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IGR RESEARCH REACTOR. CORE DESCRIPTION

15 16 b 1 — central experimental
1 e B channel (CEC);
l| 2 — core (movable and
14 4 | fixed part of the stack);
3 1 3 — channels of control
— . . rods; _
Tevel ' . 4 — physical measurement
o [ | channel;
6 3 5 — thermocouple (TEC)
3 channel;
13 == 6 — lateral experimental
i | s channel (LEC);
2 | 7 — neutron source
1 I 271 channel;
i 8 i 8 — reflector;
9 9 — side shield (three
shells);
10 - 10 — casing;
10 1 F 11 — water tank;
N 1 12 — cooling water cavity;
12 13 — ionization chambers;
14 — neutron counter
channel;




IGR RESEARCH REACTOR. MAIN CHARACTERISTICS

«Neutron burst» mode

Neutron spectrum: thermal;

Power 10 GW

Energy release 1,5GJ Fuel: UOZ(NO3)2’ 90% eanChment by
. Core temperature 600 K U -2 3 5 ;
E Halfwidth 0128 Core: homogeneous, heat capacity

Thermal neutron-flux

density 71016 gm2 ! type’
TCR: negative;

Maximum energy release: 5.2 GJ;
Maximum graphite temperature:
«Impulse» mode 1400 K:
. o Medium: helium;
Erergyrlesse 521 Control rods:
Coreemperaure 1400 starting, compensating,
Duration 1...10°s

automatic and manual

Power

Thermal neutron-flux

density 710" sm? ™ COntrOl rOdS;

Thermal neutron H
A e 37100 sm? Experimental channels:
AN central d=282 mm,

time

fateral d=82 mm;




196

196

Y

To form the core columns, graphite blocks with a
cross section of ~ 98 x 98 mm impregnated with
uranium solution are used, and unimpregnated
graphite blocks with dimensions of ~ 197 x 197 mm
are used for the side reflector. The height of the
blocks is from 140 mm to 148 mm.




MODELING. MESH STRUGCTURES

Mesh structures contain information about the location of nodes and their number. Based on
these data, finite elements (mainly hexahedra) are generated, each of which consists mainly
of 8 nodes. The mutual arrangement of nodes directly affects the quality of the elements of
the future grid, so their coordinates were calculated and optimized individually for each mesh

structure.
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MODELING. MESH STRUGCTURES

Mesh structures contain information about the location of nodes and their number. Based on
these data, finite elements (mainly hexahedra) are generated, each of which consists mainly
of 8 nodes. The mutual arrangement of nodes directly affects the quality of the elements of

the future grid, so their coordinates were calculated and optimized individually for each mesh
structure
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MODELING. TOOLS

All stages of work: models generating, preparing and gl
performing calculations, processing results, etc., are | “__
performed automatically using programming tools.

(

Initial data  VB.NET MCNP ANSYS

Blocks geometry Initial data processing IGR neutron model IGR thermal model
Columns design Generating MCNP input Materials Materials
Columns location Generating ANSYS input Power diagram Thermal field
Data / Results exchange Energy release Temperatures nodal
between models calculation solution




MODELING. LOADS

As an example here you can see the number of data
loaded into the model

N

Height levels
1 2 3 4 5 6 7 .. 324
Col um n_l 15_33502 -4.4 -4.380087 -4.360174 -4.340261 -4.320348 -4.300435 -4.280522

R e et

19.29401 2.679e+02 3.204e+02 3.132e+02 2.702a+02 3.235e+02 .007e+02 3.103e+02 3.524e+02

4 19.76104 5.292e+02 £.4132402 6.306e+02 5.615a¢02 6.621a+02 £.2058+02 6.4632+02 Lle+02

‘ o -4.4 -4.380087 -4.360174 -4.340261 -4.320348 -4.300435 -4.280522 -4.260609 |54=+02

Column 2 D GO0t 00000 0reeH) DiouiGh  0.doomrse  0.10berss  o-outait  o.o0nas |ehesos
— ] 19.29401 1.9468+02 2.477e+02 2.495e+02

2.6999+02  2.BB3e+0Z2  3.2000+0Z2  3.3978+02  3.440e+02 [35e+03
19.76104  3.984e+02  4.584e+02  5.07%+02 5.5

-4.260609
0.000e+00  0.0002+00  0.000+00  0.0002+00

o402 5.8260402  6.513a+02  6.9550+02  7.052e+02 [062+03

| o 4.4 -4.300087  -4.360174  -4.380261 -4.320348  -4.300435 -4.200522  -4.260609 03202 [15e+03

Column 3 3900 00000000 0000000 0.000000 00000400 00006500 0.0000000  0.000000  0.00meenn 390403 [s0+03

— 19.29400  1.9468+02  2.477e+02  2.435e+02  2.899e+02  2.B63e+02  3.200e+02  3.397e+02  3.4d0s+02 0703|2503

19.76104  3.9840+02 _ 4.984e+02  5.0790+02 5.907e+02 _ 5.B260+02 _ 6.5140+02 _ 6.955e+02  7.052e+0z |198+03 |76e+03

| o —4.4 -4.390087 -4.360174 -4.340261 -4.320343 -4.300435 -4.200522 -4.260600 [95een2 [30e+03 [62e403

Column 4 33500 0.0000000  0.0000000  0.0000400 00000400 0.0000¢00 00000400 0.0000400 0. 0000+00 |saes0s |s10-03 [sTe+03

— 3 19.29400  1.5462+02  2.477e+02  2.455e+02  2.699e+02  2.883e+02  3.2008+02  3.397a+02  3.4408+02 07es03 [0Les03 [00+03

19.76108  3.9840+02 _ 4.884e+02 _5.079e402 . 5.B360+03 _6.5l%a+02 5550402 7.052e+02 |19e+03 |570+03 [556+03

0 1.4 -£.300007  -4.360178  -4.340261 -4.320345  -4.300435  -4.260522 -4.260605 |358+02 [soesp [46e+03 [268+03
Column 5 |: isssm oomerso oo oiinsss o

0.0008+00  0.0009+00  0.0009+00  0.000e+00  0.000e+00 |382+03 64e+p3 [16e+03 |BEa+03
19.29401 2.679e+02 3.204e+02 3.132e+02  2.702e+02

3.2358+02  3.0072402  3.103e402 072403 Jo16+03 |028403 93’“&3
19.76104  5.2670402  6.4130402  6.306e+02 5.6158+02  6.621ae02  6.2050+02  6.4630402 19a:03 [575+03 |59e+03 622403
I 0 -4.4  -4.380087 -4.360174 -4.340261 -4.320348 -4.300435 -4.280522 -4.260609 [s4es02 [s0e03

166403 |01e+03 |51e+03
630103 [6d0+03 |acasns [90003 318402
.1406+02 [392403 [01e+03 Jo2esns |126+0a 102403
Jer02  5.8265+02 _ 6.5lda+02 _ 6.5592+02  7.052a+02 |uges03 |570+03 [seesna [30e+03 [002403
| ] a4 2300007 4.360174 -4.340261 -4,320348 -4.300435 4.200522 —3.260608|852+02 [75e+03 [46a+03 fores03 [250+03 [E0E03
2 18.33500  0.0006+00  0.0006+00  0.0000+00  0.000e+00  0.0006+00 0.0006+00  0.000a+00  0.0006+00 |382+03 [s0s+03 f16e+03 |spesps 732403 |172402
3 1525401  1.9468+02  2.477e+02  2.495e+02  2.09%+0Z  2.003e+02  3.200e+02  3.3979+02  3.4408+02|07e+03 25es03 Jozas0d [120ep3 [190+03 [826103

19.76104  3.9840+02  4.984e402 5 £.9550+02  7.0520+02 |792+03 [T6e+03 [59e+03 [anesqy |10e+03 [B3203

see 2 18.33900  0.0006+00  0.000e+00  0,000e+00  0.000e+D0
3 19.29401  1.9460+02  2.477e+02  2.495e+02
3.9842+02  4.9848402 &

0.000e+00  0.000e+00  0.0008+00  0.000e+00
2.8990+02  2.BB3a+02  3.2000402  3.397e+02 3
92402 5.9

0782402 5.907e+02  5.826e+02  6.514a+02
5 20.16446  4.6182402  5.676e402  5.8552402  6.813e402

E53e+03  3.281e+03

2 6.6632002  7.5068402  8.06le+02  8.195e+02 |50e+03 [62e403 Jo1e+03 fosesns |EBes03 [00R 03
€ 20.36662  5.2292+02  1.114e403  1.163e403  1.355e403  1.313e403  1.4912403  1.€10e+03  1.638e+03 |6de+03 [57e+03 [o8e+03 |73e+03 |93e+03 |278403
7 20.54068  1.073e+03  1.272e+03  1.3452+03  1.568e+03  1.507e+03  1.724e+03  1.8732+03  1.907e+03 [01e+03 [05e+03 [126+03 |45e+03 [31e+03
3 20.727173  1.0002:03  1.163e+03  1.246e+03 1.385e403  1.597e+03  1.7d45e:03  1.779e+03 |578+03 |sse+03 [a9a+03 f19es03 |350+03
9 20.89881 1.24%6+03  1.357e+03 1.4956403 L737€403  1.9108+03  1.9508+03 |46e+03 |9ge+03 |250+03 |esesns |EBa+0T
wn ) 21.0402F  1.326e+03  1.484e+03  1.633e+03  1.507e+03  1.764e+03  2.0910+03  2.312e+03  2.364e+03 |462403 [86e+03 |732403 Jozesn (218403
(D) 4 21.16920  1.4576+03  1.59%e+03  1.784e+03  2.0856403  1.933e+03  2.2846+03  2.5406+03  2.601e+03 |02e+03 [33e+03 [15e+03 [31e+03
S 2 21.29574  1.4878+03  1.39%403  1.810e+03  2.117e+03  1.9430403 2.3168+03  2.531a+03  2.6578+03 |56e+03 [62e+03 [108+03 [sse+03
13 21.41662  1.5298+03 3 2.4248403  2.6932+03  2.746e+03 [0le+03 Jaler0d J6aa+03 feae+n3
TU 5 21.52847  1.632e+03 3 2.633e+03  2.904e003  2.946e+03 [98e+03 [31e+03 [93e+03 |210+03
21.63330  1.710e+03 C I 340 3 2.809s+03  3.0762+03  3.102e+03 [12e+03 Jloev03 fatesos [
> 21.73510  1.732a:03 O u m n_ 3 2.897e+03  3.150e+03  3.159e:03 |986+03 fooss02 [35e+03
6 21,8340 1.7450403 3 2.9758403  3.2112s03  3.201e+03 [252+03 [s0e403 [c0e+03
Q 21.52860  1.788e+03

z 2.5800+03  3.105e+03 98e+03 |7132+03 |L7e403 210403
] 22.02072  1.83% 2.6596+03  3.467e+03  3.018e+403  3.2550+03  3.4626+03  3.412e+03 |452403 [52e403
20 22.10871  1.868a+03 2.819e+03  3.665e+03  3.168e+03  3.373e+03  3.36le+03  3.488e+03 |19e+03 [i3e403
2 22.19474  1.877e+03 2.811e+03  3.B28403  3.289+403  3.4550+03  3.622e+03  3.525e+03 |€e+03 Jooe+03
22.27860  1.8902+03 3.0152403  4.0082403  3.4230003  3.5508+03  3.694e+03  3.573e403 |93e+03 Ja7e403
3 22.35975 071e+03 3.125e403  4.148e403  3.620e403  3.6990+03  3.820e+03  3.745e+03 |3le+03
eee 22.43837  2.26le+03  2.544e+03  3.2352403  4.287e403  3.84les03  3.8508+03  3.947a+03  3.919e+03 [95e+03
22.51516  2.440e+03  2.64%303  3.322e+03  4.306e+03  4.030e+03  3.97de+03  4.045e:03  4.068e+03 [68a+03
= 22.59066 2.7408403  3.3882403  4.477e+03  4.198e+03  4.0756+03  4.116e+03  4.1938+03 |2le+03
27 2.83%0+03  3.462e+03  4.56%+03  4.37%e+03  4.186e+03  4.200e+03  4.331e+03[
| 2 403 3.5570+01  4.687e+03  4.58Be+03  4.323e+03  4.3066+03  4.495+03
t 29 3.0796403  3.657e+03  4.612e+03  4.610e+03  4.467+03  4.4108a+03  4.6608+03
22.876B2 _ 3.403e+03  3.18%e+03 _ 3.740e+03  4.913e+03 5

Matrix ( 340 x 324 x time )
Maximum t value currently used - 1009 contain more than 100 000 power density

loads (W/m?3) for each time value




RESULTS. THERMAL MODEL

Model composition:
4 700 304 nodes

4 614 328 elements
8 427 element types

Materials:
#1 graphite with uranium

(core) ]

#2 uranium free graphite 3D view

(reflector) ]
#3-#10 helium

Model dimensions:
6 525 mm height
2 700 mm diameter

Horizontal section Vertical section




RESULTS. VALIDATION. 10.4 sec start-up
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Time, s
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Temperature, K
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]
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.
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900 K 1400 K
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RESULTS. VALIDATION. 1000 sec start-up

1490 6 ---A7_calc ;%égé}%z:
1390 -
1290 | 5 S
1190
1090
990
890
790
690
590
490
390
290

b7_calc

---a9 _calc

---69 calc

o

w
Power, MW; Energy, GJ

---89_calc
---19_calc

—A7

T K

b7

N
@ Q.
0w O v

-
w0

—Power

0
0 200 400 600 800 1000 1200 1400

Time, s

Bl 164188
B 168104

Comparison between calculated and measured temperatures Temperature distribution for horizontal section
at the -1465 mm level (TEC location)




CONCLUSIONS

A new thermal model of the IGR reactor has been developed, which can be used to
calculate the thermal characteristics of the core with a high degree of accuracy due
to a number of distinctive features:

1) A full-scale 3D model of the IGR reactor core was built;

2) The geometry and material composition of each graphite block (more than 8,000 pieces)
is described in detail;

3) The materials are specified taking into account the dependence of their properties on
temperature over the entire range. The influence of the thickness of the helium gap on
the heat transfer between the blocks is taken into account;

4) The association of blocks to certain types and their coordination with the neutron model
was carried out;

5) Algorithms for setting loads in the form of internal volumetric energy release distributed
over the elements of the model (more than 10 million values) have been developed;

6) The model validated on real reactor start-ups in various modes;

7) The results of the thermal calculation contain information about the temperature in each
node of the model for each moment of time (hundreds of millions of values);

8) Validation results shows that the discrepancies in the temperature values are in the range
from 3% to 15%.
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