operated by

UNION CARBIDE CORPORATION
for the

U.5. ATOMIC ENERGY COMMISSION

ORNL~- TM- 178

COPY NO. - 4

DATE -

NOTICE

This document contains information of a preliminary nature and was prepared
primarily for internal use at the Qak Ridge National Laboratory., It is subject
to revision or correction and therefore does not represent a final report, The
information is not to be obstracted, reprinted or otherwise given public dis-
semination without the approvael of the ORNL patent branch, Legal and Infor-
mation Control Department,



Comparison of Fuel Assembly Tests Prognosticated for the EGCR Loops

Since the EGCR experimental loops need to be designed to accommodate
tests of advanced types of fuel assemblies, a cursory comparison has been
made of various fuel designs that have been proposed for future gas cooled
reactors in terms of limiting design performance and operating conditions
relative to what can be achieved in the EGCR experimental facilities. In
the reactor concepts, metal clad assemblies are considered limited by the
maximum allowable clad surface temperature, and unclad assemblies are limited
either by thermal stress or problems in fuel loading. Three types of fuel
assemblies have been considered: (a) multi-rod clusters clad with either
stainless steel or beryllium, (b) parallel plate arrays of unclad graphite=-UC
or BeO-UO2 mixtures, and (c) unclad BeO~U’02 tubes placed within bored Bel
hexagonal prisms (hex-block configuration). The graphite moderated fuels
were considered to be cooled by helium or hydrogen and the Be( moderated
fuels by carbon dioxide or hydrogen. Operating pressure levels in the
reactor concepts were calculated from the assumption that the pumping power
required to circulate the gas through the reactor core would not excesd o
percent of the total heat generated.

An immediately obvious difficuliy in attemplting to simulate reactor
service conditions in the EGCR loops for the high performance assemblies is
the inability to achieve comparable power densities, at least without
resorting to unreasonably high fuel loading. Consequently, the test condi-
tions cannot match the design requirements in all respects, and one or more
operating conditions must be relaxed for the EGCR experiment. Nuclear
characteristics of the EGCR and difficulties inherent in loop design have led
to assignment of th?lfollowing approximate performance limitations for the

experimental loops:

l"Criteria for EGCR Loops" - F. H. Neill, Nov. 25, 1959, Letter to
Distribution.




(a)

(b)
(c)
(a)

(e)

(£)

(g)

(h)

Maximum heat generation per loop is 1.5 Mw in a 15 foot assembly,
or 100 kw/ft average.

Maximum local heat generation is 150 kw/ft.
Maximum inlet gas temperature is 9500F.

Maximum outlet gas temperature leaving reactor zone is lOEOOF,
which can be achieved by attemperation with inlet gas, 1f higher

test temperatures are required.

There is no provision for regenerative heat exchange between inlet

and outlet gas streams.

The capacity of the heat exchanger (heat sink) in the external
part of the loop is limited to 1.5 Mw at 500 psia gas pressure,
with 1050°F ges inlet and 600°F gas outlet temperature. The
capacity is reduced in proportion to gas pressure at lower pressure
levels (constant volume flow of gas), and in proportion to the
average temperature difference across the tubes for lower outlet

temperatures.

The loop blower system is sized to deliver 9200 1b/hr He or 41,000

lb/hr CO2 at 500 psia and 6OOOF, which is the flow equivalent to

1.5 Mw at a AT of NEOO .(2) For this study the system was assumed
capable of handling any gas at a maximum flow of &igg cfm. Tempera-
ture deviations from 600°F were neglected. CﬁM

Maximum loop operating pressure is 1000 psia.

From the concepts of reactor performance, corresponding experiments were

calculated for the EGCR loops in which the reactor design operating conditions

were adhered to wherever possible. Where compromises had to be made the power

2Data from C. L. Segaser.



density, gas flow, gas pressure and gas temperatures were allowed Lo change.
The one reactor condition which is unchanged is maximum fuel surface tempera-

ture.

The question arises as to the possibility of testing only a small length
of the assembly at the maximum service conditions, thus holding the total
heat generation well within the capabilities of the heat exchanger. Experi-
ments of this kind can, of course; be done, but the conditions will be even
further from design because either the inlet gas will be too cold to permit
reaching the design surface temperature (as appreciable preheating outside of
the reactor is not practical) or the gas flow is reduced excessively to allow
very high film tempersture drops. It is belleved that the gas flow should
approach design as closely as possible within the limits of total heat gen-
eration available in assemblies of maximum length, thus using the lower part

of the fuel assembly as its own gas preheater.

Multi~-rod Clusters

Eleven concepts for rod clusters and the corresponding EGCR experimental
conditions are shown in Table I. The method of calculating the reactor condi-
tions from a given fuel rod diameter and cluster size, and reactor tempera-
tures, is that developed by Epel,(S)
Dittus~Boelter equation and the Blasius equation for friction pressure drop.

using essentially an energy balance, the

The first four cases represent actual reactor designs which are included
for comparison. The last seven cases represent advances in performance over
the first four, largely in the direction of increasing number of (thinner).rods
in the cluster and higher gas pressures. Assemblies for all cases éxcept
numbers 6, 9, and 10 can be tested in the EGCR loops without compromise of

reactor conditions (except channel length in some instances). Cases 6, 9,

3"A Parametric Study of a Gas Cooled Reactor" - L. G. Epel, ORNL
CF-59-7-88, July 24, 1959.




and 10 (and also case 8) are perhaps indicative of the practical upper limit
to clad fuel element performance in that the rod cluster i1s complex and hence
expensive, there is a greater ratio of cladding to fuel (decreased neutron
efficiency) and gas pressures are high. These three cases cannot be tested
under full reactor conditions in the EGCR loops. because the design heat gener-
ation exceeds 1.5 Mﬁ. However, the design maximum surface temperature is
achieved by lowering the mass flow and readjusting gas inlet and outlet temper-
atures as shown. In all cases except 9 and 10 the minimum loop pressure
corresponds to the reactor service pressure. The exceedingly high reactor
pressure of cases 9 and 10 need not bé used in the experiment unless desired.
At reduced heat rates there is an advantage in using the lowest permissible
pressure in that the gas velocity past the assembly is then maximum and the
assembly is subjected to the severest dynamic conditions. 'The lower external
pressure on the cladding, however, can exaggerate the deleterious effect of

fission gas build-up on heat trapsfer from fuel to cladding.

Parallel Plate ASsemblies

8ix concepts for parallel plate assemblies in squsre array were calcu-
lated, along with the corresponding EGCR experimentsl conditions, and are
shown in Table II. Since surface temperature is not a serious limitation for
unclad ceramic-type elements the heating rate was considered_to be limited only
by the maximum allowable thermal stress in the fuel plates or by probable
limits of practical fuel loading. The method of calculating reactor conditions
is essentially that of Carlsmith,(h) with the exception that a chopped cosine
axiél power distribution of 1.32 maximum-to-average was assumed instead of a
f£lat distribution. For a given combination of fuel composition and coolant,
and with the fuel power density limited only by thermal stress, the plate
spacing is determined entirely by the plate thickness, the maximum temperature
drop through'the gas film and the average linear rate of gas temperature rise.

This relationship is shown in Fig. 1 for_both graphite-~-helium and BeO-CO2

u"Power Density in Ceramic-Fuel Element Gas-Cooled Reactors”, R. S.
Carlsmith, ORNL CF-59-8-37, August 14, 1959. ,



systems, for selected gas film temperature drops and plate thicknesses, and
the equation on which the plot is based is derived in the appendix. It was
assumed, of course, that the mechanical and thermal properties of the fuel-

moderator mixture were the same as the pure moderator.

In all of the graphite moderated cases the heating rates exceed the 1.5
Mw EGCR mwaximum by appreciable factors. Consequently, the EGCR test condi-
tions deviate considerably from the reactor concept. Attemperation of the
outlet gas is obviously required in all cases since very high outlet tempera-
tures are postulated, and mass flows are much below design Qélues. The
maximum surface temperature is maintained, however, without unreasonable de-

viation in the other conditions.

The BeO moderated cases shown can be matched much closer in tempera-
tures and gas flows than the graphite cases in the EGCR loops because of the
comparatively low limit on fuel element power density calculated by Carlsmith.
If the BeO will relieve the thermal stress through creep,(S) thé limiting
power density relationship to plate or tube thickness used in this study could

be increased for the reactor concepts.

The power outputs of these assemblies could be reduced materially by
assuming a smaller fuel cross~section, thus permitting the overall EGCR
experimental conditions to approach closer to the reactor concept. However
there is a limit to size of cross-section below which the data cannot be
reliably extrapolated. A two-inch square array was chosen arbitrarily,
partly to illustrate the nature and relationships of the deviations of the
experimental conditions from the reactor concept and pasrtly because the plate
width is prcbably as close to the plate spacing and thickness as can be used
without introducing excessive extraneous effects into the experiment. Also,
it appears that a two-inch square assembly can be fitted into the smaller
EGCR loops without much difficulty.

5Suggestion by A. FP. Frasas.



Hex-block Assemblies

The hex-block assembly consists of a cylindrical fuel-bearing tube
centrally placed inside a bored hexagonal prism, the assembly having the

cross~section shown below.

AN

This configuration differs from the other two considered in that part
of the moderator is separate from the fuel an& therefore need not be
reprocessed. Also, in the EGCR experiments the hex-block itself provides the
separator for the heated circulating gas and the bypass stream required for
attemperation of the gas leaving the fuel tube, ‘The design appears to be
particularly attractive for BeQ moderated reactors.

Six concepts for hex-block assemblies are presented in Table III, along
with the corresponding EGCR experimental conditions. As with the parallel
plate assemblies, the heating rate limit is determined by the allowable thermal
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stress (tensile) in the outer wall of the fuel tube.(h) A chopped cosine
axial power distribution of 1l.32 maximum-to-average was used except in cases

2 and 3 in which a flat distribution was assumed. The power densiﬁies and
total channel powers are so low that the experimental conditions can be
simalated fairly closely in the EGCR loops. Since an active channel length
in the reactor concept of 10 £t was chosen, rather than 15 ft, the 10-ft test
assembly must be positioned in the EGCR loop about 2.5 ft above the bottom,
corresponding to a GOOOF gas temperature, instead of the design inlet tempera-
ture of BOOOF, to achieve the design maximum surface temperature in the upper
fourth of the assembly.

Fuel Loading

As slready indicated, the fuel loading must be considerably higher for
EGCR test conditions, in most cases, than is required in the design concept.
Consequently the nuclear calculations were made only for experiments conducted
in the small EGCR loops, where the flux is highest. The fuel loading index for
these loops is about 20 g U-235/cm to produce 1.5 Mw in the loop.(s) The
estimates of moderator-to-fuel ratios and weight percent fuel for unclad assenm~
blies are very rough because no allowance was made for moderator displacement

even though the fuel concentrations are very high.

The severest condition in the multi-rod clusters considered appears in
cases 6, 9, and 10 (Table I) in which the fuel must contair about 15 percent
U-235. The enrichments for cases 2 and 4, for example, would have to be about
five percent and two percent U-235 respectively. In cases 6, 9, and 10 the
neutron flux depression in the assembly would be extreme, resulting in exces-
sive heating of the peripheral rods and subnormal heating of the center rods.
There would probably be a steep lateral temperature gradient within the rods
near the periphery of the assembly, resulting in bowing and hot spot formation.

6Nuclear considerations by A. M. Perry.
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In this sense, the experiment would be a very conservative tesf if the data

can be analyzed.

The severest parallel-plate case is number 1 (Table II) because the
full 1.5 M% heat generation.&s called for with the most hetercgeneous
&ssembly\(only 1.7% equivalent plates) and greatest void volume. The fuel
loading is about T7 w/o UC. The mechanical and thermal properties of such
rich compositions are not known, but one would expect the properties to be
considerably less favorable than those of graphite (which were used in this
study). Case 3, the next severest graphite assembly, requires a C/U ratio of
about 11:1 (69 w/o UC) and case 2 requires a C/U of about 20:1 (57 w/o UC).
The BeO cases 4 and 5 require a Be/U ratio of about 10:1 (54 percent U02).
The physical properties of such compositions have not yet been fully

determined.

The hex~block assemblies, like the parallel plates, may not have
practical fuel loadings except for case 5 which has a favorably low loop

heat rate.
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APPERDIX

Derivation of Parallel Plate

Spacing Equation

Nomenclature

number of plates
plate width, ft
plate spacing, ft
plate length, ft

heat transfer area per foot
of plate = 2x,, ftz/ft

max. gas film temp. drop, Op
o

max. gas temp, rise, F

plate thickness, ft

axial peak-to-average power
ratio

= gas thermal conductivity,
Btu/hr-£t2.%F /£t

gas heat transfer coeffi-
cient, Btu/hr.CF-rt?

H

= max. plate'heat rate,
Btu/hr £t

Prandtl number

=

8T,

= fuel power density, Btu/hr-ft

= coefficlent relating B and t,

Btu/hr £t

3
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Epel's equation 20 can be generalized for gases and for axial power dis-
tribution, and modified from rod cluster diameters to parallel plates using
Carlsmith's form of the Dittus-Boelter and friction factor equations,(T) to
glve:

0.8

-2 0.4
F (2.00 x 10 °) _ Pr 0.8
b (1)

0.8 =53 % (nx)
r ° k

Substituting

and X, = %

-2 [.o.2 T
_3.48 x 10 \ Oy n
*s = 0.8 o.&} a AT L (2)

o
1

= Y/tg,

where

Y =3.23x 10h for graphite

3 Ref. (4)
Y = 3.00 x 10 for BeO

TRef. 2, page 8.
Ref. 3, page 5.



and

-q-T-E=

ol

for equal heat removal rates from each side of the plate. Therefore:

_3.99 % 102 k02 \ ¥ .-0.2
2 0.8 0J7 t
r

X

m\L (3)

The following values were used in plotting the curves of Fig. 1:

He r=1.32 co,
T = T00°F 900°F
Pr = 0.72 0.61.

The curves, of course, are based on obtaining the maximum fuel power
density permitted by thermal stresses. Since these power densities require
excessively high fuel loading (at least for EGCR testing) it might be
desirable‘to test an assembly at considerably reduced heat flux. If, for
example, the heat flux is cut to 1/4 of the limiting velue the maximum
surface temperature will remain unchanged if the mass flow is decreased in the
same proportion as the heat flux and the gas inlet and outlet temperatures
are raised by 32 percent of the original.ATm.



STIGLE AND [TULTI-ROD CLUSTER FUEL ELEMENTD

v“‘f'l{\]"‘)l IE I

AL THEIR APPLICATION IN THE EGCR

LOCPS

REACTOR CONCEPT

Case Number

Fuel snd Channel Description

¢ladding material

.o .. .. number of rods
d . rod diapeter (incl. cladding)
L _ channel diameter
L. channel length (active)
coolant
pe! pressure, psisa
Temperatures
Tl gas inlet temperazture
T . gas outlet tesperature
T, - maximus surface temperature of rod
Aém - maximuam fila drop
5T, - maximun temperature rise of coolant (T2~—Tl)
5T /T8

Heat Transfer and Pumping Power

?§3 o Jlldﬂ

L

e

element heat rate, maxiinuan
elenent heat ruzte, average
channel heat rete, average (an)

. channel heat rate, average

gas heat transfer. coefficient
¥
pumping power = (throush assesbly ouly)

mass f£low per channal

¥pumpin: Power (lw) _ 4,

G

(Based on Liniting Clad Surface Temperature)

UNITS

in.
in.
ft

-

1b/in.2

O ¢ 0O O ©
o T~ T e B B~

°p /1t

Btu/ft-hr
Btu/fi-hr
Btu/ft-hr
kw/ft

kw/channel
I
Btu/hr-ft=

HP
1b/hr

500
1050
1500

kLo

250

26,500
20,100
140,500
hl.2
618

F 307
16.
3050

N -

BRITISH GENERAL

HINKLEY  ATOMICS

GHNEC POINT HTGCR

2 3 b

Be or s¢ Be or ss 53
13 1 1
.50{bare)} 1.125(bare) k.15
h.2 -—- <6

13 20 7.5

co, co, HE

215 200 10

550 354 660
150 704 1580
1500 ~500 ~2k00
500 550 720
27,0 17.5 96

- 40,200 125,000
12,500 30,400 9,700
2,2,000 50,400 94,700
70 2 27.8
1250 180 208
.5 4.8 5.6
~057120 6L 350 766

.
Co~
WD -y

T

2

300

500
1100
1300

265

600

16,900

14,300

100,00C
20.4
735

238
1¢.7

5,60

O ‘

15,100
11,400
h2z,000.
12k
1560
Liz
g E
8550

500
1100

}—J
Lo
o O
[

AW

£00
L0

(89

. 500
1000
1100

255
500

i

2
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Be

37
363
k.30
20

1000

1100
S 1300
562
S0C

25

Pt

21,100

, 16,000

592,000

73
3460
610
g2.7

; 19,000

10

EQRs S
R

e
1250
1k 2o

500

-y
St

22,200
16,800
622,000
162
2730
6hg
73.1
15,000



Case Number

EXPERIMENTAL ASSEMBLY CONDITIORS
Qk'L kv generated in test assembly
Lt

length of test asseubly
M . mass flow

T, ! inlet temperature

1
T, outlet terperature
T, ' naximum surfece temperature
AT maximum f£ilm drop
AP across test =ection

LOCP COIDITIONS
Tl" ~ inlet temperature

Tg” ' outlet terperature

Attempersation required
oA flow through purp
P mininun loop pressure

. .
Can duplicate all reactor concept conditions.

*%
. Can duplicate all rezctor concept condition: except len th.

ONITS

kw
£t
lb/hr

O
o>}

O
¥

O
*x

O
i

psi

1b/hr

TABLY . (Continued)

EGCR

€18
15
3090

500
1050
1300

Lko

No
5040
500

GNEC

n

1050
15
30,700

1050
1500

e 5
e ®

655
1050

Ho
30,700

215

BRITISH GENERAL
HITKLEY ATOMICS
POLLIT HI'GCR
3 L
L 2 ] H#

135 208
15 T.5
6430 796
Lo 660
TOL 1360
~-300 I alTyle
6.1 7.5
Lo 660
7oL 1050
Ko Yes
oh o 1470
200 210

hhl

ThoO
1100
1300

[Xo)

Tho
1050

%
Cannot duplicate reactor concept Qk' Teuperatures, pres:ure and muss flow adjusted to hold T, al reactor design value.

615
1160
1530

585

77

as

1050

1150
1,40

85

i
-

1100
1>
37,100
25
1000
1100

N
o
A%

r3

o
(@8]

625
1000

No
37,100
600

- 14 -

C/,}
%%

11,990

65¢

1G
e

b



REACTOR CONC.PT

Case Number

Fuel and Chennel Description

r"a-ﬁy Py

P
moderstor

coolant

Tenperatures

fTi

1
T,

T3
4T
§Tm

§Tm/L

Heat Transfer

mupsber of plates¥*

plate spacing (gap width)
plate thickness

channel length

pressure, absolute, psis

gae inlet temperature

gas outlet tempersture

maximim surface temperature of plate
maximm film drop

meximum temp rise of coolant (TE - Tl)

and Pumping Power

M

element heat rate, maximux
element heat rate, average
chennel heat rate, average {(d n)

channel heet rate, average

gas heat transfer coeff.
pumpling power#%
mess fiow per channel

{through mesewmbly orly)

SO HALIES

PLTALLEYL FPLATI 4
Qo g ™ L. 32

(Based ou tie

UNITS 2.0 inch
- 2 (1.7)
in. 50

in. .25

ft 25

/1.7 43D

- graprite

- - hel {un

°r 500

oF 1500
or 2130
°F 1369
°r 1350

°F/ft 40

Btu/ft-hr 2.6 X 107
Btu/ft-hr 1.57 X 1)°
Btu/fywhr 3.43 % 137
kw/ft! 1
Mw/channel?. 51
Btufhx-ft2~°F (il
P 67

Ib/nr fako

15

P
[

graphite

nelium

2.7 % 107

Liniting Thernal

2 {2.37)

v 1 i 1

Siress )

s

60 .55 .20 .33 ,

.25 .10 .10 .25

1% 15 19 15

350 Q4 313 210 ‘

¢rapinite Pel Be0 graphite é

veliur 802 COQ nydrogen :
{

570 500 500 500 |

1507 150 1500 1500

2130 2130 1730 1730

1000 100 500 200 ]

1502 1200 1000 1000 ;

€7 &7 100 67 '

i

- i?
2.5 L 1Y

1.7 X171 5 ¢

['st N g i e
7.25 %2 107k 67 K 137 1.k ¥ 107 3.04 X 107 6.85 % 107

212
3-18

o
i

137
2.0%

t B o
.7 12" 6.0 % 107 2.6% 15

19 E.st 2 10M.56 ¥ 1Y 1.7 ¥ 17

11,2 23. 5 200

.618 .88¢ 3.00
180 350 100
16,5 23.° .2
7730 11,270 257

e e 4 okt i e . e B st

®Since 4Tm, §Tu/L end t were arbitrerily selected, x, will not come out to yisld an 1:iesrsl tucier

accident. The numbers in brackets represent the velues of n for Lhe Ky veluos a5, e nesrest whols nunbers bel.is shown oulslde.

BEDumoiae power

() Ay = 02

of pletes i 8 2.0 Inc. aryray excep

o

b m

J—

t by

« 15 -



TABLE II, PARALLHI, PLATE ASSRMILIES (continued)
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 EXPFRIMEVTAL ASSEMBLY CONDITIONS UnITs 1 c 3 b . 6 ,l
Q'L kv gemerated in test =ssembly ; fow 1560 102 1500 GLO 2E2 1500 |
L' length of test assembly ft 15 1 1 5 13 15

mod/U-235 ratic o 7.% 20 11 1) 12 17 _
, approx. % U0y or UC w/o 77 o 69 54 5k S8 V;
M _mass flow . ” 1bv/ur 5160 Li1o 4130 7737 11,800 1470 L
Ty ~ inlet tempersture oF 600 £ S0 500 5710 600
Ty outlet temperature O 1670 1500 1600 1500 1522 1580
T3 meximur surface temperature OF 2130 1735 2130 2132 1730 1730 :
ATm'  maximum £ilm drop °F 395 4ok Gy 1000 500 531 ,
AP acrogs teet section psi R 1 3.2 3.5 17 .k ;
k4

LOOP CONDITIONS ‘
Tl" inlet temperature op €53 G GO0 507 579 620
Tzn outlet tempersture °F 1350 1353 150 1050 1050 1052
Attemperation required ) - Yes Yog ies Yes Yes Yes
158 flow through pup 1b/nr 9240 20 9000 1,000 24,200 3119
P" loop pressure psia 500 5 500 2) 300 500



TABLET IIX

HEL. 2LOCK PUTL ASSEMBYTIES

o -

Hax, 7 $ ] .

Fuel : Be( and UQ?
REACTOR CONCHPT S L UNITS 1 2 3 5 s | 6
r max. power/evg. power {(axial) 1.32 1.00 1.00 1.32 1.32 Tl.32
dl tube inside diemeter in. LAO0 590 1.000 1.000 1.000 - 1.000
a5 tube outside diameter in. 800 L300 1.200 1.200 1,400 1.200
d3 channel dlameter i1, 1.11 1.11 1.71% 1.71h 1.92 J1.71%
w  web thicknesas in. .200 .200 . 400 . 400 L050 Choo
% tube thickness in, V100 170 .100 .100 200 %.100
De  equivalent dimmeter in. .3%1 .301 RSN LEhL .633 6y
"A"  hex. block area £t 13.65%19313.65%X 107338.2 ¥ 10338.2x1073 24.6%10-338.2 5107
L lengti of tube £t 10 10 10 10 10 {10
2 hex. block diameter in. 174 3 Th 2.9 2,91 2. 3 2.91
coolant , 00, co, co, co, Co, :
pressure psla 1kl 1319 33 iy, & 35.0 37.5
T gas inlet temperature or 560 SO0 500 200 500 500
Tp gas outlet temperature °F 1507 550 1500 1590 1500 1500
T,  mex. tube temperature Op 2130 2130 2130 2130 2130 130
A%m max. file drop O 1000 10 1900 1200 1000
Tm max. temp rise of gas Ox 1O 1000 1200 1200 1900 1000
| |
Q. eglement heat rate, maximum gtu -t H.7A Xl’)i’“ £.7E6% 3.03" 16.4 X l-)hlo.l‘« b S 3.0& 5.94 X l')h;LO.hX 1'\;)4
g element hest rate, average Btu/hr-ft  5.10 - lg‘g‘“ﬁ.'i"é X l:)lf 0.4 X 1027,38 X lOi .30 X l.C)tt’.BB X loh
) chennel heat rate, average (§ n) Bru/rr-ft  5.12 X 107676 ¥ 10 10.4 X 12 7.88 X 107 k.50 X 1) 5,88 X mb'
QKL heat rate per channel Kv FR 135.0 30k4,5 230.% 131.3 LBBO-S
purping pover* through assembly hp hoow 5.32 2,15 6.20 3.54 .20
M mass flov per channel Lo/ - 1090 2425 3125 2025 1615 221
AP across test secktion wol ik.3 18.0 3 p 6.k 3.46 1.96

*Pumping power (kw)/Q,kL = .02,

¥
(Besed on Limiting Tiermel Stress) i
§




YEX. BLOCK FUZL ASSEMPLY (coatinued) TABLE IIX - 18 -

 EXPERIMENIAL ASSEMBLY | | S OUNITS 2 2 3 4

q,'L  essexbly hest rete o 149.5  198.0 i 5 230. " 1308 230.5
L length of assembly , £t 3: 10 10 10 10 10
Be/U~2§5 ratio , ; ——— 10 Gl 6ok 0w L 15
Approx. % U0, , A w/o 5h Sis 23 5y 5l s
o' mass flow . ~ lo/ur 2030 2670 4100 3110 1780 23
T inlet temp (max. app. at 3/4 L') °F 600 600 6350 630 600 6o
To! outlet temperature | | °F 1600 1600 1600 1600 1600 16c0
,T3' surface temperature, K&x. , °p 2130 2130 2130 2130 2130 2130
AP' wmcross assembly ; , , psi 14.3 15.0 10.1 7.6 k, 35 .oz
LOOP CONDITIORS
7" inlet temperature °r £00 600 600 600 500 650
, -*rg" outlet temperature °r 1050 1050 1050 1055 1950 1950
 Attemperation required (if Ta' > 1050) , ———— Yes Yes Yes Yes Yes Yeu
M mess flow through pump Lo/hr 4060 5359 2200 6220 3560 Las
50 Min. 67 Min, 102 Min. 77 Min. Li Min. 77

P"  loop pressure , . psia Mn.
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