG 27.4
At 30° At 240°
Location| Location
Tl? 40,0 41.2
T1g 50.1 52.4
T19 52.2 55.0
TEO 50.2 52.5
Toy |- S 43.4 . |  45.2
T22 32.9
Tpz %4.5
Tog 32.8
T25 26.1




Table V. Miscellaneous Temperature Date at 410 MW
Temperature, °C
Location | Temperature, °C
Tank A Tenk B | Tank C
T 29.3 33.2 30.3
To 31.1 32.7 31.3
T3 28.2 26.2 27.8
T4 26.4 27.0 26.2
Ts 26.1 26.4 26.1
Ts 26.0 25.9 26.0
T7 28.4
Ta 30.1
Ty 27.7
T™o 28.4
T2 28.4
T2 28.0
T13 27.8
T4 33.0
T15 35.0
T16 28.8
At 30° At 240°
Location | Location
Ti7 41.5 41.9
T8 51.6 52.2
Ti9 54.9 54.0
Too 51.9 54.0
Toq 43.2 44.1
Top 34.5
Toz 35.6
Tog 33.8
Tos 28.4
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Table VI. Thermal Shield Data

Reactor Power, MW

o] 50 ] 150 300 370 410

River Water Temp In, °C 23.5 22.3 22,4 22,6 23,3 24.3
River Water Temp Out, °C 23.2 22.8 24.0 25.6 26.9 28.%
Anoular Shield DI Water Temp In, °C 23.2 22.4 23.9 25.8 27.2 28.4
Anmular Shield DI Water Temp Out, °c 23.5 23.0 24.9 27.2 .2 30.1
Shield Temp {avg of 3 tanks) at location:

1% 22.0 25.4 28.1 30.1 30.9

2% ) 22.4 24,1 29.5 30.8 31.7

i 21.5 25.2 25.6 26.8 27.4

4t r 21.86 23.1 |24.9 |26.0 | 26.5

S 3 2l.6 23.0 24.8 25,8 26.2

oF 2l.4 2a.7 24.2 25.4 26.0
Total Heat to Aanular Shield from

DI Water flaw X AT, Peu/fhr X 0™ G.245 ] (.488 0.815 ] 1.141 ) 1.304] 1.386

River Water flow X AT, Peu/hr x 107® -0.086 [ +0.086 | 0.456| 0.855| 1.026] 1.140
4 Total Reactor Power based on DI water

Eeat plckup 0.515 0.286 0.248 0.186 0.178
Shield Water Flow Rate¥, gpm = 1630
River Water Flow Rate#, gom = 570

* Padded on inner wall.
## padded on cuter wall.

1 Stresnm temperature.

+ Shield and river water flow rates were measured by flow metering orifices.

Teble VII. Comparison of Reactor Data and Design Calculetions on the Annular Thermal Shield

Reactor Power, MW
Reactor Data [avg of 3 tanks) T
Q S0 150 500 30 410
Mox Heat Flux, Fou/hr-ft? (braed on deionized water heat
piokup, eres under figure 5, and the shield ID = 16.5') 483 | 965 1608 2251 2573 2715
Avg Beat Flux, Peu/hr-ft? {pased on figure 3 qu/q“g-l.sz) 315 | 628 1048 14686 1678 1763
Max (midplane] Film &P, °C nok 0.8 1.1 4.7 5.0 5.5
takeiz,
Heat Filux, Eg, Pmesing Through Film at Midplane, Pou/hr-f43 147 | 293 489 684 782 831
Inner Wall Film Coefficlent, Bou/fhr-ft2-°c (h - Bg/AT £ilm) - 386 ddd 146 156 151
Shield Wall to Wall AT, Difference in Integrated Avg Metal g
Temperature, *C, at positions: cosine
1 1.0 3.2 4.5 &.5 5.9
2 ot 1.5 2.1 6.1 6.8 T.2
3 taken| 0.5 1.3 2.6 2.5 2.7
4 linear average / 1.0 2.2 4.4 &.9 5.3
Design Calculations (DPEX-802)
Total Heat Load on Shield, Peushr x 0% o] §.591 1.785 -.570 4.403 4.879
Maxtmm Beat Flux, Peu/hr-pe2 o | 817 2631 5262 6490 71891
Avg Beat Flux, Pou/kr-£t? (based on amax/davg = 1-62) 54l 1623 AT 1004 PY Ly
Midplane Heat Flux Torough Film, R:l.l/‘l’u.'-!‘t’.2 184 580 161 432 1567
Film Coefficient, Pou/hr-rt2 °c (DG 7.020) 55 a7 108 113 118
Tontegrated Avg Metal Temperature differsnce Between Inner
and Outer Wall, *C, at positionss: Flattop = ——0
1 0.7 2.3 4.7 5.9 6.5
2 0.9 2.9 5.7 7.0 7.7
3 1.1 3.2 6.5 6.1 9.0
4 limear average 3 0.9 2.6 5.2 6.4 7.1
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Figure 18.
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Figure 19.

Typical Thermocouple Fadded On Wall
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