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ABSTRACT

Results of an assessment of the ORECA code are being presented. In par-
ticular it was found that in the case of loss of forced flow circulation the
predicted peak core temperatures are very sensitive to the mean gas tempera-
tures used in the evaluation of the pressure drop terms. Some potential
shortcomings of the conduction algorithm for some specific applications are
discussed.

The results of these efforts have been taken into consideration in the
current version of the ORECA code.
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1. IMTRODUCTIONM

An assessment of the ORECA code has been completed as part of our ongoing
effort, to review the features and limitations of existing HTGR safety codes.
The ultimate objective of the effort is to enhance confidence in these codes
and increase their utility for licensing applications.

An earlier draft of this report was transmitted to Oak Ridge National
Laboratory (ORML) and its results have already been considered in current
versions of the ORECA code. This report serves primarily as documentation of
our code assessment efforts.

The ORECA version obtained from ORNL is written for the Fort St. Vrain
reactor, and is documented in Reference 1. The code was reviewed primarily
with the test case with which it was received: 1loss of forced flow circula-
tion (LOFC) followed by firewater cooldown (FWCD).

Section 2 of this report contains some general observations. Section 3
summarizes the major results of this review effort. The sequence of code
evaluations and local modifications which were made is given in essentially
chronological sequence in Appendix A. Plots of some results are given in Ap-
pendix B. Appendix C describes some separate evaluations solving a specific
idealized conduction problem in the ORECA HTGR core configuration.

None of the comments of this informal report are in any way meant to be
critical of the authors of the ORECA code. Every code, having advanced to a
given level, in response to specific problems, will have further restrictions
and shortcomings when applied to new problems. This report will primarily
outline areas where significant further code improvements can be ohbtained with
1ittle or moderate programming efforts, and outline situations, where applica-
tion of the code in its present form can result in substantial uncertainties,
due to its current modelling assumptions and limitations.

2.  GEMNERAL OBSERVATIONS

The ORECA (Fort St. Vrain) code presents a three dimensional model of an
HTGR core. The core is divided into 37 hexagonal refueling regions and 18
side reflectors. Each of these 55 regions is divided axially into nine nodes;
one top reflector, seven active core nodes, one bottom refiector, and one core
support block.

Intet flow rate, inlet temperature, and inlet pressure to the core are
prescribed functions of time (to be supplied as function type subroutines).

The code solves for the flow distribution to the 55 lateral regions, the
overall pressure drop, and the coolant temperature change due to convection in
each axial node of each flow channel. The temperature within the composite
solid of each node is considered to be constant. The solid temperature change
of each node due to internal heat generation, heat flow to the coolant, and
due to conduction between nodes is being computed.



Most of the design and operating parameters are "hard wired" into the
code and cannot be changed readily. For instance, the coolant passage diame-
ter s neither an input, nor a constant given somewhere in the code, but is
embedded in numerous numerical constants occuring in various executable state-
ments. Without a detailed 1ist, where this parameter is embedded in numerical
constants it would be a major undertaking to change it, for instance, in order
to evaluate the effect of such a design change. Such "hard wiring" increases
computation speed, but it significantly reduces the flexibility of the code,
and does not offer the generality of a general purpose code.

The desirability of program structure changes, to accept such basic de-
sign and operating parameters as input data or at least as one individual con-
stant, depends on the envisioned future applications of the code.

3. RESULTS OF ORECA CODE EVALUATION

The most significant results of our evaluations of various aspects of the
ORECA code are summarized in this section. A more complete and essentially
chronological description of the code evaluations is given in Appendix A.

3.1 Temperature Dependence of Pressure Drop

The pressure drop and flow distribution are obtained from Equation 20 of
Reference 1, which expresses the pressure drop of each channel and can be
written as follows:

Ap.i = Apoy'_i + Apfri + Apacce].i * Apbuoyi
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The quantities f and o are to be averaged over the coolant channel. For
the evaluation of the coolant densities §: the code, in the version received,
uses the solid node temperatures [X(I,J)] rather than an average of the cool-
ant temperatures [TO(I,Jd)].

Within the code assumption of constant core temperature in each node the
coolant temperatures will approach the core temperature exponentially as fol-
Tows:

(A_p_)x

Tf](x) =T+ (Tﬂin - TS) e e, (2)



i.e. for large A and U or low W the coolant temperature will essentially reach
the core temperature. However, the integrated average coolant temperature re-
mains generally different from the solid temperature.

To assess the effect of the coolant temperatures via coolant densities on
the channel pressure drop and the flow redistribution, and thus ultimately on
core temperature, a set of three runs was made, all in the mode FINDEX (de-
scribed in Appendix A). In the first run the solid temperature was used as
average gas temperature; in the second run an arithmetic average of coolant
inlet and exit temperature was used; and in the third run integrated average
gas temperatures were used as follows:

For the friction term, where the temperature appears in the numerator:

L
T2l 7 dxe T e hin e
avgp. ~ L H e S sL (3)
0

for the buoyancy term, where the temperature appears in the denominator:
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For practical purposes these two logarithmic average temperatures were very
close to each other.

The three runs are compared in Figures B-31 to B-50, giving results for
channel 19, which is one of the two high temperature and low flow channels
(No. 6 and 19) as well as for the maximum flow channel No. 28.

In the downward flow of a fluid being heated in various paraliel channels
at different rates, an unstable situation is incurred as the hotter channels
will tend to get less flow, thereby becoming even hotter, and getting even
less coolant flow, etc. With the use of average gas temperature, arithmetic
or log mean, this effect is further strengthened, resulting in less flow in
the hot channels (see Figures B-31), increased gas temperatures (Figures B-33
to 37) and ultimately in increased core temperatures (Figures B-41 to 45).

The peak core temperatures shown in Figure B-50 are about 600°F higher towards
the end of the transient if log mean gas temperatures are used, rather than
solid temperatures, in the evaluation of the densities in the pressure drop
terms. This appears to indicate, that due to the unstable flow situation, the
flow distribution over the various parallel channels, and the ultimate core



temperature distributions depend very strongly on the fluid temperature dis-
tribution, and it may be warranted to use the more appropriate log mean temp-
erature differences, even though their evaluation would slightly increase
computer run times.

3.2 Pressure Drop Equation

The overall pressure drop and the flow distribution over the 37 parallel
channels - each representing one refueling region - is obtained iteratively by
solving Equation 1, the momentum equation, for each channel. It is important
to note that in this equation the orifice and friction pressure drop terms
will change sign ( «G|G|), as the flow direction changes, while the momen%um
pressure drop term does not change sign, regardless of flow direction (G
In the ORECA code, as received, all three terms were changing sign, i.e. were
treated as G|G|. Thus, the momentum pressure drop is not accounted for prop-
erly during reverse flow. This provides for a much simpler solution algo-
rithm, but is not strictly correct. The code subroutine SUMW was, therefore,
modified, considering a change in sign in the friction and orifice pressure
drop terms only. For the sample case the resulting changes were very minor,
j.e. the momentum pressure drop always remained small with respect to the ori-
fice and friction pressure drop terms. However, in transients in which Tow
flow rates and large channel temperature rises persist for longer time peri-
ods, the momentum pressure drop would not remain negligible, and a correspond-
ing code modification could become very essential.

3.3 Internodal Heat Conduction Algorithm

Considering the solid of each node as being at uniform temperature the
energy equation for heat transfer between nodes can be expressed after lumping
or spatial discretization as

k A
MistP(T i,J dt i,d EE: (Tne1ghbor B Ti,j)
ne1ghbors (6)
* Qgen - Q
i, 1.,

In this equation ¢, and k are temperature dependent, as indicated.

p
Solution in the code is effected through an exponential algorithm (Equa-
tion 26 of Reference 1) rather than through conventional finite difference
techniques. This exponential technique is, for instance, discussed for linear
problems, i.e. for the case of constant material properties in Reference 2.
As shown there it can be of some advantage in problems where heat conduction
is of less importance than internal heat generation or convective heat trans-
fer to the coolant.



The time constant for heat conduction in an HTGR reactor core is of the
order of months: To reach a Fourier number of unit order

Fou = @ty 1
L
. - BTU N BTU
with k = 10 FEhrE and cp = .3 TBF

and L = 25 ft, as used in ORECA one requires a time. of
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This implies that temperature relaxation due to conduction within a core with-
out coolant flow could require times of the order of 2000 hrs. Or, alter-
nately, that internal heat generation and heat transfer to the coolant within
each node are significantly more essential than conduction for transients
lasting several hours or even a few days. For such cases, the exponential
method should give good results for linear problems {(constant material proper-
ties), as discussed in Reference 2. However, in typical HTGR transients the
temperature dependence of the specific heat and the thermal conductivity re-
rmains essential. This effect is only partially considered in the exponential
algorithm as used in the ORECA code, where the local thermal conductivity was
used at each node k(T; ), rather than an average value between the node and
its respective neighbor k(Tan). Thus, the computed conduction heat flux be-
tween two nodes i1 and ip will be different when used for the computation of
nodal temperatures iy and ip, respectively.

For the test transient a corresponding code modification to use conduc-
tivities evaluated at an arithmetic average temperature hetween nodes resulted
in core temperature changes of up to 180°F, as shown in Figures B-28 to B-30,
and described in more detail in Section 4 of Appendix A. For a longer term
idealized transient it is shown in Appendix C that the exponential algorithm
in its present form cannot conserve energy and approaches a steady state solu-
tion more than 200°F lower than the correct solution.

The conductivity evaluation as currently used is much simpler and results
in faster code execution than the algorithm using average temperatures between
nodes. It might, therefore, be desirable to retain the current procedure for
most runs, especially those of an exploratory nature. However, it would be
desirable to permit as an option, with corresponding decrease in computational
speed, the use of an alternate algorithm which uses an energy conserving aver-
age conductivity between nodes.

4, COMCLUSION
The ORECA code has heen reviewed and tests performed on several of its

alcorithms. The resulting observations have been communicated to the original
author for his consideration, as appropriate.






Appendix A

Sequence of ORECA Code Evaluation Runs

A.1 BASE

The ORECA code as received, with minor initialization changes, was
executed at BNL. The output results were identical to those given for the
ORNL sample test case. These results are labelled as "BASE" in this study.

A.2 MOD-BASE

The following changes were made to the BASE-version before prior code
evaluations:

A.2.1 Reverse Flow Coolant Temperature

Subroutine CFLPW uses as coolant temperature at the upper end of the
first node (j=1) the upper plenum temperature TIP. This is appropriate for
downward flow, but not for the case of reverse flow. The code was modified to
use in the case of reverse flow the outlet temperature of node j=1 in this po-
sition. Significant changes in results were only observed during flow rever-
sal, with no major long term effects.

A.2.2 Reverse Flow in Inlet Flow Path

The code includes computations for the temperature rise in the inlet
flow path from the steam generator outlet (TSG@) to the upper plenum inlet
(TINP). These computations were found to produce erroneous results in the
case of reverse inlet flow (FT<0). The code was modified to account for re-
verse flow in the inlet flow path. Significant changes in results were only
observed during flow reversal with no major Tong term effect. However, in
using ORECA as part of a systems simulation, the resulting higher values of
the steam generator outlet position temperature (TSGP) could effect the
steam generator performance.

A.2.3 Pressure Drop Algorithm

As described in the body of this report, the pressure drop algorithm
was modified to retain the appropriate sign in the momentum pressure drop
term. For the samplie test case used here, no significant changes were ob-
served. Nevertheless, as pointed out above, this change can lead to signif-
jcant deviations in some transients of interest.

A.2.4 Convergence Tolerance in Flow Distribution Loop

Tightening of the convergence parameters in the loop for pressure drop
and flow distribution from

—

absolute error
relative error

Hon
. e
1
Q

0
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to
.001
.005%

absolute error
relative error

resulted in some long term temperature changes of about 10°F and in some more
significant short-time changes during flow reversal time.

The runs with the above four program modifications are labelled as
MOD-BASE in this study. Their comparison to the BASE run is included in Fig-
ures B-1 to B-27. For the sample test case the MOD-BASE results differ from
the BASE results only slightly in core and coolant temperatures, in particular
in the long term response. Significant differences occur for short time peri-
ods only during reverse flow at the steam generator outlet position and at the
upper plenum inlet position due to the modified reverse flow computations, see
Figure B-23 and B-24.

A.3 MOD-REV

The temperatures used in the evaluation of the coolant densities were
changed for the friction and buoyancy terms from the node solid temperature
X(I,J) to the average node coolant temperature [1/2(TO(I,J) + T@(I,J-1))1.
At the same time in the orifice pressure drop the upper plenum temperature
TIP was replaced by the coolant temperature at the top of the first node
(see A.2.1). Execution of the sample test case with these modifications,
was labelled MOD-REV.

Some of the output data are being compared to those of the BASE and MOD-
BASE cases in Figures B-1 to B-27. Significant long term temperature changes
are now being observed, exceeding 400°F in the core and coolant temperatures
in the center of the hottest channel (see Figures B-6 and B-15 for the coolant
and core temperatures of channel 19, node j=5). The peak core temperature
rises by more than 200°F (see Figure B-27).

A.4 TEMPS Modifications

To compare the non-conservative exponential algorithm for heat conduction
of the ORECA code with a conventional finite difference algorithm, modifica-
tions were made to solve for the solid temperature distribution in a subrou-
tine which uses either the exponential algorithm as provided in the code
(Mode=EXP0), or a conservative finite difference algorithm (Mode=FINDIM), or
a slightly non-conservative but faster finite difference algorithm {(Mode=
FINDEX). The code as received considered property variations with temperature
in the refueling regions using constant properties only in the side reflec-
tors. An option was provided to either retain this procedure (IOPT=1) or to
consider the properties to be temperature dependent in all nodes (I0PT=2).

The TEMPS runs Mode=EXPO, I@PT=1 did duplicate the MOD-REV results.
Applying IOPT=2 vs I0PT=1, i.e. considering the temperature dependence of k
and cp, everywhere changes in the reflector temperatures of about 30°F were
observed (Mode=EXPQ). Decreasing the time step interval from At=.5 sec to
At=.1 sec resulted in maximum temperature changes of about 30°F in the EXPO
mode as well as in the FINDIM mode.



Much more significant temperature changes were observed when comparing
runs made in the EXPO mode vs runs in the FINDIM or FINDEX mode (also referred
to as FINDIF) both with IOPT=2 and At=.1. These changes are primarily due to
the fact that the EXPO version evaluates all heat fluxes at a specific node
based on the thermal conductivity at the temperature of that node. Thus, in
this mode, as in the ORECA code received, the heat flux from node i to node j,
used when computing temperature T; is different from the flux between i and j
used when computing Ts. This leads to non-conservation of energy and to the
following temperature” deviations.

The core and coolant outlet temperatures of channel 6, node 6, change by
180°F, as does the peak core temperature. These results are shown in Figures
B-28 to 30.

A.5 Conduction Area Ratio in Axial Direction

The code, in the version received, uses an area ratio multiplier for
thermal conduction in axial correction. As implemented with the current ex-
ponential algorithm this option would yield incorrect results for any value
of AR other than 1.0. (In the current EXPO test runs only AR=1.0 was used.)
The error arises as in an integration of Equation 6, leading to an equation
similar to Equation 26 of Reference 1, the effect of AR#1 would also be
reflected in the first term on the right hand side of Equation 26, and not
only in the second term, as it is currently implemented in the code.

The Fort St. Vrain core geometry would suggest that an area ratio of
about 2.5 would be appropriate. One such run using the FINDIF mode, where
the use of AR#1 has been incorporated appropriately yielded only about 30°F
in peak temperature changes, indicating that axial conduction was not very
essential in the test case used. However, before future problems can be in-
vestigated in which axial conduction is expected to be more essential, the
appropriate code modifications should be made.






Appendix B

In this appendix some of the results of the ORECA evaluations are shown.
Figures B-1 to B-27 cover the cases BASE, MOD-BASE and MOD-REV of Appendix A.
Typically, results are shown for the following characteristic channels*:

Core Maximum

Radial Temperature and
Power Channel Flow Rate Axial Position
Channel Factor (1b/min) (F)
No. QR t=0 min t=240 min t=0 min t=240 min
6 1.83 2132 3.9 1905/7 2556/7
19 1.83 2132 2.8 1905/7 2603/7
20 .99 1153 .86 1848/7 227277
28 .56 1465 68 1269/7 930/9

Thus, the channels have the following characteristics:

6 and 19: Highest Qg, highest temperatures at t=0 and t=240.
Highest flow at t=0; relatively low flow rate at t=240.

20 : Lowest flow rate at t=240.
28 : Highest flow rate at t=240.
Figures B-28 to B-30 give some results from the EXPO vs FINDIF runs. Figures

B-31 to B-51 show results for the gas temperature variation in the pressure

drop density terms of Equation 20 of Reference 1 {see Section 3 of this memo-
randum).

*Symmary data from a typical run (FINDEX, log any gas temp., t=.1).
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Figure B-1. Channel 6 flow rate for cases BASE, MOD-BASE, and MPD-REV.
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Figure B-3. Channel 20 flow rate for cases BASE, MOD-BASE, and M@D-REV.
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Figure B-4. Channel 28 flow rate for cases BASE, MOD-BASE, and M@D-REV.
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Figure B-5. Channel 19 gas outlet temperature at top node (J=1) for

cases BASE, MpD-BASE, and M@D-REV.
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Figure B-6. Channel 19 gas outlet temperature
for cases BASE, MPD-BASE, and M@D-REV.
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Figure B-7. Channel 19 gas outlet temperature at bottom node (J=8)
for cases BASE, MPD-BASE, and M@D-REV.
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Figure B-8. Channel 20 gas outlet temperature at top node (J=1) for
cases BASE, M@D-BASE, and M@D-REV.
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Figure B-9. Channel 20 gas outlet temperature at center node (J=5)
for cases BASE, M@D-BASE, and M@D-REV.
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Figure B-10. Channel 20 gas outlet temperature at bottom node (J=8)
for cases BASE, M@D-BASE, and M@D-REV.
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Figure B-11. Channel 28 gas outlet temperature at top node (J=1)
for cases BASE, M@D-BASE, and M@D-REV.
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Figure B-12. Channel 28 gas outlet temperature at center node (J=5)
for cases BASE, MPD-BASE, and M@D-REV.
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Figure B-13. Channel 28 gas outlet temperature at bottom node (J=8)
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Figure B-14. Channel 19 core temperature at top node (J=1) for cases

BASE, MPD-BASE, and M@D-REV.
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Figure B-15. Channel 19 core temperature at center node (J=5) for
cases BASE, MPD-BASE, and M@D-REV.
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Figuré B-16. Channel 19 core temperature at bottom node (J=8) for
cases BASE, MPD-BASE, and M@D-REV.
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Figure B-17. Channel 20 core temperature at top node (J=1) for cases
BASE, M@D-BASE, and M@D-REV.
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Figure B-18. Channel 20 core temperature at center node (J=5) for
cases BASE, M@D-BASE, and M@D-REV.

- 29 -

250



TEMPERATURE ( F

ORECA SOLID TEMPS. CHANNEL 20. BOTTOM. BASE VS MOD-BASE VS MOD-REV

3000
2000 -
o i _
- -® . e i —a
1000. ~
!
0. T T | T |
0 » 50. 100 150 200 250
TIME (MIN)
LEGEND
o= BASE
A =MOD-BRSE
+ =MOD-REV

Figure B-19. Channel 20 core temperature at bottom node (J=8) for
cases BASE, MPD-BASE, and M@D-REV.
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Figure B-20. Channel 28 core temperature at top node (J=1) for cases
BASE, MpD-BASE, and M@D-REV.
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Figure B-21. Channel 28 core temperature at center node (J=5) for
cases BASE, M@D-BASE, and M@D-REV.
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Figure B-22. Channel 28 core temperature at bottom node (J=8) for
cases BASE, MPD-BASE, and M@D-REV.
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Figure B-23. Temperature at upper plenum inlet position for cases
BASE, MPD-BASE, and M@D-REV.
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Figure B-24. Temperature at upper plenum inlet position for cases
BASE, M@D-BASE, and M@D-REV.
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Figure B-26. Temperature at core outlet position for cases BASE,
M@D-BASE, and M@D-REV.
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Figure B-27. Peak core temperature during transient for cases BASE,
M@D-BASE, and M@D-REV.
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Figure B-28. Channel 6 gas outlet temperature at center node J=6
for cases EXPP and FINDIF.
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Figure B-29. Channel 6 core temperature at center node J=6 for cases
EXP® and FINDIF.
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Figure B-30. Peak core temperature during transient for cases
EXPO and FINDIF.
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Figure B-32. Channel 28 flow rate for case of gas temperatures being
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varied in the evaluation of densities in pressure drop terms.
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Figure B-33. Channel 19 gas outlet temperature at top node (J=1) for
case of gas temperatures being varied in the evaluation of densities
in pressure drop terms.

- 44 -



}

TEMPERATURE ( F

ORECA GRS TEMPS. CHANNEL 19, CENTER(J=5). GRS TMP= SOL VS AR] V5 LOG

300

20c0

10GC .

3
LZATN SR
<3

n 5. 190 150 2¢6

TIHE (hit)
LEGEND
o: TGAY=S0L
A=TGRAY=AR]
+ :TGQV:LDG

Figure B-34. Channel 19 gas outlet temperature at center node (J=5)
for case of gas temperatures being varied in. the evaluation of den-
sities in pressure drop terms.
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Figure B-35. Channel 19 gas outlet temperature at center node (J=6)
for case of gas temperatures being varied in the evaluation of den-

sities in pressure drop terms.
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Figure B-36. Channel 19 gas outlet temperature at center node (J=7)
for case of gas temperatures being varied in the evaluation of den-
sities in pressure drop terms.
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Figure B-37. Channel 19 gas outlet temperature at bottom node (J=8)
for case of gas temperatures being varied in the evaluation of den-
sities in pressure drop terms.
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Figure B-38. Channel 28 gas outlet temperature at top node (J=1) for
case of gas temperatures being varied in the evaluation of densities
in pressure drop terms.
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Figure B-39. Channel 28 gas outlet temperature at center node (J=5)
for case of gas temperatures being varied in the evaluation of den-
sities in pressure drop terms.
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Figufe B-40. Channel 28 gas outlet temperature at bottom node (J=8)
for case of gas temperatures being varied in the evaluation of den-
sities in pressure drop terms.
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Figure B-41. Channel 18 core temperature at top node (J=1) for case
of gas temperatures being varied in the evaluation of densities in
pressure drop terms.
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Figure B-42. Channel 19 core temperature at center node (J=5) for
case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-43. Channel 19 core temperature at center node (J=6) for
case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-44. Channel 19 core temperature at center node (J=7) for
case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-45. Channel 19 core temperature at bottom node (J=8) for
case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-46. Channel 28 core temperature at top node (J=1) for case
of gas temperatures being varied in the evaluation of densities in
pressure drop terms.
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Figure B-47. Channel 28 core temperature at center node (J=5) for
case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-48. Channel 28 core temperature at bottom node (J=8) for

case of gas temperatures being varied in the evaluation of densi-
ties in pressure drop terms.
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Figure B-49. Temperature at core outlet position for case of gas
temperatures being varied in the evaluation of densities in pres-
sure drop terms.
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Figure B-50. Peak core temperature for case of gas temperatures
being varied in the evaluation of densities in pressure drop terms.
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Appendix C

Idealized Heat Conduction Problem
in HTGR Core Configuration

The ORECA code provides for a three-dimensional core and includes three-
dimensional heat conduction. With the properties and sizes of an HTGR core
the characteristic times for conduction to be essential are very large. A
Fourier number of unit order is only reached after 1900 hrs, see Section 3,
above.

To assess the accuracy of the exponential algorithm used by ORECA in
solving the three-dimensional heat conduction problem a simple homogeneous
thermal conduction problem was solved in the HTGR.core configuration of the
code. The temperatures in the active core (1zgig37, 2¥j<7) are set to 3000°F,
and the temperatures in the side-, top-, and bottom-reflectors are set to
1000°F. There is neither any coolant flow, nor any internal heat generation.
The ultimate steady state temperature for this problem is only reached at
Fou>l, i.e. for times of the order of 2000 hrs. The transient was followed
here for 100 hrs only using the exponential algorithm (mode=EXPO) or a con-
servative finite difference algorithm (mode=FINDIF). Three property options
were permitted:

IPPT = 0 all properties are constant

IPT = 1 the active core properties are temperature dependent;
the side reflector properties are constant; the top
and bottom reflector (j = 1 and 8) have a higher mass
than the other active core regions (this is exactly
corresponding to the ORECA code)

IPPT = 2 all properties are temperature dependent; the same

mass correction as in I@PT = 1 is applied for the
top and bottom reflector (j = 1 and 8).

Trial runs showed that the FINDIF solutions of 50 min and 10 min time
steps were within plotting accuracy. The 10 min time step results will be
compared to the EXP@ results. Some results are shown in Figures C-1 to C-8.

Figures C-1 to C-4 show that for constant properties (IgPT = 0) the ex-
ponential solution approaches the conservative finite difference solution as
the time step is reduced. However, in the case IPPT = 2 the EXPO model loses
energy and converges with reduced time step size to a final steady state
temperature which 1ies about 200°F lower than the conservative solution as
shown in Figures C-5 to C-8. Thus, the simplified property treatment of the
axponential algorithm can improve computational speed, but can also result in
significant errors in the final solution of long term transients.
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Figure C-1. Thermal energy in the system, I0PT
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Figure C-2. Core center temperature (i=1, j=5), IOPT = 0.
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Figure C-3. Core boundary temperature (i=23, j=5), IOPT = 0.
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Notation

(Dimensions in L,M,T,8 System With

2
F = M%—and H=FL = M£§
T T
A cross sectional area between nodes [LZ]
2
Al heat transfer area per unit length [LIJ
. o L H
cp specific heat [Me]
D coolant channel hydraulic diameter [L]
f friction factor [-]
M
G mass flux [——]
oy
g gravity constant [L—q
T2
k thermal conductivity [T%g]
L length of coolant passage (Eg. 1) (L]
(also length of flow passage within node [Egs. 3 to 57)
M mass per node [M]
F
p pressure [E§1
D density [Mgﬂ
L
Q heat generated [ﬂ
gen T
T temperature [6]
t time [T]
U overall heat transfer coefficient [—g——ﬂ
L™Ts
M
W mass flow [Tq
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AX

1

running coordinate in flow direction [L]

distance between nodes [L]

Subscripts

lateral refueling region or coolant channel
axial nodal position
coolant

solid core

Superscript

averaged over coolant channel
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