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STATEMBNT OF FROBLEM

0ptimum Operation of the OMRE at high power levels requires an accurate
monitoring of the fuel-plate surface temperatures. These temperatures are
4 being measured with 0.005-inch diameter chromel-alumel thermocouples attached
to 0.005-inch thick fuel-plate cladding of Type 304 stainless steel. The thin
cladding precludes the embedment of the thermocouple junction lead-wires and,
consequently, these lead-wires are in contact with the coolant stream. Heat
transfer from the thermocouple junction, by conduction along the lead-wires and -
by forced convection to the coolant, produces a lowering of the surface temper-
i ature in the region of the junction which results in an error in surface temper-
ature measurement. :

oo - Thus, the mere presence of the thermocouple alters the temperature in
‘ : the region being measured; the problem, then, is to determine what the actual
; surface temperature would'be if the thermocouple were not present. In this
&i; report the term "actual surface temperature" will be used to indicate the
surface temperature of the fuel plate in the absence of any thermocouple.
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Theoretical analysis of the temperature error can only be made upon an
idealized modeli therefore,a celibration of the thermocouple assembly under
simulated reactor conditions was required. 4n initial calibration of the OMRE
. surface thermocouples test results indicated a temperature-measurement error
giuch larger than anticipated.l The temperature correction factors were found
to be O.44 and 0.50 for coolant temperatures of 600°F and 500°F, respectively.
The calibration was based upon celculated reference surface temperatures

- utilizing experimgntal heat transfer coefficlientsy the accuracy of these
coefficients was «15%. Considering the magnitude of the temperature-measure-
ment error, a significant error in thermocouple calibration was introduced by
the method employed to determine the reference surface temperatures.

To obtain & more accuratevthermocouple calibration a more direct method
of determining the reference surface temperatures was needed. The calibratica
test reported herein utiliged temperature measurements of the insulated side
of the teat plate as a means of determining these reference temperatures.

II. SUMMARY OF RESGLTS AND RECOMMENDATIONS

A. Test Results

Experimental determinations of the errors in surface temperature
measurements made with the OMRE fuel~element thermocouple assembly were
obtained at the following simulated reactor conditions:

. cc {

Coolant material - Santowax O=M

Coolant temperature . 500°F and 600°F

Coolant velocity 12 and 15 ft/sec

Heat flux ' 70,000 -« 170,000 Btu/(hr) (esqft)

© le -For test conditions which were a combination of the maximum
values of the above parameters and, therefore, most closely conforming to the
actual reactor coumditions, the observed surface temperature was lower than the
actual surface temperature by 30% of the difference between the actual surface
temperature and the-coolant temperature. Under reactor conditions, for
example, 1if the actuel surface temperature ie 750°F and coolant temperature is
600°F, the observed surface temperature will be 705°F.

R

2+ For similar test conditions with the exception of the coolant
temperature which was decreased to S500°F, the observed surfece temperature was
less than the octusl surface temperature by 35¥% of the difference between the
-actual surface temperature and the coolant temperature. Under reactor
conditions, for example, if the actuel surface temperature is 750°F and coolant
temperature is S00°F, the observed surface temperature will be 663°F.

3. Over the range of coclant velocities and heat fluxes investigated
there was no significent effect of these paremeters upon the magnitude of
temperature error.

'ﬁﬁ) 4, Switching the orientation of the separate chromel-steel and
alumel-steel junctions of the thermocouple assembly from the design configure
ation and placing the chromel-steel junction upstream with respect to the
coolant flow direction had no effect upon the magnitude of error in surface
temperature measurement. : ' ‘
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~of a rectangular coolant channel. This coolant channel simulated the coolant

B. Recommsndation

‘le To obtain the actual surface temperature from the observed
values during reactor operation, the following relationship should be used:

T = TO -2 Tc
8 1-2
where
T, = actual surface temperature

T = observed surface temperature

=3
]

c bulk coolant temperature
2 = temperature correction factor

The temperature correction factors for two OMRE design conditions
are tabulated below:

Coolant Temperature ' Coolant Velocity %
°F Feet per Second
. 500 | >12 0.35
600 | >12 0.30

III. DESCRIPTION OF EQUIPMENT

A. OMRE Thermocouple Assembly

The OMRE fuel-plate thermocouple assembly as simulated for the
purpose of calibration is shown in Figure I. The thermocouple lead-wires of
0.005-inch chromel-alumel extend parallel 0.25 inches along the plate surface.
in a direction normal to the coolant flow. Quartz sleeves (0.007-inch I.D.
with 0,003-inch wall) insulate the lead~-wires from the Type 304 stainless steel
surface. The parallel wires are individually spot-welded to the surface
(approximately 0.010-inches apart) forming two separate junctions of chromel-
steel and alumel-steel. The presence of the third metal, steel, does not
alter the chromel-alumel emf if the two junctions are at the same temperature.
Since the thermal gradient in the direction of flow is very esmall thie thermo-
couple assembly has essentially a chromel-alumel junction.

" B. Test Section

The test section, illustrated in Figure-2, contains a Type 304
stainless-steel plate which simulated an OMRE fuel plate and formed one wall

passage between two adjacent fuel plates in the OMRE fuel element. Six OMRE-
type thermocouple assemblies were attached to the surface of the steel plate

TeA.D. 4 z:j;:j l,@(f
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.exposed to the circulating coolant. The opposite plate surface was insulated
by the lavite plate-holder; six reference thermocouples, used to determine the
actual plate temperature, were attached to this surface. The sheathed thermo-
couple lead wires, extending from the regions of attachment to an area ocutside
of the test section, were contained in grooves cut into the lavite holder. The
assembly of the test plate with attached thermocouples, all contaiped in the
lavite holder, was housed in & rectangular stainless-steel duct. ZIwo 250-watt
strip heaters were attached to the external surfaces of the steel duct to serve
as guard heaters. location of the OMRE~type surface thermocouplea and the
reference tharmocouples is shown in Figure 3,

) C. Test lLoo E

- A AR

A flow diagram of the test loop is shown in Figure 4. The loop
"consisted gf 8 120-gpm, 150-ft head, centrifugal process pump, & by~-pass filter,

i

a turbine-{ype flowmeter, the test section, &an air-cooled heat exchanger, a
surge tank, and. a supply tank. Santowax O-M was the circulating fluid. The -
3~inch loopﬁpip&ag was used as & one turn secondary in a transformer to-provide
resistance heating of the piping system. Large components such as the tank,
test section, and valves were heated with strip heaters and heating cable. Flow
control was provided by globe valves in the main circulating system and in the
filter by~pass system.

D, Instrumentation

The test-plate temperatures and circulating fluid temperatures were
measured with 36-gauge chrome-alumel thermocouples sheathed with estainless
steel. The thermocouple emf's were measured with alieeds and Northrup precision
potentiometer with an ice bath reference junction. A bank of 10-point rotary
selector switches was used to permit rapid readings. Calibration of the test-
section thermocouples (OMRE~-type, reference, coolant inlet, and coolant outlet)
with reference to each other under isothermal conditions showed less than 0.3%
devistion from the mean temperatnre.

" Fluid flow rate wae measured with & turbine flowmeter and recorded
on a Foxboro circular-chart emf recorder. Accuracy was +1/2 percent.

""'_,f,

-.:Bystem pressures:were indidated ‘by: Bourdon gauges located in the~
pump suction and discharge piping.

Power input to the test plate was determined with individual
current and voltage measurements. A 0O-5 ampere ammeter was used in conjunction
with a 200:1 current transformer. The voltmeter range was 0-15 volts. The
accuracy of current measurement was +1%. Accuracy of voltage reading was +2%

E. Test Section Power Supplx

Alternating current was supplied to the test plate from a 240-volt
supply through a regulating 15.7 KVA autotransformer and a step~down transformer.
Test section power was limited by the autotransformer capacity to & maximum of
800 amperes at 14.9 volts.

FreEe
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IV.  TEST PROCEBURE®

. Santowax O-M was circulated at constant flow rate and constant
temperature. At ‘a fixed power input to the test plate the system was allowed
to reach equilibrium and the following measurements were taken! '

l. Voltage drop across test plate.
2« Curreant through test plate.
3. Coclant flow rate.
4, Coolant inlet and exit temperatures.
5. Test-plate surface temperatures,-
6., Test-plate reference temperatures.
7« Temperatureg in lavite plate~hclder.
‘ 8. Tenmperaturee of outside surface of test section.

Two sets of meagurements were taken for the same experimental
conditions at & time interval of approximately five nminutes.

h For conditions of constant coolant temperature and constent flow rate,
the heat input was varied over a range of hest flux from spproximately 70,000
to 170,000 Btu/(hr)/(eq ft).

Data were obtained for cooclant températufes of approximately 500°F and
600°F and coolant velocities of 12 and 15 ft per sec.

The test-plate surface and reference thermocouples were calibrated in
place by circulating the coolant at several tenperatures with no power input
to the test plate,

During installation of the test assembly into the test loop two
reference thermocoupleg, R-4 and R-6, were broken. Since repair of these
thermocouples would have caused extensive delay in the experimental program, the
test was performed with insulated-surface temperature measurements taken at four
positions; these measurements yielded adequate information to meet the test
objectives.

V.  DISCUSSION

A. JIntroduction

~ The need for calibration of the OMRE fuel-plate thermocouple
assembly stems from the following reasonss o

l. Presence of the thermocouple on the fuel plate produces local
turbulence of the coolant stream which in turn increases the local heat tranefer
coefficient and results in a local lowering of the plate temperature.

2. Presence of the thermocouple leadewires in the relatively cold
temperature zone of-—the coolant stream induces loss of heat from -the thermo-
couple junctions by conduction through the lead wires and convection to the
coolant, the effect again being a local lowering of the fuel-plate temperature.

Thus the actual temperature of the fuel plate is decreased in the
region of the thermocouple and the indicated plate temperature is too low.

e 255 ~Ag
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Since the local lowering of the fuelsplate temperature is a function of the
heat transfer properties of the reactor coolant, a determination of the extent
of surface temperature measurement error requires test conditioms which will
simulate the reactor heat transfer characteristics. This was accomplished by
circulating the reactor coolant, Santowax 0-M, at the two design coolant
temperatures of 500°F and 600°F, and at the design coolant velocity of 15 _

ft per sec.{also at 12 ft/sec to determine effect of coolant velocity).

B. Method

To calibrate the OMRE surface thermocouple assembly under simulated
reactor conditions an electrically heated plate, insulated on one side end cool-
ed on the other with circulating Santowax-0-M, was utilized. Specimens of the
OMRE-type surface thermocouple assembly were attached to the coocled surface of
the plate and the indicated plate~surface temperatures were recorded. Reference

" surface temperatures of the test plate were measured with thermocouples attached
to the insulated surface of the plate, thus averting the source of temperature
neasurement error inherent in the OMRE surface thermocouple configuration;
namely, exposure of the thermocouple to the coolant streanm.

. =“The reference thermocouples as shown in Figure 3 were not directly
opposite of the asscciated OMRE thermocouples but were deliberately displaced
1 inch upstream. This was done to preclude measurement of a reference surface
temperature which would be lowered by the loccal cooling of the plate caused by
the OMRE thermocouples. Because of their location, therefore, the reference sur-
face thermocouples furnished temperature data which had tec be corrected for the
temperature gradient through the plate and for the gradient parallel to the.
longitudinal axie of the plate; the corrected reference surface teamperatures rep-
“resented plate temperatures in the regions of the OMBE thermocouples that would
exist were. the thermocouples not present, i.e., the actual surface temperstures.

. Calibration of the OMRE thermocouple was accomplished by comparison
of the observed surface temperatures with the calculated.actual surface temp-
eratures under approximate reactor design conditions of heat flux and coolant
velocity. The test data were obtained in two series of experimental runs; one’
series was with the coolant temperature maintained at SO0°F and the other series
was with the coolant temperature held at 600°F,

€. AcCuracy of Results

The maximum probable error in actual OMRE surface temperatures due
to correction of the observed temperatures by the recommended "Z" values is
2.5% for the conditions of 750°F true surface and 600° coolant and 2.8% for the
condition of 750°F true surface and 500°F coolant (See Appendix). This estimate
of error ie based upon the probable error in experimentelly determined temp- -
‘erature correction factors "Z" and the measurement errors associasted with
determipning reactor coclant and observed plate temperatures.

The maximum probable errors im the experimentally determined temp-
erature correction factors "Z" ranged from 13% to 20% (See Appendix).

; To limit the maximum probable error in "% to 20%, data obtained
at heat fluxes lees than 100,000 But/(hr)(sq ft) were discarded. At the smaller
heat fluxes the temperature difference between the test plate surface and the
coolant was too small to yield accurate results because thie'instrutentali:’
temperature measurenent errors were almoet of the same order as the OMRE
thermocouple error being determined. ‘

‘ An irregularity in test data was observed in the series of test rums
made with the coolant temperature at 600°F. The extent of surface temperature

7308 <o0  Uu(
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feasurement error occurring in each of the OMRE-type thermocouples located at
station A was appreciably larger than the errors of the otger four OMRE-type
thermocouples. This behavior was not exhibited in the SO00°F test runs. It was
surmised that when the coolant temperature was at 600°F and the test plate
temperature was around 700°F loes of heat from the edge of the plate close to
station A, due to conduction through the copper terminal to the ambient atmos-~
phere, produced & significant local cooling of the test plate. Since the temp-
eratures indicated by the reference thermocouples at station A'did not deviate
from the normal pattern, the local cooling of the plate did not extend slong the.
plate far enough to be detected by the reference surface thermocouple . Conse=
quently, the calculated actual surface temperatures at station A were too high
and this resulted in the error determination of thermocouples at A, also being
too high. Therefore, the temperature correction factors obtained with these two
end thermocouples for the 600 F coolant test runs were discarded.

D. Comparison of Exp. and Reactor Conditions Affecting the Calibration

, In the OMRE the fuel-plate surface thermocouple is attached to the
fuel plate with the lead wires and their insulating quartz sleeves, the two
Jjunctions, and the steel hold-down straps all located upon the 0.005=inch clad-
ding directly above the enriched uranium oxide fuel. The entire assembly is,
therefore, located on a heat generating surface. In the calibration test this
thermocouple configuration was simulated by attaching a duplicate of the thermo~
couple assembly to an electrically heated plate. The presence of the steel hold=-
down straps in the thermocouple assembly, however, produced & temperature pertur-
bation effect under test conditions slightly different than their effect under
reactor conditions.

The effect of the straps in the reactor thermocouple is to slightly
cool an area of plate surface adjacent to the welded ends of the straps; the -
straps act as fins. This cooling effect of the straps was somewhat emphasiged
in this test $Hince the 0,003 inch thick straps afforded a parallel path for the
electric current which heated the test plate. Proportionately less heat was
generated in the plate directly under the straps by the ratio of the plate
thickness (0.020 inches) to the sum of plate and strap thickness (0.023 inches)
However, the 13¥% loss._in -heat generation within the plate was offset, to an -1
extent, by the resultant reduction in the fin cooling effect of the strap because
of the heat generation withingthe strap. The overall effect upon the plate
temperature at the thermocouple junctions, which were located approximately 0.0104
inch away from the straps, is considered insignificant because of the relatively
low thermal conductivity of stainless steel which was used for both fuel-plate
cladding and test plate.

E. Comparison of Results with'Previous Thermocouple Calibration Test

As stated earlier in this report, a calibration test of the OMRE
fuel-plate thermocouple assembly was performed prior to the test being reported
herein. In the first test an electrically heated plate containing four specimens
of the subject. thermocouple assembly was mounted in the center of a rectangular
coolant channel, and with coolant flowing on both sides of the test it was
impossible to measure a reference surface temperature. However, from a knowledge
of the heat flux q/A, and coolant temperature, Tc, the reference temperature, Ts,
was calculated by utilizing experiment&l*heab;transfen coefficients in the

relation:

g _ - ,
i h(TB Tc)

736-8-¢ . e55 no8
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At coolant temperatures of 600°F and S500°F, the temperature correcte
ion factors determimed—4in this test were. 0.30 and 0.35, respectivelyy whereas,
in the previous test the values of "2" were O.44 and 0.50, respectively.

Although the results of the two tests do mot egree as to the mag-
nitude of temperature measurement error, there is approximate agreement as to
the effect of coolant temperature upon the:change in the error. - Lowering the

coolant temperature from 600°F to S00°F resulted in about the same percei%age
increase in the error for both calibration tests.

Since in this test the variables ¢/A, T g+ 8nd T were measured

quantitiee. the heat transfer coefficient, h, can be calculated. It is interest-
ing to note that the calculated values of h determined in this experiment are -
approximately 50% higher than the heat transfer coefficients obtained by
Silververg and Euber.© Additional experimental kheat transfer data, preferably
obtained in rectangular coolant passages,may possibly explain the discrhpancy
in heat trausfer coefficients.

VI. SAMPLE CALCULATIONS

Celculetion of the Error in Surface Temgeéature Measurement

"The following calculations are based upon data sbtained in test run
No. 1520 Test conditions weres e

Coolant temperature = GOO°F y
Fluid velocity e 15.0 ft/sec
Heat flux z 165,000 Etu/(hr) (eq ft)

A. Calculation of Actual Surface Temperature (r.).

The test section configuration is essentially equivelentto the

case of & flat metal plate ideally insulated except on one surface. Heat is
generated uniformly throughout the plate and is dissipated at the uninsulated
surface by transfer to a liquid. Assuming the liquid temperature is constant:
over the entire surface of the plate, (a condition approximately satisfied in .
the test); the temperature drop from the insulated to the colder surface is
found as follows?
(1) =q X =-kAgdt

9 * 9 x, o

heat current at e distance x from adiabatic surface
(Btu/hr).

where qy

g = total heat generation (Btu/hr).
- ‘xtv’ diatance‘from adiabatic surface to cooled surface (ft).
A = area of heat transfer surface (sq ft).

\ﬁj k = thermal conductivity of stainless steel plate (Btu/(hr)(°F)

730-8-6 S nagy
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integrating equation (1)
T'

X, r
9 5 xdx = - ktL at
x, o r

t

where Tr = temperature of insulated plate-surface

L]
]

temperature of cooled plate-surface (see Figure 2)

'
= =kA (T_ - T.)
r r

t

(2) T, =T, = - q.x
2kA

t

and x, = 0:020 in = 0.00167 ft
12 in/ft

k = 12 Btu/(hr)(°F)(sq ft)/ft
[3.413 Btu/(hr) (watt)] [EI (watts}]

q =
= 3.41% 14.8 x 800 = 40,400 Btu/hr.
A = 17.875 in. x 1.977 in, = 0.245 sq ft
14 sq in/ sq ft
Substiﬁyting into (2) ,

' =T = 40,400 x 0.00167 = - 11°F
T 2 x 12 x 0.245

Measured values of Tr were:

o (.4
T, = 689°F ‘Second subscript indicates thermocouple
) position. (See Figure 3)
T . = 707°F
r3 .
[ a4
Trs = 705°F

therefore, the reference temperatures adjusted for T through the
plate were:

Trl = 692°F
Tr2 = 678%
v’ = 696°F

r3

e

“@*
&
[}
o
fd
o
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7' = 69k°F

rs =9

. Assuming & -linear variation in test-plate temperature between
thermocouple stations A' and C', the actual surface temperatures at
thermocouple stations Ay B, and C were obtained as followa:

. ] .
Tl‘3 " Trl ' = 4oF = 1°F/in.
distance between thermocouples Fin

therefore, since TB is l-inch above the corresponding T;

T, = 691°F
T, = 677°F
Tgs = 695°F N
Teg = 693°F

Based upon the symetrical spacing of the pair of thermocouples at
each reference thermocouple station and the small variation in plate surface
temperature in the direction normal to the coolant flow, equality of calculated
ectuel surface temperatures at each of the OMRE~type thermocouple stations &
expected, Consequeantly, values of T 2 ané, therefore, the derived values of
T . were disregarded, Actual surfack temperatures employed irn subsequent
cﬁiculations gret

Tal = Ts'-l = 691°F

Ts2 = TBS = 693°F

T83 = TBG ﬂ 695YF

B. Difference Between Actual Surface Temperature and Observed Surface
Temperature, (Te - To).

Observed surface temperatures weres

T,y = 661°F
T,, = 666°F
T,3 = 671°F
T, = 660°F
Ty = 667°F
T, = 669°F

730-Q-6
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" therefore R ‘- T
TBl - Tol e 691 - 651 = 30°
TBZ - TOZ = 27°
- : °
Ts} T05 s 24 .
T - Ty = 31° ,
- ° ‘
T85 TOS e 26 | a
- L
k.”“ TBG T 6 = 26
C. Local Coolant Temperature (Tcz ’
OMRE Thermocouple Station Distance Downstream of Channel
Entrance
A . a 16.75 inches
B ‘ o 14.75 inches
(o 12.75 incheg

Total length of teast channel = 17.88 inches

Assuming - & linear increase in coolant tegperature within the test
channel. the coolant temperature in the regions of the surface thermocouples is
obtained as followa:

At st&tion Ay T =16. (AT ) + T -

- ch o c ¢ inlet
T;A = 0.71 x 9° + 600 = 606°F
At station B, T . = 607°F
At atation Cy T . = 608°F

D, Difference Between Actual Surface Temperature and L.ocal COolant
: Temperature

T - T = 691 - 605 e 85°F

sl
T2~TB=695- 607:86°r

T, =T, = 695 - 606 = B9°F B -

a3
_ u Ty = TcA=691-606=8§°F
a5 - T p = 693 - 607 = 86°F

TBG - T c* 6?5 - 606 = 89°F

730-Q-4 . 9_‘}5 . .ﬂ?.@
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E. Magnitude of Error in Surface Tempersture Measurement

The magnitude of surface-temperature measurement error for the
OMRE thermocouple esseembly is best expressed as follows:

% Error = (Ta'- To) 100

T «T)
& c .
Thus if T° = Te = the error will be zero and if To = Tc the error will bve
100%. o '
» 2) Error in thermocouple assembly Tol -
s : . e s % Error = %g(loo) e 35
, S _

b) Errer‘in thermocouple assembly Toa
% Error g %%(100) e 31
¢) Error in thermocouple assembly To3

% Error = 24 (100) = 27
o . )

d) Error in thermocouple assembly T94

% Error = g;(loo) = 36
e) Error in thermocouple assembly ToS

% Error = 26(100) = 30
- 19

. - -

f) Error in thermocouple mssembly ToG

% Error = 26(100) = 29
- B9

F. Temperature Correction Factors (Z)

2 i& defined as follows!
&= TB - To
Tg = ¢

Therefore, for the six test specimen thermocouples, the values .

- of Z ares - i

Z, = 0.36

Z,

. ooy

= 00}1
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Z3 e 0327

3]
&+
#

0436

N
]

Ce30
Z6 = 0.29

G. Heat Balance

l. Heat imput to test plate
qy = 3.41% EX , S
qy = 3.41 x 14.8 x 800 = 40,400 Btu/hr e e
2., Heat output to coolant |
q, = \'!ep AT
where w = mass flow rate,lb/hr
w = AVp
A = area of coolant channelysq ft
«<« ¥ £ coolant flow rate,ft/sec
¢ = density of Santowax O=M € 600°F.1b/!t3

. ~ w e (0,160 4n) (1.977 in) (15 ft/sec) 3600 se¢/Er(53.0 lb/Cl)l
: ft

ol

| 14k gq in/ eq ft
w = 6,270 1b/br | |
e = 0.000’-&}}T + 07.372 {(where T = temperature, °F)

c = 0,000433 x 600 + 0,372 = 0,631 Btu/1b-°F

AT = temperature rise of cooiant in test channel = 9°F

. 6,270 1b/br x 0.631 Btu/1b-°F x 9°F = 35,600 Btu/hr.

L)
L]
L]

3. Heat loss from test section at zero power input
= This qub.ntity wag determined with teat conditions-as

previously indicated except for the coolant velocity which vas
12.2 ft/sec instead of 15.0 ft/sec.

'11‘ - wcpM.‘
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S e

_ (12 2 ttéaec) (6,270 1b/hr)| (0.631 Btu/lb-°r;“fé;f)
h (15,0 ft/sec) ;] o

q = 6,440 Btu/hr

4, Tota}~heat ocutput (qo + ql) i

by

; + ql = 35,600 + 6,440 = 42,040 Btu/hr

Comparing this value with the total heat input, a heat
balance having reasonsble agreement is obtained.

The heat loss by conduction from the test plate to the
copper terminals at each end of the plate is minot because of the
small crosse-sectionel area of the plate and is, therefore, '
disregarded in the heat balance calculationi T

E. Heet Transfer Coefficient

W T

h = (g) ()
4 at

where g = heat flux, Btu/(hr) (eq ft).
A

At = temperature difference between test-plate surface and bulk
=fuid (mean value), °F e

k= (1264,900) (%6) e 1910 Btu/(hr) (sq ft) (°F) 1
Thie velue is 58% higher than the heat transfer coefficientsof

1200 Btu/(br) (eq.ft) (°F) used 1n the previcus calibration test
cited in reference k.

i‘{
:
i

- Originel deta for this report are recorded in Laboratory
Notebook No. 3845.
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B. Appendix

Maximum Probably Error in Determining OMRE Fuel-Plate Temperatures

The relationship employed to determine the actual OMRE fuel-
plate temperature is obtained from the expression for "2" by
solving for Ts and is :

T -2 T
T = O [
B 12

Assuming that the quantities To and Tc are measured in the OMRE
with reasonablp accuracy (within 0.5%) the error in determining

determineédquantity "Z". To determine the maximum probably error
in Ts it is first necessary to determine the probable error in "2%,

1. Maximum probable error in "Z" (Data obtained in Run No. 15-20
for OMRE~type thermocouple soecimen T 3) as previouaﬁ defiped:

T =T

8 o

T T oT
5 ¢

The estimated maximum uncertainty in the measured quantities
obtained in this experiment for actual surface temperature,
observed surface temperature, and local coolant temperature were:

Quantity Value at T/C_Position '1‘03 Maximum Uncertainty
. ‘o o
T, 695°F | AT, =+ 3°F
o : o
To 671°F _ ATO =% 2F
T 607°F AT =+ 2°F
c . c -
Im“ N v~ >
' o5y 076
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In the above tabulation the uncertainty in Ts is increased over
those for the other temperatures to account for the additional
correction in Ts for nosition along the fuel element. By the
method of partial derivatives the maximum probable error in "2%
is obtained as follows:

. 2Zj 23 =2z
4z = '«)TiATs) + ’aTgATo) + % (ATcu)

R

where 22 Too¥e >
9Tg :Ts- c)
9z  _-1
ST =T <7
o s ¢
D% - T -’.l‘o

To obtain the maximum probable error, the absolute Values of the
partial derivatives are taken.

e S ._~_.

(To‘-‘Tc)(A'rs) (1)(ATO) (T -7 T(AT )

- LZ = + +
-7 )2 T T (T -sz)z
(Ts Tc) s "¢ 8 "¢
(671-607)(3) (1)(2) (695-671)(2)
bzo= ?395-3075é +895-607  *1695-607)2
&2 = 0,537
The maximun probable error in "2Z" for the 600°F coolant condition
is ' :
AZ _ 0.0537 | . |
AT x 100 = + 20%
2. Maximum probable error in actual -OMRE fuel-plate surface '
temperature. ‘
T «2 T
T =_0 C
8 1-2

By the method of partial derivatives the maximum probable error
in Ts is obtained as follows:

S
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c cr DT,
ATy =BT A1) + 57 02) +o5p (AT
where ’aTB 1l
or, 1-2
9% | LT
oz (1-2)2
°Ts | 2
ar, 1-2
(1)(aT )  (T-T )oz)  (2)er)
andaT = L <+ o (2: + £
® 1-2 (1-2) 1-2
Approximate values of To, Tc agd Z are 7059F,' SOgoF and 0.30
under OMRE design conditions of 750 F surface and 600 F coolant
temperatures.
st ‘(1)<3) . (705-600)(2.0532) . (0.30)(3)
1-0.3 (1-0.30) 1-0.30
ATB = L"c} + 11-5 + 103
AT =3 17°
% Error = (17)€100) _ 2.3
750
TR IR 295 018




O/ v‘( = mess rate of flcw,ylb/hr
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i N0GRAM

.

k]

Cs %,Nomenclature
A = &ree sq ft
Cp e . Specific heat,Btu/(1b)(°F)
E @« electricel potentiel across test plate, volts .
h e heat transfer coefficient Bthhr) (sq £t)(°F)
I = current flowing in test plate, ampefes ‘ .
kX e thermal conductivity, g(hr) (sq £t) (°F)/( ft) B
q = heat generated within test plate, Btu/h.r ]
| 1.11 = heat loss from outside wall of test section, Btu/hr
v ~ qo* ;“ieat input to coolant from test pla&;—g‘“tt;/hr
T. =« bulk coolant temperature, °F

c
T = sur.ﬂ‘aca temperabure of test plate or OMRE fuel plate

° ixyucated by OI{RE thermosouple assembly, OF
Tg - actual test plate or OMRE ﬂuel—plate surfece temperature, Op
Tr

'w reference surfece temperature, Of ‘
g = local bulk coolant tempersture at thermocouple station 4, °F

Te
Teg ® local bulk coolant temperature st f:heimogauple‘stafion B, °F
- | Tec ® local bulk coolent temperature &t thermocouple station C, °F

- | T‘ = reference surfece temperature ad:jus'oed for temperature drop
‘ r through test plate

AT, = temperatuve rise of coolant ﬂowing through test section, Op
AT, = ungertainty in measurement of observed surface temperature, °F
ATa e uncertainty :l'n meesurement of sctual surface te;mperamre » Op
AfTcue uncertainty in neasurement of ‘coo_iantu tampers}xfture', °r

V = finid velocity, sversge, ft/sec

© = density of coolant, 1b/(eu ft):':-
Subscriptss 1, 2, e.e = identifying number of thermocouple specimen.

9

b
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