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The high-flux advanced neutron application reactor (HANARO) is a research reactor with thermal power of 30 MW applied in various re-
search and development using neutrons generated from uranium fission chain reaction. A degasifier tank is installed in the ancillary facility
of HANARO. This facility generates gas pollutants produced owing to internal environmental factors. The degasifier tank is designed to
maintain the gas contaminants below acceptable levels and is monitored using an analyzer in the gas sampling panel. If condensate water
is generated and flows into the analyzer of the gas sampling panel, corrosion occurs inside the analyzer's measurement chamber, which
causes failure. Condensate water is generated because of the temperature difference between the degasifier tank and analyzer when the gas
flows into the analyzer. A heating system is installed between the degasifier tank and gas sampling panel to suppress condensate water gen-
eration and effectively remove the condensate water inside the system. In this study, we investigated the efficiency of the heating system.
In addition, the variations in the pipe temperature and the amount of average condensate water were modeled using a wall condensation

model based on the changes in the fluid inlet temperature, outside air temperature, and heating cable-setting temperature.

Keywords: HANARO (high-flux advanced neutron application reactor), Condensate water, CFD (computational fluid
dynamics), Wall condensation model, Heating system
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Total length of reciprocating piping
from analyzer to degasifier tank: 16.9 m

Gas sampling panel
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Fig. 1. Schematic diagram of between degasifier and gas sampling panel.
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Fig. 2. llustration of simplifications done in the Wall Condensation

Model [6,7].
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Table 1. Numerical grids properties

Mesh 1 Mesh 2 Mesh 3 Mesh 4
Number of nodes 2292036 1688120 2995680 4272464
Number of 7352836 1517614 2810984 4032730
elements
Avg. y* (Fluid) 0.03 0.03 0.001 0.0009
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Fluid inlet

Fig. 3. The modeled pipe used between degasifier tank and
gas sampling panel.

Table 2. Main parameters of the instrument and fluid

Main Parameter Value
Air molecular weight (g'mol™) 28.966
Gas constant (atm'L-mol""K™) 0.0820578
Pipe inlet temp. (C) 40, 50, 60
Outside air temp. (C) 30, 35, 40

40, 50, 60, 70, 100
1.069

Heating cable temp. ()
Degasifier tank internal pressure (atm)
Gas flow rate (SCFH) 3(2.0388 mm*d)

Flow velocity (m-s™) 0.1159

Table 3. Mass fraction according to the inlet temperature of the pipe
(Relative Humidity 100%)

Saturated

Pipe Air density water vanor H,0 Mass
inlet temp. (C) (at 1.069 atm, g'm™) (at 1.069 atmp gm?) fraction
40 1205.6 51.1 0.041
50 1168.27 82.8 0.066
60 1133.19 130 0.103
S 54 AAwlG. 2,y HHelA 3 WA AR

AeE P2 ek Zolek. 919 FHelA 7hg 7
7he- WA 9] Al 7k AXE 7k AR MR R
R A7 Azt Wl A7 B Rola, y7t Aoy
7} oA AN R WA A7 A7t FokAA =
= A2 evlg
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Fig. 4. Boundary condition of pipe heating cable application and
no pipe heating cable.
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Fig. 5. Distribution of the amount of condensate water at the pipe
boundary (Inlet temp. 50C, Outside air temp. 40TC).
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Fig. 6. Distribution of the amount of condensate water at the pipe
boundary (Inlet temp. 40C, Outside air temp. 40TC).

Table 4. Amount of average condensate water according to the change of
the outside air temperature and inlet temperature of the pipe

H,O0 ave. condensate water (kg'm>-d")

Pipe

inlet temp. (') Outside air temp. (C)

30 35 40
60 3.50 3.16 2.71
50 1.94 1.56 1.07
40 0.79 0.39 0

5 W-m2K'e] 2}o]= EA] gukdl =Fo 7 AE) =
o, A 2AE 4

(1. 3|YA ol &S Xﬁﬂ 7} o}
3k a2 gk o] f= AAIA
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g 400 | = Inlettemp-60c
g 350 350 = Inlet temp. 50C
i ’ 3.16 = Inlet temp. 40C
3 300 f ————7"

u F

g 3 250
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Fig. 7. Amount of average condensate water according to the change of
the outside air temperature and inlet temperature of the pipe.
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Fig. 8. (a) Amount of average condensate water and (b) Pipe minimum temperature: Analysis value according to the change of the heating cable setting
temperature of the pipe at the fluid inlet temperature 60C.

Table 5. Amount of average condensate water and minimum pipe
temperature according to the heating cable setting temperature change of
the pipe (Inlet temp. 60C)

Inlet temp.: 60°C, Gas flow rate: 3 SCFH

Heat.ing cable Outside air temp. Ave. condensate  Pipe minimum

setting temp. () Wafr : temp.
() (kg-m-d) ()
100 30 0 93
70 30 0 68.2
60 30 0 59
50 30 1.37 49.4
40 30 2.62 39.7
100 35 0 93
70 35 0 68.2
60 35 0 59.1
50 35 1.61 49.4
40 35 2.85 39.4
100 40 0 93
70 40 0 68.2
60 40 0 59.3
50 40 1.42 49.5
40 40 2.60 40
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Fig. 9. (a) Amount of average condensate water and (b) Pipe minimum temperature: Analysis value according to the change of the heating cable setting
temperature of the pipe at the fluid inlet temperature 50C.
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Fig. 10. (a) Amount of average condensate water and (b) Pipe minimum temperature: Analysis value according to the change of the heating cable
setting temperature of the pipe at the fluid inlet temperature 40C.

Table 7. Amount of average condensate water and minimum pipe tem-
perature according to the heating cable setting temperature change of the
pipe (Inlet temp. 40C)

Inlet temp.: 40°C, Gas flow rate: 3 SCFH

Heating cable Outside air ~ Ave. condensate  Pipe minimum

setting temp. temp. water temp.
() () (kg'm*d) ()
100 30 0 88.7
70 30 0 04.4
60 30 0 56.3
50 30 0 48.1
40 30 0 39.6
100 35 0 88.7
70 35 0 64.4
60 35 0 56.3
50 35 0 48.1
40 35 0 39.8
100 40 0 88.7
70 40 0 64.4
60 40 0 56.3
50 40 0 48.1
40 40 0 40
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lkg's'm?]

Fig. 11. Condensate water at the pipe boundary and temperature
distribution in the pipe (Inlet temp. 60, Outside air temp. 35T, and
Heating cable setting temp. 40°C): Amount of average condensate water
(2.85 kgrm>-d™).

8.366x10*
-9.760x10*
-1.115x10°3
-1.255x10°
-1.394x103

— T

Fig. 12. Condensate water at the pipe boundary and temperature
distribution in the pipe (Inlet temp. 50C, Outside air temp. 35¢C, and
Heating cable setting temp. 40C ): Amount of average condensate water
(1.06 kg-m-d™).
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