Chapter 5
Displays and calculation results
1.1 Display
Displays of the simulation are done on Labview® which is a graphical programming. The

displays have 4 different screens; Reactor preview, Control rod panel, reactor cooling system and fuel
pin profile.

Reactor preview screen shows the general features of the reactor core. Annunciator bar is
placed on top. This bar displays status of'reactor core 43d#Gpporting equipment. It is similar to the
actual one in control room. Some of 1 itions which are not processed in
this model. The lower bar consists of ¢ control buttons. In the middle

the charts, there are one knob and 4 sliding bar: resolitior scroll. The resolution knob
controls number of data displayiz apts. ‘ 5 ] | :&ty to scroll displaying data
in charts. The last 500 data will begmerdori bl to scroll. The reactor bridge and shield door

The reactor bridge position and shie i ot take the main calculation module.
Figure 5.1 shows this screen. Adie "
The second screen is Control Rogr]%nj: ,lt?, 2

Theannumcatorbaronthetqp__imilowerharmﬂn.‘ teen. The screen context

S, inode s , fire button using in fire
transient rod on pulse mode, rodsjosifio , power ctual powei&x percent, pulse time meter
and charts. 6 charts are contained m‘ﬂns display. Some of the are available in the actual situation and
some were created to ons are mimicked
from the actual oontrolfﬂwmmm gulate reactor power
level.

he g4 e @%ﬂaﬁ QAL A e o
mode. Regulatingirod and shim #1 rod will regulate the actual power to the set value. These values are
in thermal energy. More details can be seen on figure 5.2. Regulating rod is the primary control rod -
responding to power error. Shim #1 is the slave rod helping in regulation.

Reactor Cooling System screen display are in figure 5.3. It shows core cooling system. There
are 2 cooling systems; primary and secondary. Emergency core c.ooling system (ECCS) is added in for
the safety reason. Charts, chart controls and pop up buttons present in the context. The top and lower
bar as in the first screen are included. There are 2 heat exchanger using to cool the primary cooling
system. The first one have capacity of 500 Tons thermal. This heat exchanger was initially installed
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Figure 5.4 Fuel Pin Profile
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with the previous reactor core which give a maximum power 1 MW thermal. 800 Tons thermal
exchanger was added in later to support new reactor core. Both heat exchangers are still working and
are in good condition. Switchingpaweenwchexchangerisdonebycﬁckonthecoolingsymmpop
up button and select the one you want. Pumps and valves are displays their status by color. The red
color means that valve or pump is activated or turned on. Green color represent inactive condition.

The last one is Fuel Pin Profile screen. It shows mainly the variation of some parameters of
the fuel pin such as temperature, neutron flux, poisoning concentration, etc. Most of all context are in
charts and graphs. Only the lower bar of first screen present on this one. Flux variation and
temperature profile in active region are shown,

Switching between each screen or
delta on the lower-left corner. Then all

While you click on the .will display on somewhere in
screen. You won'’t be able to unti is closed.
. ,';5 ﬁ N h\& e
.2 Calculation Respo A Ay \
5.2 Calculation nse ik N\
NV -
Table 5.1 Calculation results from  catlected at condition
Control Rod Position|Maximum Fuel Tefnp. (€)' {Reactor Ti ) |Neutron Flux (x 10e13)
4§ 3
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Control Rod Position VS Fuel Tenp
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Figure 5.5 Plot of Control Rod Position
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Reactor Thermal Power VS Neutron Flux
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Figure 5.8 Plot of reactor thermal power VS fuel temperature
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Transient Condition
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Figure 5.10 Transient condition studying (2)

In order to ensure proper interfacing between our calculation engine and the front end, 4
steady state conditions and one transient were studied.
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In the steady state condition, we changed control rod position and then wait for a few
minutes till It got to the steady state. Neutron flux, fuel temperature and power level were recorded on
each condition. They were plotted with the control rod position in Figure 5.5 and 5.6.

The interfacing in steady state conditions perform well. It r&sponseSin the right direction.
When we raise up the control rod, neutron flux, fuel temperature and reactor thermal power increase.

One transient condition has also been studied. The transient condition was shown in Figure
5.7 and 5.8. In this situation, control rod was slowly inserted into reactor core 3 seconds, the neutron
flux and reactor period reacted with change simultaneously. The fuel temperature was slowly
responded which is the characteristic of thermal-hydraulic model.

After 3 seconds, control rod was 1 _ reactor period went up as a result of
dropping in fuel temperature which inc reacti y

The interfacing is also very M med!"""

From the above results, i

tion engine and front end

is working properly.

We found from calculatio, A\ ar Moontrol the reactor. This is
because the insertion of control rod i ).nggmzed mixture. The absorber,
Boron, content in control is pl e absorption cros \ ction'is also high. Control rod
position displayed in table is getting fr r - inserte chever control rod is the
same.

The reactor is critical at ze onitrol rad position 138, the control rod is raised and
1id TEACHOr {érma power increase. It is quite
sensitive to very small change in control roippqﬁon : v I power could not reach higher level
because of extremely high tem&atum occurring in fuel m&ﬂpﬁ d trip if the fuel
temperature reach 650 C. - j.l

Unfortunately, the cal i 0 the act}ﬂl operating condition. The
core’s physical properties are packed w1th number of s1mphﬁed assumption.

m,es.zmmggmi.mﬂuhiﬂMﬂi

as a result neutron flux, average fuel temper:

Thermal Power (%) Control Rod Position | Fuel temperature (C)
- . FArY. WAV _W_w.1
‘ )
W TN NN T I VIE Tove)
7R 611 500
50 600 410
25 541 280
O(just critical) 453 32
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Figure 5.11 Plot of actual power V.
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The actual reactor is critigal a

Fission neutron are emitted with the cx
distribution. It give a maximum encfg;
section should be calculated caref;

cross section must be less than the on

XOfZMeV The actual cross

gy spectrum. The actual

encrgythelwscrosssecﬁon"

g mﬁ%&‘@vﬂ@%‘i i g, T st sctron

flux has never been recordéd because neutron lsnwdtoulenufythemaorthcrmalpower
o/

SIS,

msonlsthatmertxonofoontrolrodmreglonswwldbetakenashomogemzednnxm The
absorbaoomammoqntmlmdlsplenuﬁdandabsomnonmsecuonisalsohmh. The control rod
position in table is getting from the most inserted rod.



Control rods speed in automatic and square wave mode is proportional to power error in
percent square multiply by a constant figurc. The maximum speed is limited. It is used to protect
reactor core from getting power level greater than 110% or fuel temperature 650 C.

Power set point displayed in the front end is thermal power. When set the power set point to
be lower than actual, control rod will slowly drop in and neutron flux will decrease. Its speed is
proportional to power error. The thermal power will be delayed in decreasing. It will take somctimes
to conduct heat from fuel to the outer clad which actual heat is counted on.
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