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Abstract

This paper introduces some results of dynamic simulations of the AMBIDEXTER-NEC
worthwhile for examining its self-regulation characteristics at transients induced by loss of cooling
flow or of reactivity control, and important for evaluating the design requirements and constraints
of the reactor regulating system.

For these purposes, we developed the MATLAB/AMBISM model, comprised of the point kinetics
equation with 6 delayed—neutron groups modified for circulating fuel characteristics, reactivity
feedback equations, and sets of heat transfer equations for each heat transport loop, and
incorporated with the MATLAB/Simulink package. Using this code, simulations were performed for

situations of the partial loss of cooling flows in the reactor system, the intermediate heat transport



loop, and the supercritical steam cycle loop, and of reactivity induced power runaway. Only the
assumed boundary condition was that the temperatures and pressures of the feed-water inlet to the
steam generator and reheater were invariant.

Results from simulations indicate that, due to a large negative reactivity coefficient of fuel
temperature, for partial loss of supercritical steam and coolant salt flows, up to 40% and 50% of
their normal flows, respectively, the reactor system can be stabilized to an other steady state
without any control actions. Similarly, for the cases of partial loss of the fuel salt flow rate and of
positive reactivity insertion, corresponding limits were found to 46% and 0.5 mk, respectively.
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Variation of Film Heat Transfer Coefficient with Primary-Salt

Flow Rate in the Reactor Core and Primary Heat Exchanger
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Reactor Core

Region 1 | Region 2 | Region 3 | Region 4
Number of Channel 1 [ 190 [ 284 [ 297
Height, ft 9.186
Fuel Salt Volume Fraction 000273 [ 0.07517 [ 011236 [ 0.80975
Graphite-to-Salt Heat Transfer Coefficient, Btu/hrft*F Center Zone @ 176544 , Outer Zone @ 1818.72

‘Temperature

Coefficients of Reactivity, 'F '

Fuel Salt [-2.4887E-05]

-ABTRTE-08 | -1.2072E-06 |

-LOB3IE-05 |

—1.3005E-05

Graphite [3.0218E-061

0 [ 1ouze-os |

1.8105E-06 |

0

Thermal-Neutron Lifetime, sec

2.5890E-04

Delayed Neutron Constants, B = 0.00302

Delayed Neutron Group, i Yield Fraction, B; Decay Constant, Mi(sec’)
1 0.000236 0.01258
2 0.000814 0.03342
3 0.000673 0.13078
4 0.000980 0.30268
5 0.000241 1.26950
6 0.000073 3.13641

[ 21 AARNA A=z =4l deiEE

Reactor Core

Heat Flux, Btu/hr 8.5361E+08 [250 MW
Fuel Salt Flow Rate, Ib/hr 1.7223E+07
Steady-State Rea ity, Po 0.0016773
External Loop Transit Time of Fuel Salt, sec 7.46
Region 1 Region 2 Region 3 Region 4
Heat Generation, Btu/hr 6.4996E+06 4.2742E+08 3.0956E+08 1.1013E+08
Fuel Salt Volume Fraction 0.00273 0.07517 0.11236 0.80975
Active Core Volume, ft’ 0.856 162.704 243.199
Fuel Salt Volume, ft’ 0.8563 23.609 89
Graphite Volume, ft’ 0 139.09 207.91
Fuel Salt Mass, Ib 176.93 4878.00 7291.33
Graphite Mass, 1b 0 15995.89 23909.65 0
Number of Graphite Elements 0 190 284 0
Heat Transfer Area, ft? 0 719.60 1075.61 0
Average Fuel Salt Velocity, fps 0.85 4.23 2.30 0.12
Core Transit Time of Fuel Salt, sec (Average:2.925 sec) 4.76 2.00 4. 83.49
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Heat Exchanger

THX SG RH
Length, ft 9.14 91.14 45.75
Tube OD, ft 0. 0.04167 0.06250
Wall Thickness, ft 0.00292 0.00642 0.00292
Heat Transfer Coefficient, Btu/hrft”F
Lump 1,2 3878.819 2315.160 906.043
Tube-Side Fluid Film Lump 34 45 3454.768 529.691
Lump 56 : 5728674 374.560
Lump 1,2 1209.427 1184.577 2267.445
Shell-Side Fluid Film Lump 34 789.320 1053.740
Lump 56 740.548

Tube-Wall Conductance

3588.613

1201.541

3783.969

[% 4] AARANA uAd dass)e] Feue

Primary Heat Exchanger (1713)

Coolant Salt Flow Rate, Ib/hr

2.963E+06

Number of Tubes 1602
Heat Transfer Area, ft” 1439.34
Tube Metal Volume, ft’ 3381

Tube Metal Mass, Ib 2088.15

Tube Side

Shell Side

Volume, ft* 742 46.31
Mass, 1b 1534.78 5476.39

Velocity, fps 7.26 1.37

Transit Time, sec 1.26 6.65

[ 5] AAFAA S718¢719] dhetr g

Steam Generator (171'3)

Steam Flow Rate, Ib/hr

5.900E+05

Number of Tubes

440

Heat Transfer Area, ft”

Tube Metal Volume, £t

Tube Metal Mass, 1b

15616.70

Tube Side

Shell Side

Volume, it

26.19

Mass, Ib 3
Velocity, fps 47.74
Transit Time, sec 1.91

[ 6] AAFANAM S71A4L71e] dhetrg

Reheater (171%9)

Steam Flow Rate, 1b/hr

4.376E+05

Number of Tubes

0

Heat Transfer Area, ft*

Tube Metal Volume, ft’

5

Tube Metal Mass, Ib

3152.44

Tube Side

Shell Side

Volume, ft

Mass, Ib

32.03

| RH-Outlef |
1000.4

Velocity, fps 274.66
Transit Time, sec 0.17
(£ 7] A3 deAe =4 8 2 2 779 Q- EFew
Power Graphite Fuel Salt Temp. [*F] Coolant Salt Temp. ['F] Steam Temp. ['F]
[%FP] | Temp. ['F1| Core-Inlet | Core—Outlet | THX Tnlet | THX-Outlet | SG-Outlet
Steady-State 99.9 1310.0 1150.8 1300.7 850.4 1050.3 1000.3




Power [%6FP]

5,110 19anQ Joeay

[ 8] WZ7]s A Alueee Al&deld 23
Loss of | Saturated Maximum Temperature [°F]
Flow Rate Power Graphit Fuel Salt |Coolant Salt Steam
raphite
[%1 [%FP] CoreOutlet| [HX-Outlet | SG-Outlet | RH-Outlet
Loss of 10 97.4 1308.6 12995 10555 1016.8 10145
Steam 30 90.8 1305.0 1296.5 1069.0 1055.0 1045.0
Flow 40 86.4 1302.6 1294.6 1077.9 1077.3 1061.7
Loss of 10 96.4 1308.0 1299.1 1060.7 996.7 997.3
Coolant 30 87.9 1303.4 1295.2 1086.0 986.5 985.5
Salt Flow 50 76.1 1296.9 1289.9 11197 968.8 958.0
Bypass of 10 9%.6 1308.2 1299.2 1060.1 9975 993.0
Coolant 30 88.4 1303.7 1295.5 1079.7 988.4 987.5
Salt Flow 50 76.6 1297.2 1290.1 1107.9 970.9 960.1
Loss of 10 97.0 1316.0 1306.7 1039.9 991.4 991.3
Fuel Salt 30 889 1331.5 13215 1011.1 966.7 966.1
Flow 50 755 1355.7 13435 963.5 925.9 924.4
T I4 a] T L T T T T T T T T 60
100 Norminal Power & Reacivly 0.0 1304 & Power [Fuel Loss] 50
- A Power [Coolant Loss]
o Ream [Fuel Loss] @ Power [Coolant Bypass] 40
"""" Reactiity [Coolant Loss] 209 g power [Steam Loss] 430
e Re@ctivity [Coolant Bypass] 5
954 -~~~ Reactivity [Steam Loss] 5040 - 1104 20
é % Nominal Power & Reator outlet DT 1%
- &5 100 0
90 -10x10° 5
Z % -10
O 91 o Dr[Fuel Loss] 420
W Power [Fuel Loss] A DT [Coolant Loss]
8- '#’,/ - - - Power [Coolant Loss] 4 -15x0° g0 O DT [Coolant Bypass] 0
v Power [Coolant Bypass] O DT [Steam Loss] 40
----- Power [Steam Loss]
704 -50
80 T T T T T '2-0’<104 T T T T T T -60
0 100 200 300 400 500 600 110 100 90 80 70 60 50 40
Time [sec] Mass Flow Rates [%)]
[2% 6] 30% F=F3tael gt &3 [Z1% 7] 30% F#HFkael digh Ao &=
WS- % W s} EAETRE
[ 9] A0 34 Alvelee] AlEgoeld A
Peak & Maximum Temperature [°F]
Reactivity e Peak &.Sat.
Insertion Sat. Power| Graphite Fuel Salt |Coolant Salt Steam
[%FP] | Temp. ['F] |Core-Outlet| IHX-Outlet | SG-Outlet | RH-Outlet
0.03 mk/sec |102.5 (100.2)|1312.3 (1311.5) 1303.2 1051.3 1001.2 1001.4
Ramp |0.15 mk/sec [113.6 (101.1)|1321.8 (1317.5) 1313.2 1055.7 1004.8 1005.1
Insertion | (.3 mk/sec |129.7 (102.4)|1333.6 (1325.0) 13259 1061.1 1009.3 1010.1
05 mi/sec |156.2 (104.0)[1349.4 (1335.0)| 13432 1068.6 10155 1016.4
003 mk |1025 (100.2)]1312.3 (1311.5)|  1303.2 1051.3 1001.2 1001.4
Step 015 mk |1136 (101.1)|1321.8 (13175)| 13132 1055.7 1004.8 1005.1
Insertion 0.3 mk 129.9 (102.4)|1333.6 (1325.0) 13259 1061.1 1009.3 1010.1
0.5 mk 157.0 (104.0)|1349.4 (1335.0) 1343.2 1068.6 10155 1016.4
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i Ramp Insertion
] 4
150 it —— Power [0.03mk/sec] 15040
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e Power [0.5mk/sec]
T 130 ; 130a0° B
¢ 3 y g
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n_ Z
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5 100 - L = 00 8
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"
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1804 m  Ramp Insertion [Sat-Power] 80
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