Transactions of the Korean Nuclear Society Autumn Meeting
Gyeongju, Korea, October 24-25, 2013

Thermal-Hydraulic Sensitivity of Intermediate Loop Parameters for Nuclear Hydrogen
System

Heung N. Lee ®, Jea Ho Park?, Jae Yong Oh*? Won Jae Lee”
®Nuclear Team,KONES Co., Dooroo Building 6F, 210-2, Yangjae-Dong, Seocho-Gu, Seoul, 137-893, Korea
®Korea Atomic Energy Research Institute, 989-111 Daedeok-daero, Yuseong-gu, Daejeon, 305-353, Koera
“Corresponding author: heungnlee@kones21.com

1. Introduction

The Very High Temperature gas-cooled Reactor
(VHTR) is one of the advanced Generation 1V (Gen-1V)
reactor concepts especially for application to nuclear
hydrogen production [1]. As shown in Fig. 1, the heat
generated from the VHTR system is transferred to
intermediate loop (red line, left in Fig. 1) through
Intermediate Heat Exchanger (IHX). The intermediate
loop transports VHTR heat to a Sulfur-lodine (SI)
hydrogen production system through Process Heat
Exchanger (PHX) (blue line, right in Fig. 1).

To alleviate safety interference between the reactor
and hydrogen production systems, certain level of safety
distance should be provided by the intermediate loop.
Since the intermediate loop performance affects overall
nuclear hydrogen system efficiency, it is required to
optimize its design and operating parameters. In this
study, thermal-hydraulic sensitivity of the intermediate
loop parameters with various coolant options has been
examined by using MARS-GCR code [2].
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Fig. 1. Simplified schematic diagram of nuclear
hydrogen production system.

2. Analysis Methods and Results

MARS-GCR code was used to model and analyze the
intermediate loop performance. As coolant options, the
helium (He), carbon dioxide (CO,), nitrogen (N,), and
He-N, and He-CO, gas mixtures were screened.
Operating and design parameters of the intermediate

loop were represented by reference boundary conditions.

Simulations were performed for the heat loss, pressure
drop and subsequent circulator work for a given safety
distance.

2.1 Operating Conditions of Intermediate Loop

As shown in Fig. 1, 950°C of hot helium from a 600
MWth VHTR returns to the reactor at 490°C after
transferring heat to the intermediate loop. Assuming
30°C of mean temperature difference across the 1HX
and PHX, the hot and cold side temperatures of the
intermediate loop are considered to be 920°C and 460°C.

Mass flow rates (W) of the intermediate loop are
determined by coolant thermal properties of each He, N,,
CO, and gas mixtures by using the relationship, Q =
W-C,-AT. Sensitivity parameters selected are the loop
operating pressure (30, 50 and 70 bars), the safety
distance (100, 200, 400 and 800 m) and the concentric
loop piping dimension which is shown in Fig. 2. Table 1
and Table 2 summarize the case studies performed in
this study.

Materials | Dia. (m)
Coolant
(Hot gas) 0.45120
In617 0.52740
Insulator
A (Kaowool) 0.54010
Coolant
v (Cold gas) 0.70375
SA508 0.84345
Insulator
(Kaowool) 0.85615

Fig. 2. Reference Concentric Intermediate Loop Piping -
hot gas (yellow), cold gas (blue), insulator (black).

Table 1. Reference cases for various coolants at 70 bar,

Coolant MW p G Y Mass flow
(g/moly | (kg/m®) [(kIkg-K)|[(C/CY)| (kals)
He 4.002 | 4.5429 | 5.1900 [1.6630| 251.32
CO, 44.01 | 50.370 | 1.1732 [1.2248| 1111.79
N, 28.01 | 31.256 | 1.1192 |1.3779| 1165.43
He-N,
(90:10) 6.404 | 7.2511 | 3.4045 |1.6131| 383.12
He-CO,
(20:80) 36.01 | 40.961 | 1.2550 |1.2504( 1039.32
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Table 2. Case Studies for various conditions.

Conditions

He, CO,, N,, He-N, mixture and

Coolant He-CO, mixture
Pressure 30, 50 and 70 bar
Safety Distance | 100, 200, 400 and 800 m

Reference dimension, 60 and 70% of

Pipe Diameter the reference

2.2 MARS-GCR Modeling of Intermediate Loop

Nodalization of the intermediate loop for MARS-
GCR analysis is shown in Fig. 3. Concentric loop piping
is modeled using PIPE component consisting of 20
hydrodynamic volumes. Hot coolant flows along the
inner side of concentric pipe, while cold coolant flows
along the outer annulus. Since the thermal performance
of the heat exchangers is predetermined, inlets and
outlets of the heat exchangers are modeled as source
and sink boundary conditions.
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Fig. 3. The MARS-GCR modeling of Intermediate Loop

To analyze environmental heat loss, heat conduction
and transfer across the inner and outer pipes are
modeled. Total loop pressure drop is calculated by
summing those in the loop piping and heat exchangers.
Pressure drop in the heat exchangers is estimated by
relation equation, AP = K-p-v%/2 [3].

Finally, the circulator work is calculated by following
equation [4];

1 P ¥
Wcir = _meTinlet (;_m) -1

cir in

where

W, : circulator work (MWth)

1.ir - efficiency of the circulator (0.85)

m : mass flow rate (kg/s)

C, : specific heat at constant pressure (J/kg-K)

Tinet : inlet temperature to the IHX

Pout and P, : outlet and inlet pressure of circulator

v : specific heat ratio (C,/C,)

2.3 Analysis Results

Environmental heat loss, pressure drop and circulator
work were analyzed for various operating conditions,
piping dimension and safety distances for each
candidate coolants, He, N,, CO, and gas mixtures of

He-CO, and He-N,. Environmental heat loss is
proportional to the safety distance and piping dimension,
however, it is estimated negligible.

It was found that the circulator work is the major
factor affecting on the overall hydrogen production
efficiency. Circulator work increases with the safety
distance, and decreases with operating pressure and
loop piping diameter. Fig. 4 shows the effect of coolant
selection on the circulator work for reference case. In
this result, coolant can be ranked in the order of CO,,
He, then He-CO, mixture and so on.
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Fig.4. Circulator works vs. pipe diameters for various
coolants at 70 bar and safety distances (100 m).

3. Conclusions

Sensitivity of the intermediate loop parameters has
been carried out on its thermal-hydraulic performance.
Design and operating parameters considered are the
diameter and safety distance of concentric loop piping
and the operating pressure. Considered coolants are He,
CO,, N,, gas mixtures of He-CO, and He-N..

It was found that the circulator work is the major
factor affecting on the overall nuclear hydrogen
production efficiency. Circulator work increases with
the safety distance, and decreases with the operating
pressure and loop piping diameter. In this result, coolant
can be ranked in the order of CO,, He, then He-CO,
mixture and so on for circulator work efficiency.

Sensitivity results obtained from this study will
contribute to optimization and finalization of the
intermediate loop design, operating conditions and the
coolant selection.
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