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SUMMARY

I . Project Title

Heat transfer characteristic test of SMART steam generator and

condensation heat exchanger
II. Objective and Importance of the Project

The heat transfer characteristics of steam generator and PRHRS
condensation heat exchanger are the key parts of SMART's overall
performances and safety. Thus It is required to do experiments on verification
and development of analytical ways of the project’s heat transfer
performances and safety.

It is necessary to develop our middle and small size nuclear power
generation model in order to meet the global demands for middle and small
size atomic power station. Therefore, verifying and developing the analytical
methods of SMART's performances and safety are essential for verifying our
basic technology.

Nuclear power is proposed a solution to greenhouse problem and more and
more used. For these reason, it is required to verify SMART technology of

Korea.
IM. Scope and Contents of Project

Research as below are performed in this study.

First, steam generator models of TASS/SMR (Transient And Setpoint
Simulation/System integrated Modular Reactor) codes analysing performances
and safety of SMART are evaluated and verified and new correlation is
developed by doing research about SMART steam generator’s first part.
Second, steam generator models of TASS/SMR codes are verified and
evaluated by doing research about SMART steam generator’'s second part.
Third, Passive Residual Heat Removal System, PRHRS condensation heat



exchanger models of TASS/SMR codes are evaluated and verified and new
correlation is developed by doing research about a PRHRS condensation heat

exchanger.

IV. Result of Project

PRHRS condensation heat exchanger’'s experimental apparatus was
designed a single tube which has same mass flux and length with real
design. The final result of experiment is condensation heat transfer
coefficient. Cooling water’s temperature, tube’s wall temperature, condensate’s
temperature inside a tube, and temperature, pressure inlet and outlet position
of test section are measured in order to acquire the local heat transfer
coefficients. Annular test section was designed for shell of PRHRS
condensation heat exchanger and the hydraulic diameter of shell was
calculated based on heat pipe’s pitch in order to consider the interference of
tube bundle.

The first part of steam generator test’s experimental apparatus has same
mass flux with real design. Fluid's temperature inside a helical coil, helical
coil’s outer wall temperature, fluid’'s temperature inside a shell and etc. are
measured in order to calculate the condensation heat transfer coefficient, and
local heat transfer coefficients were also calculated.

Uncertainty analysis was performed for the PRHRS heat exchanger and
the first part of steam generator test. Uncertainty of each heat transfer
coefficient is calculated, and it was acceptable level.

Finally, the each component of major steam loops was designed in detail
and it can supply and circulate steam. Cooling water loop which condense the

steam was also designed in detail.

V. Proposal for Applications

A correlation about the first part’s heat transfer characteristic at
emergency(LOCA) is made by experimenting on two-phase condensation heat
transfer of SMART steam generator’s first part and it will be able to apply

external condensation systems. Previous correlations about steam generator’'s



second part are quantitatively evaluated by single and two-phase boiling heat
transfer experiments on the second part and they will be able to apply boiling
system in helical coil tubes. Present correlations are also quantitatively
evaluated by internal condensation experiments on PRHRS condensation heat
exchanger and it can be widely used internal condensation at power plant,
refrigeration and air conditioning systems. Finally, phenomena are understood
and a correlation applying real world is made by PRHRS condensation heat
exchanger’'s internal pool boiling experiments, and it is expected that the

correlation can apply similar systems.
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3.1 SMART PRHRS +8 AAA=R

PRy

el Straight tube

AA e, ke/s 2.0
Adad A4 Inconel 600
AL W7d/€4, mm 15.80/21.34

Ay 94, mm 32

HAdd o], m 15

AL AT 300

22.3 (AH/38H Header & A|9))

SG F¢lA PRHRS

3
H/X 9744 =0] m 100
F A4, m’ 200
A AH, m’ 183
49, m 55
ECT <2, MPa 0.1
ECT #4 &%, C 30
B %o m 6.0
B3 74, mm 1,400
B AF, m’ 5.4
B3 Eol m 35
9] 35
A AA m 54
4 <49, MPa 5.2
FH 2= T 30
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PID controller
[ 10

Flow rate control valve{Automatic) J—I—i e
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é Level gauge _ i

Differential pressure
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