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Nomenclatures

=

O @

:

n

g

Re
Pr
Eo

2
JE

(Pressure) [Pa]
(Quality) [—]
7} % (Gravitional accerlation) [m-s™2]

HH Y& A& (Diameter of the tube) [m]

oo X
of &

e
of
ofk

45 (Velocity) [m/s]

H]4 (Specific heat) [J-kg=!-K™1]
_]

e

A elz} (Correlation factor) [—]

o

o] Y4 ®wrx]E (Inner radius of the tube) [m]

o] 9JF HkA]E (Outer radius of the tube) [m]

r
O

r

fo

%= (Temperature) [K]
_]

AEASG (Heat transfer coefficient) [W-m™2-K™1]

g’

ch
ety] (Enthalpy) [J-kg™']

dHA%ES (Thermal conductivity) [W-m™1K™1]

(o 4

>~1

w2 Aol 4ol (Interface length of the concaved surface)
[m]

33 UF @d 34 (Cross—sectional area) [m?]

A el o] (Length of the interface) [ml]

n}#& A4 (Friction factor) [—]

Reynolds number [—]

Prandtl number [—]
Eotvos number [—]

Froude number [—]
Morton number [—]
A Z 19 P (Base of the natural logarithm)

A DE (Heat transfer rate) [W]
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<4 (Latent heat) [J-kg™!]
Ak Wol 715 #8474 (Hydraulic diameter of the liquid
phase) [m]

X2 7§ (Number of samples)

Greek symbols

p U % (Density) [kg-m™3]

U A% (Viscosity) [Pa-s]

o ¥ %2 (Surface tension) [N-m™]

a 713% 48 (Void fraction) [—]

B #¢] 7]27] (Inclination angle of the tube) [radians]

0, HA s AW 7|+ A58 25 (Stratified angle for the flat
surface) [radians]

0, ol AW 7|+ AF53 2% (Stratified angle with the
concaved surface) [radians]

0, d38d o2 7149 Aol o]F+= ZI% (Concaved angle)
[radians]

Oy AEHl 2% (Heat partition angle) [radians]

m A& (p) [-]

T A58 (Shear stress) [Pal

€] A H3 AAF (Absolute average deviation) [%]

Subscripts
g 714 (gas)

MA (liquid)

1A —N A AE (gas—liquid interface)
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wg

wl

wi

wo

upper
lower
sat
crit
s
pred

exp

714 -2 AH (gas—wall interface)
A—2 A (liquid—wall interface)
3 (wall)

r

e -
o

o,

r

=
Wi ¥d (Inner surface of the tube)
IR

H (Outer surface of the tube)

oX,
incs
N

Constant pressure)

o,
)

AL (Upper part of the tube)

T
o,

3t (Lower part of the tube)
23} e (Saturation)

AA AH (Critical state)

714 7 ®.7] (vapor superficial)

o 5%k (Prediction)

Ae =743k (Experiment)

r

v
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Assessment of the condensation heat transfer model in horizontal

tubes on SPACE code for PAFS of iSMR

Jin Gy Baek

Mechanical Design Engineering,
The Graduate School,

Pukyong National University

Abstract

The small modular reactor is a new multi—purposed nuclear reactor
concept that miniaturizes existing reactors into a single container. One
of the small modular reactors is the iSMR, which is under development
in Korea. The safety verification of the new reactor design is crucial
for nuclear power plant permission. SPACE (Safety and Performance
Analysis Code for Nuclear Power Plants) is one of the nuclear safety
analysis codes that can simulate various phenomena when the reactor
runs. Before running the design of the iSMR through the code, A decent
verification for thermal and hydraulic prediction models in the code is
necessary.

In this study, the simplified parts of the horizontal in—tube
condensation heat transfer model existing in the SPACE code were
modified, and un—simplified models were implemented into the code
based on previous research. The condensation models in the SPACE
code were verified using experimental data from Purdue—PCCS and
PICON tests, which examined steam condensation at low steam flow

X11



and pressure. Another validation for the PASCAL experiment, which
tested steam condensation at high steam flow and pressure, was also
conducted to validate various experimental ranges. The calculation
result showed the prediction performance of each condensation heat

transfer model.
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(a) annular (b) stratified-wavy
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Case Number Mass flow (g/s) Pressure (kPa)
1 11.50 100
2 11.50 200
3 23.00 200
4 11.50 400
5 34.00 400
6 46.00 400

Table 3.1.1 Purdue—PCCS A8 HAZAA Ao~ E7
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3.1.2 Purdue—PCCS A% AFAA A3
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400 kPa, 34.00 g/s
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Case Number Mass flow (g/s) Pressure (kPa)
1 18.88 100
2 25.17 100
3 37.74 100
4 25.19 300
5 37.64 300
6 62.45 300
7 37.68 500
8 62.15 500

Table 3.2.1 PICON A& AZAA Alol~ F5F

33
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Figure 3.3.7 PASCAL A5 A4} Case 1 (200 kW) & FH FF/3HF 54 ALAT o
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