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PX : Asymmetric two-step thermosiphon for
the containment cooling of SMR
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? Single-step & Multi-step Thermosiphon

Single & Multi Step Thermosiphon AHME M= Hlu
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M. Balance Eqn. : f§1,2: ¢ Ap
E. Balance Eqn. : Q = mAh
O-loop : ngPo = g[(06+pb + - p5™) = (b+p5 + - p5)|By = g(Pd—p3)Dy
Single-step

Thermosiphon

X-loop :
Multi-step
Thermosiphon

Q0 =mo[Axohygo + AxGhygo + ++ AxBhrg o] = mig T Ax{ hyg o

prx = gl(pR—px) + (Px—px) + - (P3—px)]Ay = ng(pR—px) Ay

¥ Qk = mig[Axkhpg x + AxBhpg x + -+ AxFhyg x| = mix ¥ Axk heg x

Comparison of the circulation mass flow & heat transfer rate

Single-step thermosiphon Multi-step thermosiphon Ratio

Flow rate 2542 1/2 2542 1/2 iy
; ) p , p X .
m) Mo = ( 7 g(pé’—pg)Ay> Thy = ( 7 ng(p;‘?—p}()Ay> me
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Transfer Yol i
rate (¥ Q%) 0

it p,px = pgand pg,pR = py

Heat transfer & Circulation Mechanisms
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« Homogeneous & Equilibrium Model(HEM) Z=Z10f| A 7 AtSH A 4=
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) g] Ej Mass : M = Consant
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Momentum: ™ = 7 g(p® —p™Ay
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a '§n Energy :
L o
f‘u 5 o f.] 1. Set the total mass, heat transfer rate and pressure
g I i ~§ 2. Predict Mass flow
| T 3.  Solve Energy Equation
4. Cal. Quality from steam table
¢ - 5. Cal. Density from steam table
6.  Correct on the mass flow
O-Loop : X-Loop : 7.  Conform convergence of mass flow

Single step thermosiphon  Two-step thermosiphon

Loop pressure : 1 MPa i Total mass |Mass flow [Total energy ;’I'op region |Specific

tl(kg) (kg/s) (J) guality volume (m®/kg)
Heat transfer rate [O-100P_i| 1215023 0.199] 9.848E+08  0.500 0.006
200 kW X-loop i| 1220.094 0.198] 9.523E+08]: 0.250 0.003
(100 +100) Ratio | 1.004 0.998 0.967F 0501 0.498
Heat transfer rate [O-100p  i| 1189.466 0.200 9.656E+08§ 0.995 0.006
380 kW X-loop i 1190.054 0.197] 9.297E+08]i 0.504 0.003
(190+190) Ratio | 1000  0.987 0.963f 0507 0.500

‘= -y xolM Two-step B Single—stepoll H|5t0{ X E S 2 28], A2 1/2”




3 O-loop & X-loop &

n=2 , volume ratio : 1 (X-loop / O-loop)

1. The ratio of circulation flow rate = 2.0,

2. The ratio of max. heat transfer rate = 4.0
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3 O-loop & X-loop EHE E/4 H| 1

LEolgf A2 X
oeg_f:le "-L?:*OM 1. Total Volume : 7m3 (H X W : 24 m X 4 m)
(= =sHA.
2f =4 H| . M. 2. Heat Transfer Rate : 380 kW
1. Volume .
5 Heat transfer rate 3. Total. Mass : 1225 kg
3 Total mass 4. Specific Volume : 0.0057
4. Circulation mass flow
O loop X loop
Steam p-h diagram - 180 kW - 180 kW
180 kW Q- 180 kW 180 Rwo;ﬂ-1so KW
180 kW 180 kW 1

Pressure (MPa)

The ratios for X-loop / O-loop

1. Max. quality : 0.46/0.99
2. Pressure : 1.0/ 2.2 (MPa)

Enthalpy (kJ/kg)




4 O-loop & X-loop E+H of| M

* Realistic Code Simulation (MARS code Ver. 1.5)

1. 27|27 . 1.0 MPa, L2} 2tEf =
2. BA = 2 & %(@"é. &) =32 150 kW (Total 300kW)

O Loop




4 O-loop & X-loop olj4] A} H|ul

Pressure (Pa)

* Realistic Simulation Results

- S Z7| % FA =AM MAM3] 7HE/'HZF (Total 300kW)
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Pulsating Heat Pipe (PHP)
Experimental Result
(Micro Channel Flow)
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Experimental study of a closed loop flat plate pulsating heat pipe under a

varying gravity force
Int. J. Thermal Sciences 96 (2015) 23-34
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Pressure difference
between top and bottom (Pa)

X-loop Instability =25
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Class
1. Static instabilitics
1.1. Fundamental

(or pure) static
instabilitics

o

Fundamental
relaxation
instability

1.3. Compound
relaxation
instability

2. Dynamic instabilitics
2.1. Fundamental
(or pure)
dynamic
instabilities

2.2. Compound
dynamic
instabilities
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. Compound
dynamic
instability
as secondary
phenomena

Classification of fTow instability.

Mechanism

Characteristics

a ap

’ aap
3G Lint

8G ext

Flow undergoes sudden.
large amplitude excursion
to a new. stable operating
condition

. Flow pattern tran-
sition instability

. Bumping, geyscring,
or chugging

. Acoustic oscillations

Density wave
oscillations

. Thermal oscillations

™~

. BWR instability

Ineffective removal

of heat from heated
surface

Bubbly tlow has less
void but higher AP

than that of annular
flow

Periodic adjustment
of metastable condi-
tion, usually due 10
lack of nucleation
sites

Resonance of pressure
waves

Delay and feedback
effects in relationship
between flow rate,
density, and pressure
drop

Interaction of variable
heat transfer coefficient
with flow dynamics

Interaction of void re-
activity coupling with
flow dynamics and
heat transfer

Wall temperature excursion
and flow oscillation

Cyclic flow pattern transi-
tions and flow rate variations

Period process of super-heat
and violent evaporation
with possible expulsion and
refilling

High frequencies (10100
Hz) related to time required
for pressure wave propaga-
tion in system

Low trequencies (1 Hz) re-
lated to transit time of a
continuity wave

Occurs in film boiling

Strong only for a small
fuel time constant and
under low pressures

I 3. Parallel channel
I instability
I

Interaction among small
number of parallel
channels

Various modes of flow 1
redistribution 1

1. Pressure drop
oscillations

Tlow excursion initiates
dynamic interaction be-
tween channel and com-
pressible volume

Very low frequency
periodic process (0.1 Hz)

J.A. Boure, A.E.Bergles and L.S.Tong, Review of two-phase flow instability,
Nuclear Engineering and Design 25 (1973) 165-192




5 PX : Asymmetric Two-step Thermosiphon

1. X-loop%i| A{ 2] ’E§ Pulsation 81 &2| FE Q12 540 2 EE 9| Point Symmetric ¢t 7|51t EM4 O 2 0
2. Pulsation 34 HHS 2o & O 2 asymmetric loop 72 K| F
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5 0-loop & PX-loop 8i{A] Z 1} H|
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5 0-loop / PX-loop XIH =2t 5| M =5t

7.E+6
* Realistic Simulation Results 6.E+6
* Heat transfer rate range : 7SkW ~ 500 kW < OE*6
o
* O-loop max. heat transfer rate : 380 kW o AE+6 .\..\)/.n
* PX-loop max. heat transfer rate : > 500 kW % °
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. PX : Asymmetric Two-steps Thermosiphon

. Lower Steam Pressure & Temperature
° Internal RHRS

O-Loop

PX Loop
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1. ME2 78| XjH =2 S 27 : Multi-step thermosiphon
«  Two-step thc1m()81phon (X- lo op., PX-loop) O| & ¢+
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(&)

2. PX-loop:
+ SMR AEE7| 'EZ00f Hgf

=
- s NS A EHE Je

a5 | (PX-loop/O-loop) = 2 ~ 4
- Y EGHEXAS HAHH & Y

21 H| (PX-loop/O-loop) = 1/2 ~ 1/4
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Cold Tube Hot Tube

PX : Passive Infinite Cooling
(Asymmetric Two-step Thermosiphon)
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— Diesel generator, battery H|#
— Signal line M #
— EOP manual HA

— Human error ®M|AH

201, IS 23 W2 JHy £
1

Perfect Passive Drive Mechanism

v’ Use high potential thermal energy (LOCA A| 2 OJL{ X & F)
High Heat Transfer Mechanism

v’ Static Pool Heat Transfer -> Dynamic Flow Heat Transfer
XAl E= 2R =54 2R H G E

v B EE £ F HK
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PX Concept

No Human Error

No Emergency Power
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No Operator Decision / Action
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