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INTRODUCTION

Following postulated events of a LOCA, the

Passive Containment Cooling System

(PCCS) uses dry air to transfer the residual

heat by natural circulation. The air flow path,

designed between the steel reactor

containment hot shell and the concrete shield

building, creates an open thermosyphon. The

purpose of this inherently safe process is to

assure the long term steady-state cooling of

the nuclear core after an emergency

shutdown.

The schematic draw of the PCCS is shown in

Fig.l. The external cold air is introduced

through special designed shutters, located in

the upper level of the concrete shield

building. Cooling the hot steel containment

generates an upward air flow due the

buoyancy forces and consequently the

reduction of the static pressure. In order to

maintain an open thermosyphon, the cold air

drawn downwards by the pressure gradient

should overcome the friction forces along the

flow path.

Motivated to evaluate the feasibility of this

passive cooling process and identify its

parametric trends, an ongoing research

program is carried on in the Laboratory of

Thermohydraulics at NRC-Negev'1'21.

Fig.2

ure 1: Schematics of the test section.

Based on a previous integral calculation

procedure'31, the present work delineate a

comprehensive model to calculate mass and

heat transfer parameters in the PCCS process

such as: pressure drop, air mass flowrate, hot

surface temperature and convective heat

transfer coefficient as a function of the

system configuration. Database and order of

magnitudes were taken from the official

Westinghouse PCCS Integral Test141.
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ANALYSIS

Assuming that a positive flow is created as

the buoyant forces overcome the friction

forces (Fig.l), a complex heat transfer

process is established. The heat transfer

process from the inner surface to the

surroundings is depicted by an electrical

network analogy in Fig. 2.
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Figure 2: Heat Transfer mechanisms in PCCS.

The heat transfer balances are:

- from the hot outer surface: q,- qcl - q, = 0 [1]

- in the hot air(Chn. 1 ,Fig. 1): q a - %, - q, = 0 [2]

- in the insulating baffle: qsi - Rri - Qs = 0 P]

- from the insulating baffle: q$ - q^ - q,2 = 0 [4]

-inthecoldair(Chn.2,Fig.l): qs2-qc2-i2=0 [5]

- to the cold surface: q,.2- q^ = 0 [6]

where:

q.=

q c , =

[7]

[8]

[9]

[]/* + (l-e)/e fy

q, =
dx

ln(dsl/ds2)
(Ts,-TS2)

no dS2

q2 =

(Tt.-Ts,) [10]

[11]

[12]

[13]

[14]

[15]

[16]

By substituting Eqs.[74-16] into Eqs.[R6], and

assuming an arbitrary mass flowrate, it is

possible to use a predictor-corrector numerical

technique and calculate the axial temperature

profile: along the hot and cold surfaces (Tw,,Tw2),

the insulating baffle (TS,,TS2), and the air in both

the hot and the cold channelsfT,,^). For a

given channel geometry i.e. hydraulic diameter

and length, the iterative procedure enable to

calculate the true mass flowrate and respectively

the total pressure drop along the flow path.

Further details regarding the numerical technique

is presented elsewhere121.

RESULTS and DISCUSSION

Data reduction emphasized that the heat transfer

boundary conditions have a minor effect on the

results, as the hot surface temperature (Twl) is

almost constant along the test section, depending

only on the constant value of heat flux. The

results presented in Fig. 3 are lower by 30-r-40°C

than the values calculated earlier by the integral
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approximate method'3'. Based on the results it is

anticipated that the flow regime in the hot

channel is fully developed after less than 2m and

no further information is expected from longer

test sections.

overall increase in friction and in the overall

pressure drop respectively.
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Figure 4: Coolant massflowrate vs. hydraulic diameter ratio
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Figure 3: Hot surface axial temp, distribution
(test section nominal geometry&qt=3.5kW/m2 m )

Two additional items of interest were

investigated: a)Scaling-up the hydraulic diameter

of both the hot and the cold channel by

increasing the external diameter (D) by one order

of magnitude (up to actual reactor containment

size) and maintaining a constant hydraulic

diameter along the flow path, b) Different ratios

between the hot and cold channel diameters

(Dhl/Dh25t?
i:l) and a possible optimal design.

Hydraulic Parameters: (Figs. 4 & 5)

The mass flowrate and the overall pressure drop

indicate maximum and minimum values

respectively for Dh,/Dh2 =1. Lower values will

increase the pressure drop due higher friction

forces caused by higher velocity in the hot

channel while higher hydraulic diameters will

increase the friction forces in the hot channel due

the increase of the area of contact. Increasing the

absolute values of the hydraulic diameters results

in a slightly decrease in the mass flowrate due an

I

Figure 5: Pressure drop vs. hydraulic diameter ratio

Thermal Parameters: (Figs. 6 & 7)

The maximum temperature of the hot surface

and the convective heat transfer coefficient

reflect the efficiency of the cooling process

by the thermosyphon. As the mass flowrate

peaks for Dhl/Dh2 * 1, the flow regime

becomes turbulent and the maximum

temperature is reduced (Fig. 6). The shift of

the minimum value towards for Dhl/Dh2 « 2 is

explained by the conjugated heat transfer

process in which the decrease of maximum

temperature cause the decrease of heat
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transfer by radiation. Nevertheless, the

increase of the hydraulic diameter ratio will

monotonicaly increase the convective heat

transfer coefficient in the hot channel (Fig. 7)

as the Reynolds number is increased

indicating a higher turbulent regime.
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Figure 6: Max. surface Temp. vs. hydr. dia. ratio
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Figure 7: Convective heat transfer coefficient in
the hot channel vs. hydraulic dia. ratio
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NOMENCLATURE

A - heater X-section
CP - heat capacity
D - external dia.
d - diameter
h - conv. heat trans, coefficient.
I - electrical current (dc)
k - thermal conductivity.
L - length (Fig. 1)
m - mass flowrate.
P - pressure
q - heat flow
T - temperature.
x - axial coordinate
a - coeff. of thermal expansion.
e - emmisivity
p - electrical ressistivity.
a - Stephan-Boltzman const.

Subscripts:
c ] - convection in hot channel (1). (Fig.2)

C2 - convection in hot channel (2). ( )

hl - hydraulic dia. of hot channel (1).
il2 - hydraulic dia. of cold channel (2).

0 - outer dia. of heater (Eqs. 8; 10)

0 - nominal (exp. test conditions) (Figs.3+6).

M- radiation from hot surface. (Fig.2)
r2- radiation to cold surface. ( )

s - conduction through the insulating baffle( )

S | - convection to the insulating baffle ( )

S2- convection from the insulating baffle ( •• )

s s - stainless steel (heater).
1 - in hot channel (1). (Fig. 2)

2 - in hot channel (2). ( •• )
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