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before core damage wouid occur and permits one to ignore the short term (< 1/2
hour) effects in the core during a natural circulation event. Then in the
longer term (> 1/2 hour) the heat removal from the primary system by natural
circulation can be estimated by assuming that quasi-steady conditions exist
through the heat transport systems. Finally a heat sink credit is taken for
the heat removal capacity of the PACCs under natural draft conditions by using
"best estimate” analysis. Combining the results from three areas gives the
best estimate of the CRBRP response to tine loss of all AC power, i.e., natural
circulation with turbine-driven feedwater and a natural draft PACC unit. The
results of the analyses in the three areas of conservatism are presented in
the next three sections; in the last section a summary of the current work 1is
presented and further work is discussed which will extend the best estimates

of the CRBRP heat removal capacity during natural circulation events.
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HYDRAULIC HEAD

APy = DGR AT AL
H /J&}H

where AT = TH TC







HYDRAULIC PRESSURE DROP

. - 2 2
/.Pf _ K1W<‘| + K2W2 + K

2 ¢ 2
W3 + |\4W4

3

where ;LP‘ = frictional pressure drop

Ki - flow-dependant constant for section i

Wi = flow velocity through section i

core
pump with locked rotor

check valve
piping, IHX, etc.
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TUBE AND FIN MEASUREMENTS (samme ay cowseco )

Soke (&)
—-;Ir-..-érsq (ag) ,.”.__A.c:u ¢

,«“5"'; e— - - : -’ =

'
|
|
|

FIN Rew S PER INCHW - &

NMUMBER OF SCECMENTS PER RCW » 40,75

(BY COUNT AND CALCULATION ) —=

HEASUREMNINTS BY VERNIER CAUPARS, MICROMEATER CALIPER
AND DEPTH GAVGE.

CALCULATED FIN-21D

o.p. FIN HE&L (2.112")

Fin FACES

FIN GDGES

TOTAL SURFACSE




[P Pressure Difference For Natural Draft

Considering the schematic illustration for the PACCs shown in Fig.
4,7, the driving pressure for natural draft through the units can be expressed
by

AP = (0.o - nai)gh (4.1)
and considering the air to be a perfect gas this can be expressed in terms of

the inlet and outlet temperatures as

op = % o T L e (4.2)

ao ai
A typical air inlet temperature would be 300°K (80°F) with the outlet tempera-
tures under these conditions ranging from 500°K to 550°K (440°F - 530°F). For

these two ranges, the pressure difference av.ilable for air flow is between

45.6 and 51.8 Pa.

4.3 System Flow Capacity

Evaluations of the forced convection flow through the PACCs unit
have been made and are reported in Ref. [9]. Considering all the resistances
in the system, the resulting values are tabulated in Table 4.1 in both English
and SI units. In addition, these are graphically represented in Fig. 4.8 and

compared with an expression relating the pressure drop and the square of the
flow rate.

AP = 0.43 W (4.3)
For an average driving pressure of 48 MPa, the air flow rate would be 10.6

kg/sec.

4.4 Air Side Heat Transfer Coefficient

As discussed in Ref. [10], the heat transfer coefficient over tube

bundles can be represented as a function of the dimensionless grouping
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4.6 Energy Removal from the PACCs

As an air cooled condenser, the temperature variation for the steam
side and air side within the PACCs can be represented as shown in Fig. 4.10.

The heat transfer rate can be expressed as

Q = UA BT = ., . -1 (4.6)
where
__ AT, - AT,
AT = ‘--—Zi::*- (4.7)
1n Kf;

since the steam side temperature remains constant, this expression can be

rearranged to

DTa UA(T&O ' Tai) E UA (4.8)

ATb wcP(Tao - Tai) ch

1n

or

UA

T. =% We
8t e P (4.9)
T -T

s ao

Solving this expression for the outlet air temperature (Tai) results in the

following expression.

_ UA_
We

r . P
Tao ' T, (Ts Tai)e

(4.10)

As illustrated in a previous section, the gas flow rate varies as the square
root of the pressure drop and the pressure difference developed by the natural
draft is relatively insensitive to the outlet air temperature. As an average
value sufficient for these evaluations, we will consider the pressure differ-

ence to be 48 MPa which provides for a gas flow rate of 10.6 kg/sec.
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4.7 Heat Removal Rates by Ultimate Heat Sinks

The heat which is removed from the primary system by natural circu-
lation is assumed to be transferred through the IHX and evaporator in a very
efficient manner. The amount of heat removed from the primary system 1is
assumed to equal the amount of heat used to generate the steam which flows to
the steam drum. The heat is removed from the steam drum by condensing steam
in the PACCs and by venting the excess steam to the atmosphere. The amount of
the heat removed by venting at a given time is obtained by subtracting the
constant PACC heat removal rate of 4.24 Mw/loop from the current natural
circulation heat removal rate. The venting rates in Mw are plotted for one,
two, and three loop natural circulation cases in Figs. 4.11, 4.12, and 4.13.
The venting rate is converted into the mass of the steam which is integrated
to give the cumulative mass of steam vented from the system. These results
are given in Figs. 4.14, 4.15, and 4.16.

The heat removal rate by venting peaks within a half hour and then
decreases steadily until it reaches zero. The three cases show significant
differences in the time to the end of venting, about 9600 seconds (2 2/3 hrs)
for three loop operation and over 100,000 sec (v 27 hours) for one loop opera-
tion. The total mass of the steam vented also differs significantly, between
50,000 kg and 177,000 kg for three and one loop operation, respectively. Note
that the total water inventory in the drums, pipes and evaporators is " 50,000
kg and in the protected water storage tank is n 250,000 kg. The analysis
shows that most of the steam is vented as a result of cooling down the primary

system rather than as a result of removing decay power.
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