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Abstract— One of Floating Nuclear Power Plant (FNPP) designs in the world is currently being built by Russian Federation, named
“Academic Lomonosov,” which uses two PWR types, KLT-40S as its power unit. However, too little information regarding its
detailed technical specification is available, including its thermal-hydraulics parameters. The objective of this research is to create a
thermal-hydraulic model of KLT-40S reactor core use RELAP5-3D and to predict fuel and cladding temperature value at the steady-
state condition, and transient condition with a variety of primary coolant mass flow rate and pressure to simulate abnormal event
within the reactor. The reactor thermal-hydraulic model is created by dividing 121 coolant channels in the actual nuclear fuel
assemblies into two channels: one channel to simulate coolant flow in 120 fuel assemblies with average heat generation, and the other
channel to simulate coolant flow in one fuel assembly with highest heat generation in the core. The fuel structure had solid cylinder
geometry and made from ceramic-metal UO2 dispersed in the inert silumin matrix. The fuel cladding is made from zirconium alloy.
These fuel heat structures generate heat from fission reaction and are modelled as a heat source according to the reactor power
technical data, i.e., 150 MWt. The reactor axial power distribution is approximated by cosine distribution. Operation parameter
variation that represents the real reactor normal operation condition in this research is a variation that has flow loss coefficient value
8,000, radial power peaking factor 1.1, and axial power peaking factor 1.1 with axial power peaking located in the middle of the fuel
rod. The fuel and cladding temperature value at the steady-state condition and several transient conditions are predicted in this
research, and there is no temperature value that goes beyond the safety limit.

Keywords— floating nuclear power plant; KLT-40S; thermal-hydraulics; RELAP5-3D.

with both experiment and computation methods [2-6].

I. INTRODUCTION However, these researches deal with thermal-hydraulic

The need to increase the usage of environment-friendl pmb'e”.‘s In a .fuel assembly. Furthermore, ~ thermal-
g yhydrauhcs modeling and analysis of KLT-40S reactor to

energy to support sustainable development requires reliable, ; i
flexible, low greenhouse gas emission and affordable energ;FalCUIate fuel and cladding temperature during steady-state

sources. A new generation of Nuclear Power Plants (Npp)and transient (with a variation of pressure and coolant mass
nowadays, has those features. One of the most interestingoW rate_) C%réjﬂlopnszgu" gowl\jr d15|9 MW& haslno_t bizerr:
designs of NPP to be applied in an archipelagic country like one using RE -3D code. Modeling and analysis of t i
Indonesia that has difficulties in building inter-island electric reactor operation parameters are necessary to prove the
network and land acquisition problem is the Floating specification data claimed by the designer and to establish

Nuclear Power Plant (FNPP). One of many FNPP designs insafety regulation for this specific reactor. This research is
the world is named “Akédemik Lomonosov.” which modeling all fuel assemblies and fuel channels inside the

designed by a Russian’s OKBM Afrikantov. This FNPP reactor pressure vessel (RPV) of the KLT-40S reactor with

design use two Pressurized Water Reactor (PWR) typeEELAPS"ED god_e. Tfher:esug of thlishrzsealr.ch Is (lexpectefd rt}o
reactor, KLT-40S as its power unit. ecome the basis of other thermal-hydraulic analyses of the

KLT-40S has very few information regarding its detail of KLTt-14OSbr.eac;t0r. f thi h btai h |
technical specifications, including its thermal-hydraulics The objectives of this research are to obtain a thermal-

parameters. Most of the technical data used in this researcﬁydrau!ics model of the KLT'4OS reactor core and to
based on the “KLT-40S Overview’ [1]. The other studies determine the fuel and cladding temperature at the steady

regarding the thermal-hydraulic of KLT-40S have been done and transient condition with a variety of primary coolant
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pressure and mass flow rate to simulate abnormal events irtore, and axial heat generation distribution were calculated.
the reactor. After the model is available, it could be used for Flow areas in the heating channel, hydraulic diameter, and
further analysis of KLT-40S reactor safety. This research isflow geometry in the reactor core are calculated from the
limited only to the thermal hydraulics system inside the available technical data specification that available the
reactor pressure vessel. Thus, the reactor inlet will bereference [1]. Axial heat generation was approximated using
modeled as a fluid source, and the reactor outlet will be cosine distribution, and calculated using the following
modeled as a fluid container. Moreover, the reactor is equation:

assumed stationary; hence, the movement of the ship due to

ocean waves is not modeled. q'(2) = q, COS:—Z 1)

Il. MATERIAL AND METHOD . . . .
where, g, is peak linear heat generation rate, is

A. Modeling of Hydrodynamics Components extrapolation length where neutron flux has non zero value,

Based on the reference [1], the KLT-40S reactor has theand the value of is in the range betweenl, /2 andL,/2.

physical appearance, as shown in Fig. 1. After the calculation has been done, thermal-hydraulic

components of the KLT-40S reactor were nodalized to
comply with RELAP-3D input requirements. The
nodalization of the KLT-40S core components is shown in

Fig. 2.
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Fig. 1 Physical appearance of KLT-40S reactor [1]
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The technical data of the KLT-40S reactor obtained from
the reference [1] is summarized in Table 1.
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TABLE |
TECHNICAL DATA OF KLT-40SREACTOR([1]

1
Parameter Value Lo’ Z
Reactor thermal power 150 MWt
Electric power, net 30 MWe

Efficiency 23.3%
Primary coolant material Light water £{6) Fig. 2 Nodalization of KLT-40S thermal hydraulics components
Moderator material Light water (HO)
ES;C:S;Z%: height LlJ’(z)S?nrgrr?inert matrix _This nodalization was then modeled into RELA_P5—3D
Fuel element geometry Cylinder V\{|th t.he help of an mterface software, SNAP_. Figure 3
Cladding material Zircalloy visualizes the nodalization in SNAP. Input requirement and
Fuel element outer diameter 6.8 mm nodalization of the component were made with the help of
Number of fuel assemblies (FA)121 the software manual [7]. Component number 101 is a source
in a reactor core volume to represents the fluid source which will enter the
Primary coolant mass flow rate 761 kg/s reactor. Operation pressure is set at 12.7 MPa, and the
Reactor operation pressure 12.7 MPa coolant temperature at reactor inlet is set at’€86r 553.15
Primary coolant at a core inl¢t280°C K. Component 105 is a junction that connects the fluid
temperature source with other reactor thermal hydraulics components. At
Primary coolant at a core outlet316°C component 105, the value of coolant mass flow rate is set at
temperature 761 Kkg/s. Component 115 is the reactor inlet. The
Eg& :::2; ﬁ:gwhetter é‘ggg mm component with number 120 is an annulus channel, whiqh
RPV material R,ussian Steol codk  epresents the down comer region of the reactor. Th|§
15Cr2NIMOVA-A channel is enclosed by reactor pressure vessel (RPV) steel in

its outer diameter, and reactor barrel steel in its inner

After the technical data is known, flow area in the heating ﬁ'?&netefrl' Tr;e dovr\]/n _c?mer l():hannel C(_)nne(;tshthe coolant
channel, hydraulic diameter, flow geometry in the reactor "41d to flow from the inlet to bottom region of the reactor,
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represented by component 125. Component 125 wall is the Besides the main thermal-hydraulics component described
bottom region of the reactor pressure vessel. From thisabove, there are other components modeled in this research
bottom region, water coolant is flowing to the reactor core to approach the real flow condition in the reactor.
inlet which is represented by component number 135.Component 170 represents a small portion of the coolant that
Component 135 is modeled as a cylinder located at theflows into the upper head of the reactor pressure vessel when
bottom of the reactor core barrel. the high-pressure fluid is entering the reactor. Component
175 receives the coolant flow from components 170 and 166;
it represents the upper head of the reactor pressure vessel.
The coolant fluid from component 175 then flows through
empty volume inside the upper portion of the core barrel
represented by component 180 before mix up with the
heated fluid from the reactor core at reactor outlet or
component 168.

B. Modeling of Heat Structure

After the hydrodynamics components that simulate the
coolant flow inside the reactor is modeled, the next step is
heat structure modeling of all the reactor structures. These
structures are in direct contact with the coolant fluid.
Therefore they give or take the heat from the fluid, then
transfer it conductively from one channel into another. The
first structure to be modeled is the reactor pressure vessel
that is represented by heat structure 1201. This structure has
Fig. 3 KLT-40S reactor model in interface software, SNAP. a vertical cylinder geometry and uses Russian steel material
with code 12Kh2NMFA [1]. Thermophysical properties of

_Illnﬂthe tactt#al realctotr chore, t?e_co_(()jlar:'f[]frolglthe clore fmlelt Russian steel material with code 12Kh2NMFA were taken
will flow to the coolant channels inside the nuclear fuel ¢ reference [8].

assemblies, and a bypass channe| between core baffle and The upper and bottom structure of this pressure vessel in

b_arre! , thf'ﬂ s represented by component 140. F_Orthis model is represented by heat structure with number 1751
simplification of the mo.del' Fhose 121 coolant channels in and 1251. These two structures are created with half-sphere
the reactor core are divided into two channels. One channelgeometry with a sphere fraction of 0.54 for heat structure

which will represgnt the average h_ea}t generation channel1751 and 0.434 for heat structure 1251. Heat structure 1751
(component 160), is formed by combining 120 channels, andand 1251 also use Russian steel material with code

one channel that represents the power peaking heat.LSKhZNMFA [1]. The reactor barrel in this model is
generation channel (component 150). The bypass channel artepresented by heat structure 1421 that has cylinder

the m|ddlteh of :]het_fuel aﬁsem?llez IS m(l))(_jele(zjd 'fzéhi Samegeometry and uses the same material as the reactor pressure
way as the nhealing channel. combine YPaSSyassel. This structure will transfer the heat that it takes from
channels in the average heat generation channel

ted b ¢ 155 d b h I'_Sthe fluid inside the reactor barrel conductively into its
represented by componen , and one bypass channel 18, iqije diameter. The reactor core baffle that is located

the power peaking heat generation channel is represented bpﬁside the core barrel is represented by heat structure 1641.

component 145. The geometry of heat structure 1641 is approached with the

The tog“?t of the flvte 1%hSann$]I_shdescr|bedt at;ﬁve IS cylinder and use Russian steel with code 15Kh2NMFA as its
connected 1o componen , WhiCh represents he Corg ierial [1]. This structure will transfer the heat it takes
outlet. Similar to component 135, component 165 is part of}

125

; rom the fluid inside the reactor core into the outside of the
the reactor barrel and modeled as a cylinder. Component 16

s th lant ch | ab " affle through conduction.
represents the —coolant - channel above he Coreé,  and aa¢ sirycture number 1501 and 1601 represent fuel rods
component 166 represents the control guide tube. The

. . ., inside fuel assemblies. Heat structure 1501 represents the
control_ guide tube can also be flowed by cooling fluid, fuel rods inside a fuel assembly channel with power peaking
assuming that aII_ of the conirol rods are pulled out. heat generation. Heat structure 1601 represents all the fuel
Component 167 will flow the heated coolant from the core rods inside all other fuel assemblies that assumed to have an

into the reactor outlet, which represented by component 168'average value of heat generation in each of its fuel

Comtponent 1?)8 h?s t:hte hsame ;/ellrtlcgatl .ﬂOW areata(;is :heassemblies. These two structures have solid cylinder
reactor core Dbarrel, but horizontally 1t 1S connecte 0geometry and use ceramic-metal (cermet) UO2 fuel
junction 169 that represents the connection between th

¢ " q th " tside th tedispersed in inert silumin matrix material and cladding
reactor system and another System oulside e Teaclop,iarjgl made from  zirconium alloy (zircalloy) [1].

pressure v_essel. In this model, aﬂgr thg coolant flw_d exiting Thermophysical properties of fuel materials were taken from

from junction 169, the coolant fluid will be contained in reference [8,9] for cermet UO2 fuel dispersed in inert

component 199 that represents the fluid container. TheSilumin matri>’< and reference [10] for zircalloy

geometry (f)fkcom_pon?r?t 1991is set_to _ge \t/re]ry Iargie_ W'thfthe These two structures are supposedly generating heat from
purpose of keeping the pressuré insiae the container oMy, . geqion reaction inside the reactor, but in this research,

Sggggpg the pressure of systems in the reactor PressUifne structure heat generation is modeled as heat generator
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with the total power is set to an operating power known from 8,000, 12,000, and 16,000. The variation value of axial and
the reference, which is 150 MW. A cosine distribution radial power peaking factor is 1.0 (homogeneous power
approximates the axial power distribution. The illustration of distribution), 1.1, 1.2, and 1.3.
the axial power distribution of this KLT-40S reactor core  The resulting data from the steady-state simulation can be
model is shown in Fig. 4. used to validate the RELAP5-3D model. Such validation is
The difference between heat structure 1501 and 1601 is itperformed by comparing the steady-state simulation result
number of fuel rods and the heat generation inside it. Thewith the available data taken from the reference. The aim of
number of fuel rods can be set by adjusting the heat transfethis validation is to make sure whether the simulation result
surface area between these two structures. Thus, the hedtom the RELAP5-3D code can be accepted or not.
transfer surface area of heat structure 1601 is equal to 12®Reference [1] is used for this comparison. The parameters
times the heat surface area of heat structure 1501. The santhat were compared are the primary coolant temperature and
logic also applies to the determination of the power value mass flow rate at the outlet of the reactor.
generated in each structure. Conduction also takes place in The transient condition will happen if the reactor system
the structure of bypass channels inside the fuel assemblieghat already on its steady-state condition is disturbed. The
These channel structures is represented by heat structureimulated disturbances in this research are disturbance
1451 for the bypass channel inside the power peaking heataused by the change of coolant pressure and mass flow rate
generation channel, and heat structure 1551 for the bypasat the reactor inlet. This simulated transient will be done by
channels inside the average heat generation channels. Theggving the system input change that similar to step and ramp
two structures are modelled with same Russian steel materiasignal. This signal generation will start once the system has
as the reactor pressure vessel and receives heat from thachieved its steady-state condition. With the data from the
fluid inside heated channel in the fuel assemblies, then givessteady-state simulation, the exact time to start the parameters
the heat to the fluid inside it. signal change generation will be known. In this research, the
effect of each parameter change toward the system will be
observed. Thus, the shift in pressure simulation and the
change of mass flow rate simulation will be done separately
and assumed independently at the reactor inlet. The shift in
coolant pressure simulation will be done four times to
simulate a 10% step increase, 10% step decrease, 10% ramp
increase for 200 seconds, and 10% ramp decrease for 200
seconds. The value of a 10% pressure increase, and the
decrease was based on acceptance criteria for transient in
reference [11]. The change of coolant mass flow rate
simulation will also be done four times to simulate a 20%
step increase, a 20% step decrease, a 20% ramp increase for
p 200 seconds, and a 20% ramp decrease for 200 seconds. The
e = value of 20% mass flow increase and the decrease was based

0 qe on reference [12].
Fig. 4 Reactor core axial power distribution with the power peaking at the
center of the fuel rod. D. Result Analysis

C. Smulation of Steady-State and Transient Condition The first result analysis is to determine the value of the
flow loss coefficient at the bypass channels and axial and

o o eI [ 2Uics faal pover peaking facor at he poer peaking et
P P eneration channel. This result will be used for later

power generation. Based on that condition, the steady-stat ransient simulation. From this steady-state simulation,

simulation will pe done by running the calculation with several data which will be taken are steam fraction at all of
constant operation parameter or constant coolant PreSSUrt e fuel channels, steam fraction total at the outlet of the

an?jrorgaﬁznjilggvccr)?;e ogg::tngr]ncfgglingIvzgssrlirggcljat;%gvgms?i.ll reactor, mass flow rate at all fuel channel, the mass flow rate
Y y P 9 at all bypass channel, and coolant temperature at the outlet

1o 2 robles beceuse o navalaie Ilon coeficirLo e Teacor. PWR fype reactor a s rormal operaion
mass flow distribution. that V\F/)i” be different from the actual should not produce steam at all, in its entire fuel channel.

T L For that reason, the desired variation that will represent the
distribution. To resolve that problem, several variations of | diti f1h is th iation th duci
flow loss coefficient at the bypass channels will be used in actual condition of the reactor Is the variation that producing
the simulation and its effect on several axial and radial zero steam fraction at all of its fuel channels.

ower peaking factors will be observed to determine which After the variation that represents the actual flow
\eariatio?l is thge most suitable to represent the real coolantCondition of the reactor is determined and compared with the
flow condition in the reactor corep Moreover. from the value from the reference, the chosen variation will be used to
simulation at several power eakin. factor va'riations the simulate the transient condition of the reactor. Parameters

. ' b peaking . ' that need to be observed at reactor transient condition are the

optimum value of axial and radial power peaking factor at

. ! system pressure, coolant mass flow rate at inlet and outlet of
the power peaking heat generation channel can be

determined and used in the transient simulation Thethe reactor, temperature of fuel and cladding at all fuel
o - ' channels, the temperature of the coolant at inlet and outlet of
variation values of the flow loss coefficient are 0, 4,000,

A

|
£
|

- 0.6
- 0.48
- 0.36
- 0.24
- 0.12
- 2=0
- -0.12
I -0.24
- -0.36
- -0.48
- -06
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the reactor, and steam fraction which produced inside th

reactor and exiting the reactor system.

I1l. RESULTS ANDDISCUSSION

A. Seady-State Smulation

The reactor thermal hydraulics simulation at steady-stat
condition has been done by varying the value of flow los
coefficient at bypass channels, and axial and radial powg
peaking factor. The results of this simulation on severa

variations are shown in Table 2.

TABLE Il

STEAM FRACTION PRODUCED BY FUEL CHANNELS AT SEVERAL VARIATIONS

e 4,000 0 0 0
8,000 0 0 0
0 0.485 0.370 0.085
11 4,000 0 0 0
8,000 0 0 0
0 0.494 0.368 0.085
4,000 0.045 0 2.50x10
e 1.2 8,000 0.029 0 0
5 12,000 0.021 0 0
" 16,000 0.015 0 0
[ 0 0.502 0.367 0.085
l 4,000 0.112 0 2.63x10
13 8,000 0.097 0 1.71x10
12,000 0.090 0 1.37xf0
16,000 0.086 0 1.20xf0

Based on Table 2, the variation that will be used to

Power peaking| Flow loss Steam Steam The steam simulate transient conditions can be determined. The desired
factor coefficient | - fraction | fraction | fraction at variation is the variation of flow loss coefficient and axial
- - channel channel the reactor . . .
Axial | Radial 150 160 outlet and radial power peaking factor, which produce zero steam
0 0.467 0.371 0.085 fraction at all of its fuel channels. Several variations produce
10 4,000 0 0 0 zero steam fraction at all of its fuel channels. These
8,000 0 0 0 variations are all variation with radial power peaking factor
7 800 %‘8832 0'3070 %’085 values of 1.0 and 1,1, which have a flow loss coefficient of
11 8.000 0,025 0 0 4,000 and 8,000, except for the variation with 1.0 axial
12,000 0.021 0 0 power peaking factor value. From the result above, the
16,000 0.018 0 0 chosen radial power peaking value is 1.1.
10 0 0.494 0.368 0.085 The chosen flow loss coefficient value is 8,000 because
12 g’ggg 8'823 8 éégﬁ% no significant_ mass flow rate chang_es that f|OW through the
' 12,000 0062 0 = 00x70 fuel channel if the flow loss coefficient value is more than
16,000 0.059 0 4.28x10 8,000. In all simulation with 8,000 flow loss coefficient
0 0.501 0.367 0.0845 value at different axial and radial power peaking factor, the
4,000 0.131 0 3.57x10 maximum steam fraction generated from the fuel channel is
13 8,000 0.118 0 2-56"1;8 relatively low because it is less than 12% of the coolant mass
ig’ggg 8:133 8 iégifo that entering the fuel channels. Determining the value of the
0 0.467 0.370 0.085 axial power peaking factor at a normal reactor operation has
1.0 4,000 0 0 0 to consider the power peaking factor shifting during a
8,000 0 0 0 reactor cycle. This axial power peaking factor shifting is
0 0.484 0.369 0.085 simulated with 1.1 radial power peaking factor value and
L1 g’ggg 0'817 g 8 8_,000 _flow loss coefficient_ at bypass channels. These
) 0493 0368 0.085 simulation results are shown in Table 3.
11 4,000 0.066 0 7.31x1:0
1.2 8,000 0.055 0 3.93x10 TABLE 1l
12,000 0.051 0 2.86x10 STEAM FRACTION PRODUCED IN THE FUEL CHANNELS AT VARIOUS AXIAL
16,000 0.048 0 2.32Xf0 POWER PEAKING POSITION
0 0.502 0.367 0.085
4,000 0.124 0 3.20x10 Axial powel  Flow loss fStegm Steam | The steam
13 8.000 0.110 0 > 23xT0 peaking |coefficient (powe raction | fraction | fraction at
12,000 0.104 0 1.88xT0 factor | peaking position channel | channel | the reacto
16,000 0.101 0 1.69xF0 150 160 outlet
0 0.467 0.371 0.085 8,000 (center) 0 0 0
10 4,000 0 0 0 1.1 8,000 (top) 0.035 0 0
8,000 0 0 0 8,000 (bottom) 0 0 0
" 4,800 0.465 0559 9.085 8,000 (center) 0 0 0
8,000 0 0 0 1.2 8,000 (top) 0.044 0 0
0 0.493 0.368 0.085 8,000 (bottom) 0 0 0
1.2 4,000 0.055 0 4.48x1:O 8,000 (center) 0 0 0
12 8,000 0.043 0 1.88x10 1.3 8,000 (top) 0.051 0.005 2 x%10
ig:ggg . 2 . 8,000 (bottom) 0 0 0
0 0.502 0.367 0.0846
4,000 0.117 0 2.88x10 Table 3 shows that the axial power peaking shift was not
13 8,000 0.103 0 1.94x10 much affecting the steam production in the fuel channel
12,000 0.096 0 1.50x10 because total heat generation in each channel remains the
16,000 0.093 0 1.41x%0 . ;
13 10 o 0467 0371 0.085 same. Therefore, the chosen axial power peaking factor
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factor which had been chosen before. The power peaking Fig. 5 shows that when the inlet pressure increases, the
factor with the value of 1.0 was not chosen, although it hadfuel and its cladding temperature will also increase because
fewer steam fraction production than 1.1 because, in actuabf an increase in water coolant thermal conductivity. On the
condition, homogeneous power distribution is difficult to contrary, when the inlet pressure decreases, fuel and its
achieve. Thus, the parameters that were assumed to represediadding will also decrease because of the decline in the
normal operation at steady-state conditions were awater coolant thermal conductivity. At this transient
combination of 8,000 flow loss coefficient value, 1.1 radial condition where the inlet pressure suddenly increases to 110%
power peaking factor value, and 1.1 axial power peakingand drop to 90% from its nominal value, there are no fuel
factor value at the center of the fuel rod. and cladding temperature which have value beyond safety

Before running simulations at transient conditions, limit from the reference [9,13] which is 50Q or 773.15 K
simulation results from the chosen variation had to be for fuel material, and 2206F or 1437 K for cladding
verified with the value from the reference. The validation material. The temperature changes when the pressure
process was done by comparing coolant temperature andlecrease is more extensive than when the pressure increase.
mass flow rate at the outlet of the reactor with the data fromWhen the pressure decreases, the fuel channels will be
the reference. Operation parameters from the inlet of theproducing steam. The appearance of steam in the fuel
reactor were not compared because those values had beahannel will decrease the heat transfer from the fuel into the
used as an initial condition to run the simulation. A coolant. On the other side, increasing the pressure will not
comparison between the value from the simulation result andproducing steam in all fuel channels. Therefore it will have
the value from the reference is shown in Table 4. smaller temperatures different.

It can be concluded from Table 4 that RELAP5-3D is  The fuel and cladding temperatures from the simulation
applicable to simulate the thermal-hydraulics phenomenon inresult with a 10% ramp decrease and increase of its coolant
the KLT-40S reactor. The reason for the conclusion above isinlet pressure are shown in Fig. 6.
the small error values are shown when the simulation result

is compared to the values from the reference. 660 T ' T
TABLEV =T T —————————]
VERIFICATION RESULT OFKLT-40S THERMAL-HYDRAULICS MODELING =
WITH RELAP5-3D GBE g -
Operation Parameterf  Reference Simulatign Error
Fluid temperature at| - g4 ;5 588.645 | 0.086 %
reactor outlet (K) 620 - _
Mass flow rate at 761 | 761.00004 | 5.3x1%6 e == =

reactor outlet (kg/s)

Temperature (K)

B. Transient Smulation

The results of the fuel and its cladding temperature in the
fuel channels from a transient simulation with a 10% step
decrease and increase of its coolant inlet pressure are showr

600

Fuel center temperature at peak channel
Cladding temperature at peak channel

) . 580 = Fuel center temperature at average channel .
Claddi Vi hannel
in Fig. 5. e ‘Wil oot st s Pt et
=== (Cladding temperature at pcak channel
. === Fuel center temperature at average channel
660 T : T Cladding temperature at average channel
D i e i e iy 56(] | | 1 1
______________________ 400 500 600 700 800 900 1000
Time (s,
640 Et (s)
Fig. 6 Result of transient simulation with 10% ramp decrease and increase
of the coolant inlet pressure
£ 620 Fig.6 shows that when the pressure slowly increases, the
5 e i fuel and cladding temperature will also gradually increase
g k because of the increase in water coolant thermal conductivity.
5 600+ ] Similar behavior is also observed when the pressure slowly
decreases, the fuel and cladding temperature will also
: . decrease because of the coolant thermal conductivity
== Fuel center temperature at peak channel . . .
——  Cladding temperature at peak channcl changes. From Fig. 6 it can be observed that at transient
580 - == Fuecl center temperature at average channel i . . . .
el . oy oeerebeiogen hwamiy condition ramp increase and decrease of its inlet pressure
S Sdwsescimdpbiued have similar final temperature value as in the step change of
Cladding temperature at average channel | inlet pressure. In the condition where the coolant inlet
560 ‘ . ‘ pressure increase and decrease slowly 10% from its nominal
490 500 510 520 530 ) :
Time (&) value, there are no fuel and its cladding that have value

Fig. 5 Result of transient simulation with 10% step decrease and increase ofbeyond safety limit from the reference [9,13] which is 500

9. u | imuilati Wi (] | 0, H

the coolant inlet pressure C or_773.15 K _for fugl material, and 228@ or 1437 K for.
cladding material. Fig. 7 shows the fuel and cladding
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temperature at all of the fuel channels from the transient It can be seen from Fig. 8 that the fuel and cladding
simulation result with a 20% step decrease and an increaséemperature in this condition does not change much. The
of its coolant inlet mass flow rate. 20% increase in the coolant mass flow rate has little effect
but slightly decreasing the temperature of the fuel and its
0 ' cladding. The 20% decrease in the coolant mass flow rate is
also slightly increasing the fuel and cladding temperature.
----- = == = The difference between ramp changes results compare to
R —— step changes results are the ramp input has smoother
changes than the step input, but the final value is the same.
The slight changes that happen in this ramp input simulation
result have the same reason as the step input above, which is
caused by the increasing and decreasing amount of water
coolant that receiving the constant amount of heat energy
from the fuel. When the coolant mass flow rate slowly
T—— A ——-t decreases, the steam bubble will slowly beg_in to appear in
- — i — the fuel channels. None of the fuel and cladding temperature
’ S e ettt value is passing beyond the thermal safety limit, but the
Pl o a9 interaction between steam and the cladding is not simulated
e e in this research.

620

Temperature (K)

600

560 - - ‘
490 500 510 520 530

Time (s)

IV. CONCLUSIONS
Fig. 7 Result of transient simulation with 20% step decrease and increase of . . . .
thg coolant inlet mass flow rate P Thermal hydraulics modeling and simulation of KLT-40S

reactor at steady-state condition has been done with a chosen

It can be seen from Fig. 7 that the fuel and cladding variation that assumed to represent the reactor normal
temperatures at this condition do not change significantly. operation condition has flow loss coefficient at bypass
The increase of coolant mass flow rate at 120% from its channels 8,000, radial power peaking power 1.1, and axial
steady value is decreasing fuel and cladding temperature bupower peaking factor 1.1, positioned in the center of the fuel
only a little. Decreasing the coolant mass flow rate will only rod. The result of the verification is RELAP5-3D can be
increase the fuel and cladding temperature a little too. Theapplied to simulate the thermal-hydraulics phenomenon of
fuel and cladding temperature decrease because the sam@e KLT-40S reactor because its simulation result of coolant
amount of heat energy is transferred into the coolant that itsoutlet temperature and mass flow rate, has a small error, less
amount has increased by 20%. The same relation happenthan 0.1% compared to the values from the reference.
when the coolant mass flow rate decreases 20%; the sam&hermal hydraulics simulation of KLT-40S reactor at
amount of heat energy is transferred into the coolant, thustransient condition has been done by increasing and
increasing the fuel and cladding temperature and producingdecreasing the value of inlet pressure (10% from its normal
steam in its fuel channels. In this condition, fuel, and value) and coolant mass flow rate (20% from its normal
cladding thermal safety limits are not exceeded. The fuel andvalue) with step and ramp input. The fuel and cladding
cladding temperature from the simulation result with a 20% temperature value at the steady-state condition and several
ramp decrease and increase of its inlet coolant mass flowtransient conditions are predicted in this research, and no
rate is shown in Fig. 8. temperature value goes beyond the safety limit.
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