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1. Introduction 
 

Nuclear hydrogen production facilities consist of a 
very high temperature gas-cooled nuclear reactor 
(VHTR) system, intermediate heat exchanger (IHX) 
system, and a sulfur-iodine (SI) thermochemical 
process [1, 2]. This study focuses on the coupling 
system between the IHX system and SI thermochemical 
process. To prevent the propagation of the thermal 
disturbance owing to the abnormal operation of the SI 
process components from the IHX system to the VHTR 
system, a helium cooling system for the secondary 
helium of the IHX is required [3]. In this paper, the 
helium cooling system has been studied. The 
temperature fluctuation of the secondary helium owing 
to the abnormal operation of the SI process was then 
calculated based on the proposed coupling system 
model. Finally, the preliminary conceptual design of the 
helium cooling system with a steam generator and 
forced-draft air-cooled heat exchanger to mitigate the 
thermal disturbance has been carried out. 
 

2. Method and Results 
 

2.1 Description of the IHX-SI coupling system  
The KAERI-SI flowsheet using precipitation, 

electrodialysis, and membrane separation was 
introduced in 2012 [2].  

Based on the recommended IHX secondary helium 
pathway, the conceptual flow diagram of the IHX-
KAERI SI coupling system can be established as shown 
in Fig. 1. 

 
Fig. 1. Conceptual flow diagram of the IHX-KAERI 

SI coupling system. 
 

The IHX-KAERI SI coupling system consists of the 
IHX, helium cooling system, helium circulator, and SI 
process components such as SO3 and H2SO4 
decomposers, H2SO4 vaporizer, and HI decomposer 

including a HI pre-heater (HE301). The helium cooling 
system will only be operated under abnormal operation 
of the IHX-SI coupling system. Under normal operation, 
the secondary helium discharged from the IHX provides 
heat to the process components in a regular sequence, 
and the cooled helium passing through He12 is 
compressed by the helium circulator and recycled to the 
IHX for reheating. In Fig. 1, there are two temperature 
measuring elements (TME1 and TME2) and two 
comparators (C1 and C2) to inspect the operating status 
of the IHX-KAERI SI coupling system. If any abnormal 
operation condition is observed from the temperature 
and pressure indicators, the proper helium path is led by 
the actuating valves (V1 through V6). 
Table 1 shows the steady state operation condition of 
the IHX-KAERI SI coupling system with a hydrogen 
production rate of 60 mol/s. The amount of thermal load 
at each SI component in Fig. 1 is shown in Table 2. 
 
Table 1. Steady state operation condition of the IHX-
KAERI SI coupling system 
Line No. in 

Fig. 1 
Stream Information Temperature 

(oC) 
Pressure 

(bar) 
He01 Pure helium 910.0 40 
He11 Pure helium 450.0 40 
205 90 mol% of sulfuric acid B.P. 7.09 
207 H2SO4 decomposer outlet 750.0 7.09 
208 SO3 decomposer outlet 850.0 7.09 
307 H2O/HI/I2 mixed vapor 274.4 40 
308 - 450.0 39.5 
309 - 450.0 39.5 

315A HI decomposer outlet 450.0 38 

 
Table 2. Amount of thermal load at each SI component 
on the basis of 60 H2·mol/s  

Components  
 

Sensible Heat 
(kJ/s) 

Latent Heat 
(kJ/s) 

Heat of Reaction 
(kJ/s) 

Total Heat 
(kJ/s) 

H2SO4 
Vaporizer 

2,925.8 6,425.7 3,284.8 12,636.3 

H2SO4 
Decomposer 

3,876.7 - 4,868.4 8,745.1 

SO3 
Decomposer 

1,134.3 - 5,619.5 6,753.8 

Heat Exchanger 
(HE301) 

3,034.7 - - 3,034.7 

HI 
Decomposer 

- - 763.5 763.5 

Subtotal Heat 
(kJ/s) 

10,971.5 9,710.5 11,251.4 31,933.4 

 
2.2 Transfer function and response curves 
    To analyze the thermal fluctuation behaviors of the 
IHX-KAERI SI coupling system, the transfer function 
of the IHX-KAERI SI coupling system was derived. 
Based on the conceptual flow diagram of the IHX-
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KAERI SI coupling system shown in Fig. 1, the first 
order heat balance on the helium flow gives 
Cp,HemHe(TTME1 - TTME2) - ΣQi = ΣViρHeCp,He dTTME2/dt          (1) 
And the transfer function G(s) can then be obtained as 
follows. 
G(s) = △TTME2(s)/△Q(s) = A/(τs+1)                                       (2) 
A = 1/(Cp,HemHe)                                                                      (3) 
τ = ΣViρHe/mHe                                                                        (4)  
The forcing function △Q(s) in Eq. (2) is a step change 
owing to the closing of the valve resulting from the SI 
component failure. 

  Prior to evaluating the response curve using Eq. (2), 
the possible malfunction scenarios of the IHX-KAERI 
SI coupling system owing to a serious defect in SI 
components such as the component destruction 
including a crack or pinhole on the partition wall 
between helium and process stream paths have been 
considered: 1) defect of SO3 and/or H2SO4 decomposers, 
2) defect of H2SO4 vaporizer, and 3) defect of HI 
preheater and/or decomposer. 

In each accident case, the helium path is determined 
by the on/off actuation of valves V1-V4.  

Fig. 2 shows the dynamic response curves of helium 
temperature predicted at TME 2 in each accident case.  

 
Fig. 2. Dynamic response curves of helium temperature 
predicted at TME 2. 
 
2.3 Conceptual design of helium cooling system 
   In this study, the conceptual design of a helium 
cooling system was carried out according to the JAEA’s 
methodology presented in 2006 [4]. The helium cooling 
system is composed of a steam generator and forced-
draft air-cooled heat exchanger, as shown in Fig. 3.  

 
Fig. 3. Conceptual flow diagram of the helium cooling 
system. 

3. Conclusions 
 

A conceptual flow diagram of a helium cooling 
system between the IHX and SI thermochemical 
processes in VHTR-based SI hydrogen production 
facilities has been proposed. A helium cooling system 
for the secondary helium of the IHX in this flow 
diagram prevents the propagation of the thermal 
disturbance from the IHX system to the VHTR system, 
owing to the abnormal operation of the SI process 
components. 

As a result of a dynamic simulation to anticipate the 
fluctuations of the secondary helium temperature owing 
to the abnormal operation of the SI process components 
with a hydrogen production rate of 60 mol·H2/s, it is 
recommended that the maximum helium cooling 
capacity to recover the normal operation temperature of 
450 oC is 31,933.4 kJ/s.  

To satisfy this helium cooling capacity, a U-type 
steam generator, which has a heat transfer area of 12 m2, 
and a forced-draft air-cooled condenser, which has a 
heat transfer area of 12,388.67 m2, are required for the 
secondary helium cooling system.   
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