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ABSTRACT

Digital Twin(DT) technology, which digitally replicates physical systems for simulation, offers significant potential in
optimizing complex systems like nuclear power plants. Maintaining accurate real-time temperature control in the main control
room (MCR) is critical, but traditional sensors face limitations. This study develops a real-time thermal flow analysis using
CFD-based Reduced Order Modeling (ROM) to address these challenges. A virtual MCR and HVAC system were constructed,
followed by 3D CFD analysis under various conditions to generate and validate the ROM. The ROM demonstrated near-instant
analysis times, enabling real-time thermal distribution monitoring. Future integration of this ROM with MCR HVAC systems

is expected to enhance temperature control precision and efficiency, with potential applications across various industries.
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Fig. 2 Virtual main control room (MCR)
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Fig. 3 CFD fluid model and mesh system
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Table 1 Design values and various operating conditions (CFD analysis cases)

No. of Selected No. .Of
Operating Combined
Unit Design Range Conditions Op.eratmg
[EA] Conditions for
CFD [EA]
. Flow rate [CMH] 24,650 20,732 ~24,650 2
Supply Diffuser -
Temperature [ 20 10.0~30.0 9
Return/Exhaust Grille Flow rate [CMH] 24,650 20,732 ~24,650 2
Floor [kW] 5.1 Fixed 1
East [kW] 0.9 Fixed 1
Wall West [kW] 6.5 Fixed 1
(Transmission) South [kW] 0.3 Fixed 1
North kW] 02 Fixed 1 96
Ceiling [kW] 6.7 Fixed 1
Heat Load 24.7 kW ~42.7 kW
I Equip. k 2 ) )
Hsl &C Equip kWl 30 (82 %~ 141 %) 7
(Heat Load 1) Elect. Load [kW] 33 Fixed 1
Operator [kW] 0.6 Fixed 1
Hs2
Add. H 0 0.0 kW~20.0k 3
(Heat Load II) dd. Heat [icW] W W
SUM 534 47.9 kW~85.9 kW - -
Table 2 Represented CFD analysis cases
Supply Diffuser Heat Load Total
Hs2
Hs1 (Heat Load I
Case Flow rate Temp. ¢ ) (Heat Load IT)
Wall 1&C Equip. | Elect. Load Operator Add. Heat
[CMH] (K] [kW] [kW] [kW] [kW] [kW] [kW]
19.3 30.2 33 0.6
01 24,650 303.15 0 53.4
534
193 2 | 33 | o0
06 24,650 290.65 0 53.4
534
193 02 | 33| 0.6
52 20,732 295.65 34 0 53.4
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Fig. 9 Comparison of temperature distribution (left: CFD, right: ROM)
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S=ERHMDIHSE =28 27, MeS, 2024

39



b

g - 45

H0|'

A0t .

FF>
b

=

Table 3 Comparison of CFD and ROM results at 96 monitoring points

ROM Difference
Case No. Result Category CFD (A) (Twin Deployer) at Monitoring
B) Points (A-B)
) Average 0.542 0.567 -0.025
Static Minimum 0219 0216 0.108
Pressure [Pa]
Maximum 0.818 0.892 0.052
Average 298.0 296.7 1.313
Case 06 Teml[’g]amre Minimum 294.1 2942 15
Maximum 3159 304.7 17.7
Average 0.176 0.269 -0.093
Velocity -
Magnitude [m/s] Minimum 0.013 0.053 -0.419
Maximum 0.457 0.641 0.069
‘ Average -0.108 -0.030 -0.078
Static Minimum -0.529 -0.468 -0.136
Pressure [Pa]
Maximum 0.392 0.473 -0.030
Average 304.1 302.8 1.254
Case 52 Temperature [K] Minimum 299.9 300.6 -0.8
Maximum 3224 310.7 18.2
Average 0.183 0.248 -0.065
Velocity Magnitude [m/s] Minimum 0.010 0.056 -0.447
Maximum 0473 0.650 0.176
Table 4 Comparison of CFD and ROM results
Resul ROM Difference
Case No. esut Location CFD (A) . 0
Category (Twin Deployer) (B) (A-B) (A-BY/A*100 [%]
Outlet 101,325 101,325 0.102 0.0
Absolute Pressure [Pa] -
All domain 101,326 101,326 -0.115 0.0
Outlet 298.5 297.0 1.5 0.5
Case 06 Temperature [K]
All domain 295.9 298.0 -2.1 -0.7
) ) Outlet 0.901 0.876 0.025 2.8
Velocity Magnitude [m/s]
All domain 0.237 0.237 0.000 0.1
Outlet 101,325 101,325 0.041 0.0
Absolute Pressure [Pa] -
All domain 101,325 101,325 0.051 0.0
Outlet 304.1 303.2 0.8 0.3
Case 52 Temperature [K] -
All domain 301.8 304.0 22 -0.7
Outlet 0.732 0.706 0.027 3.6
Velocity Magnitude [m/s] -
All domain 0.231 0.232 0.000 -0.2
MCRO] &7 252 Uehir}, 2% 7] L5/ 271 Aow Uehi,
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