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Abstract - Since the power density of the VHTR(Very High Temperature Reector) is lower, there is less
possihility of core melt. VHTR has no risk of exploson caused by hydrogen generaion when the loss
of coolant accident occurs, which is another advantage. Along with safety benefit, it can be used as a
process heat supplier near demand facilities because coolant temperature is very high enough to be used
for industrid purpose. In this pgper, we designed the primary system usng VHTR and the secondary system
providing eectricity and process heat. Based on that 350 MW thermd reactor proposed by NGNP(Next
Generation Nuclear Part), we developed conceptud modd thet the IHX(Intermediate Heat Exchanger) loop
trangports 300 MW thermd energy to the secondary system. In addition, we andyzed thermodynamic
behavior and performed the efficiency analyss and optimization study depending on mgor parameters.

Key wards : VHTR(Very High Temperature Reactor), Process heat, Hydrogen production, Electricity pro-
duction, IHX(Intermediate Heat Exchanger) loop
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Fig. 1. SC-MHR cogeneration Process of NGNP [3]
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Table 1. Steam Generator inlet and exhaust condition(case
of no hydrogen production) [4]
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Table 2. Steam Generator inlet and exhaust condition(case
of hydrogen production) [4]

Inlet conditions
Temperature  Pressure Enthalpy Flow
(°O) (kPa) (kJkg) (kg/hr)
AEM 193.3 20,684.3 831.3 469,785.7
RCM 193.3 20,684.3 8315 469,785.7
TBM 1933 18,762.7 830.6 345,505.9
Outlet conditions
Temperature  Pressure Enthalpy Flow
(°O) (kPa) (kJkg) (kg/hr)
AEM 585.0 16,499.2 35302  469,785.7
RCM 585.0 16,499.2 3530.2  469,785.7
TBM 585.0 16,499.2 3530.2 3455059

NGNPoJ| 4] #|¢kat SC-MHR(Steam Cycle - Modular
Helium-cooled Reactor) 71/ W3 WA T2 AE
Hojz1 gtk SC-MHR2] ZQ71%2 NI(Nuclear
Island)2} ECA(Energy Conversion Area) 2 GLE&+=
ol, 4 71E8] 4R §oj5 ZE3ItHE NIE
LA, ECAE oxHAls o2 HE5 4 Utk Ni=
ARG o F71E AL, olF ECAY Algsh=
Ak gtk ECAOA= F7] ol|A1Y d77t
guloA dgog Hetech 19 Yl 255}
A7) A4t Qo AMEAPE Hagt oo S oY
o7 IAAE AA FALEE AFshe k(3]

o|e} o] ECA: &4 HAo| wet 2 7] mE
2 FE=Eh All-Electricd Mode(AEM)ojjA= gAY
ARES BA 0 7 71s-E ok Rated Cogeneration Mode
(RCM)©] 70 7] k0] 60% 7128 BAHLR AME:
Bk 29 Rl Beold A Wk fge] dns
SHERE ARESHH, ol Fug] 9 @Y7|E olF
Sk Aol =7} B A Eo. Turbine Bypass
Model(TBM) 9] 9+= ERIC R 7= F2&5 AT
S8 RE S FHERE ARSI Hr Table 1
T 4k Ae- 7719 e 20
ehd Zlojck

T NI Zofl4 50 MW d&
ARERITHH, ECA Zollxl= ol %
2 o ¢ Sloh & S71EA71Y s
= fFAEoof stu g, fi&
Aersto] AR 77| e =1

o
H

—

al

2

ol gl=

Inlet conditions
Temperature  Pressure Enthalpy Flow
0 (kPa) (kJkg) (kg/hr)
AEM 193.3 20684.3 3574 402,673.5
RCM 193.3 20684.3 357.5 402,673.5
Outlet conditions
Temperature  Pressure Enthalpy Flow
(°O) (kPa) (kJkg) (kg/hr)
AEM 585.0 16,499.2 3530.2 4026735
RCM 585.0 16,499.2 3530.2 4026735
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Fig. 2. Hydrogen production and Brayton cycle concept of NGNP [5]
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Table 3. Results of simple IHX loop modeling
T P h m
1 950 7000 4822 416217
2 4454 6900 2203 416217
4 450 7000 2227 416217
5 750 7000 3784 469959
6 300 6900 1449 469959
7 303 7000 1465 469959
8 585 16500 3528 328124
9 384.8 4600 3166 328124
10 39.01 7 2154 328124
11 39.01 7 163.4 328124
12 39.99 18000 183.3 328124
T : Temperature(C), P : Pressure(kPa)
h : Enthapy(kJkg), m : Flow(kg/hr)
Table 4. Efficiency analysis of simple IHX loop model
(15 Jféi% = 2%
(B 5 2 L
Net &8 39 %
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T P h m
1 950 7000 4822 416217
2 4454 6900 2203 416217
4 450 7000 2227 416217
5 750 7000 3784 469959
6 300 6900 1449 469959
7 585 16500 3526.9 400274
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T : Temperature('C), P : Pressure(kPa)
h : Enthapy(kJkg), m : Flow(kg/hr)
Table 6. Power and Efficiency before installation of the feedwater heater
Tt
A2 A A7) %
=8 (MW) 121.648 126.731
Gross A& 0.40549 0.42244
Net &8& 0.39390 0.40882
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