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Experimental and numerical transient analysis of Tehran Research Reactor (TRR)

A. Lashkari, H. Khalafi*, H. Kazeminejad, S. Khakshourniya, A. Ezzati, M. Keyvani, A. Hosnirokh
Reactor Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 14155-1339, Tehran — Iran

Abstract: In this paper, a numerical model is presented to analyze a series of reactivity insertion and
loss of flow transients in TRR. The model predictions are compared with the experimental data and
PARET code results. The model uses the piecewise constant method and the lumped parameter methods
for the coupled point Kinetics and thermal-hydraulics modules, respectively. The advantages of the
piecewise constant method are simplicity, efficiency and accuracy. A main criterion for the applicability
range of this model is that the exit coolant temperature remains below the saturation temperature, i.e. no
bulk boiling occurs in the core. The calculated values of power and coolant temperature, in both positive
reactivity insertion and loss of flow scenario’s, are in good agreement with the experiment values.
However, the model is a useful tool for the transient analyses of most researches encountered in reactors in
practice. The main objective of this work is using simple calculation methods and benchmarking them with
the experimental data. This model can also be used for training purposes.

Keywords: Tehran research reactor, Thermal-hydraulic, Reactivity insertion, Loss of flow
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Read constants & parameters

Solve hydraulic equations and calculate
temperlatures
s 4

calculate feedbacks & reactivity

t +—t+h

Solve neutron kinetics equations and
calculate power

v

calculate hot and medium channel
temperatures
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t < transient time
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. Piecewise constant method
. Inhour
. Lumped parameters
. Temperature feedbacks
. Engineering factor
. Radial peaking factor
. Axial peaking factor
. Materials testing reactor
. Dittus-boelter correlation
10. Subcooled
11. Seider-tate
12. Compensated ionization chambers
13. Uncompensated ionization chamber
14. loss of flow accident

OCo~No ok wWwNE

YA

— Model
=-©-Exp.
----PARET
- "
5T i
J
n
a
VL
|
S
Y Fuu S A
(46) Ol
(o))
24
a = Model
Y |emmmommmmmmmmmmmmm e 1| -oExp.
) 5o OeTeeete————a | ___.
% coe ‘eeeer‘ar)ere.I PARET
- Y[ [
2.
3
o
¥ ol
(0 i
1 e
_") A .
vF ; : ; :
o Y Foo 14 A
(466) Ok

<o C)L..o\ Jhis 4wy ol & sadsl> £3° Sl Y IS

w5 OT s sl () 1015 () i B (50505

S 5 domis f
P304 0T &S558 w45 (solgidy (3us i
s les g gy an OT &S dun e 5 i 5 Jldde o3
Gl o o 1y S s e s St Glaabslas (o 5
i 1 O S 558 T 6L, sl Sl
Jedow 6l 5 PARET S ol om0 (olgiiy Jobs 1S s
2 S S Ss 0L o 8 5 Ste s p b ST G5
claesls b uS 55 ol (glaassl 5 ub eslizal Ol g5 55T,
lasliie (s pdy 2S5 Goop lesT 5o s aglis g 2
oy (g5 Dl Bl (o2 Gresls L Oly (o (s iy
5 b e JUIST 55 oS e (gl o i slales Js

0L o Sals ui.iL»jT)a D g s geshy 5t 'Cl:



\YAF VF (glan 055 5 (a)Lr— Sl

o
A
%

[1] S.M. Khaled, Numerical modeling of reactivity
excursion accidents in small light water reactors,
department of nuclear techniques institute of
nuclear techniques budapest university of
technology, PHD Thesis (2006).

[2] T. Hamidouche, A. Bousbia-Salah, M. Adorni,
F. D’Auria, Dynamic calculations of the IAEA
safety MTR research reactor benchmark problem
using RELAP5/3.2 code, Annals of Nuclear
Energy, 31, (2004) 1385-1402.

[3] W.L. Woodruff, A Kkinetics and thermal-
hydraulics capability for the analysis of research
reactors, Nuclear Technology, 64 (1984) 196-206.

[4] M.A. Gaheen, Simulation and analysis of
IAEA benchmark transients, Annals of Nuclear
Energy, 49 (2007) 217-229.

[5] H. Kazeminejad, Thermal-hydraulic modeling
of flow inversion in a research reactor, Annals of
Nuclear Energy., 35 (2008) 1813-1819.

[6] D.L. Hetrick, Dynamics of nuclear reactors,
(1972).

[7] H. Kazeminejad, Reactivity insertion limits in a
typical pool-type research reactor cooled by
natural circulation, Annals of Nuclear Energy., 33
(2006) 252-261.

Y4

CF
b x> 40

[8] M. Kinard, E.J. Allen, Efficient numerical
solution of the point kinetics equations in nuclear
reactor dynamics, Annals of Nuclear Energy, 31
(2004) 1039-1051.

[9] C. Housiadas, Lumped parameters analysis of
coupled Kinetics and thermal-hydraulics for small
reactors, Annals of Nuclear Energy., 29 (2002)
1315-1325.

[10] F.W. Dittus, L.M.K. Boelter, Publications on
engineering, University of California, Berkeley, 2
(1930) 443.

[11] A. Lashkari, H. Khalafi, S.M. Mirvakili,
Neutronic analysis for Tehran Research Reactor
mixed-core, Progress in Nuclear Energy., 60,
(2012) 31-37.

[12] A. Lashkari, H. Khalafi, H. Kazeminejad,
Effective delayed neutron fraction and prompt
neutron lifetime of Tehran research reactor mixed-
core, Annuals of Nuclear Energy, 55, (2013) 265-
271.



