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RSR Monthly progress Report

Transient Critical Heat Flux

1. Local Conditions in Blowdown Experiments (J.C.M. Leung and R.E. Henry)

A detailed local condition analysis of the heated core requires ;

i

specifying boundary conditions at both ends (inlet and outlet) of the |
|

core as well as heat flux at the heater wall surface. For extmple, in !

the Semiscale MOD-1 core, Varacalle, et_al., have obtained local conditions f
i

for S-02-9 using RELAP4 core model by specifying pressure and enthalpy

at the upper plenum boundary, and mass flow and enthalov at the inlet

core mixer box 1,2 (which houses the turbine flowmeter, drag disc and

gamma densitometer). The surf ace heat flux is obtained via an inverse

3heat conduction technique by inputting the local power generation rate

and the measured temperature just behind the outer sheath of the heater.

Unfortunately, the mass flowrate at the core inlet was not measured

accurately early in the transient; the response of the inlet flowmeter

was too slow and the drag disc reached its mechanical limit betwer- '

and 0.3 sec.2 Fu r t he rmo re , there are uncertainties in the calculated

heat flux sa esult of variations (just to name a few) in the location

of thermocouples, porosity of boron nitride and gap conductance. These

types of variations are being analyzed in the heaters of THTF bundle

(ORNL) by a very long calibration procedure.4,5 The lack of mass flow

and density measurements in the THTF core prevents a detailed local

ccadition calculation just within the core itself. An alternative is to

use the core pressure drop information but the DP cell output exhibited

prolonged ringing signals which are exceedingly difficult to make use

of.6 The local condition analyscs had been performed so far using the

spoo piece measurements (pressure, mass flow and density) outside the

core. Once again the dif ficulties encountered in the turbine flowmeter

theuncertaintyinthe{N913 325
7and drag disc were reported and therefore
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fluid conditions cannot be quantified during the first 1.5 sec (Test

105).6 This is unfortunate since most of the heater thermocouples

indicated CHF within this time.

In the single-tube Freon blowdown experiments, the simple geonetry

together with toe accurate measurement of pressures, temperatures. and

mass flow should lend itself to a core reliable local fluid condition

analysis. A new uniform-flux test section which has 20 three-wire

8thermocouples installed on the outer wall has been fabricated. The

three-wire thermocouple measures the actual outer wall temperature while

eliminating the IR drop voltage pickup caused by de heating. The test

section is insulated by more than 1/2 in. of ceramic fiber insulation

and a couple of thermocouples have been installed to measure the insulator

response during the transient. The mass flowrate at the inlet break

will constitute one boundary condition and hence accurate prediction of

choked flowrate is essential, particularly in the subcooled and near-

saturated regime. Preliminary steady-state results show that the Henry-

Fauske critical flow model prediction is in good agreement with the

measurements over a wide range of subcooling and stagnation pressure in

Freon-11 as shown in Fig. 1. The mathematical tool necessary for the

local condition analysis is outlined in the next section.

2. Analytical Support fbr Transient CHF (J.C.M.Leung and K. Gallivan)

A one-dimensional transient coolant dynamics model which bears

some resemblance to SASIA9 (ANL) and BACTRAC10 (MIT) was proposed.Il

This model considers an incompressible liquid and a compressible two-

12phase mixture. The use of two- ap Lax-Wendroff explicit scheme in

the solution of two-phase compressible region was found to require

excessive computer time since the numerical stability is dictated by the

Courant's criterion,

298 326
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(1)At I

max |c+ u

where at, Az, c, and u are respectively the time step, node spacing,

acoustic ' locity and the zuximum fluid velocity. For a node spacing of

2 in., the allowable tire step is about 1 msee or less since c is an

order of magnitude larger than u A new schema is proposed here.

which relaxes the coristraint given in Eq. 1 to

*
(2)At <- u ,

max'

which means the time step be such that no fluid particit is allowed to

traverse more than one node spacing. This results in significant saving

in computation time as will be demonstrated later. Essentially this

-scheme neglects the acoustic phenomena (or pressure wasc r*nnaea'. ion) as

first suggested by Meyers.13 This is accomplished by assu.;.ing that

density (p) can be evaluated as a function of enthalpy (h) only,

p = p(h) (3)

which applier therefore to both single-phase liquid anu two-phase.

Essentially this assumption decouples the moments, equacion from the

continuity and energy equations. For a pressure-driven boundary concit-

ion (i.e., given test-sec* ion pressure drop AP), an integrated momentum

13.equation is emplojed as suggested by Meyers

=f(AP-F) (4)

298 327where
f" I'
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G = ave mass velocity = G d.-
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and the total resistance to fluid flow F, is given by

[h b
F = j g2h H

g2 h 2f
'

f
1 1 + G|G|dz+ pg dz (5)

#k P(E/out
'

/ in J9 ,g

The centinuity and eergy equations are written as

0 (6)+ =

S+C S. h 1 3P
at p az pA, p 3t

.-

where P nd A are the heated perimeter and flow area, respectively.
h

The combination of the continuity and energy equations has been shown to

describe the local rates of fluid expansior. in single phase and voiding

in two-phase.I'' In two-phase, t.he patticular result la

! \ dPau h"f1 +h~~1 3h

g = A h"g fg . v\ /x dth BP
x

~ <- , . .s ,

I II

It can be seen that the volumetric flux variation of the two-phase

mixture depends on the (I) wall heat flux & and (II) flashing as a

result of depressuri7stion. The step-by-step solution method of Eqs. 6

and 7 is too long to be reported here but basically the finite differ-

ence form of the equations was integrated in stepwise manner using a
"

predictor-corrector scheme.

A test problem was examined using both the compressible scheme.,(i.e.,

I,ax-k'endrof f method)and the present scheme which neglects the sonic

phenomena. A tube of length 128 in. initially filled with Freon mixture

of x = 0.1 was subjected to a rapid exponential pressure decay without

heat addition as shown in Fig. 2, g )~
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P = 300 - 20 (1 - e-E) psia (9)

297.3 - 17(1 - e~ ) psia (10)P =
2

where P and P at the prescribed inlet and exit pressure, respectively.
2

The predicted exit and inlet velocities are shown in Figs. 2 and 3

respectively for the two schemes employed. The two methods exhibit

remark ly good agreement; the present scheme is seen to smooth out the

high frequency oscillation in celocities which are predicted by the

compressible scheme. The oscillation is felt to be the result of the

pressure wave propagation phenomena which has a transport time of 0.09

see in the test section. After 2 sec the velocity oscillations were

damped out sufficiently so that the two schemer pradict identical results

from then on. The 4 see transient requires 120 CPU secs for the compressible

solution and only 7 CPU sec for the present solution.

Version 1 of the present scheme which has been completed handles a

prescribed wall heat flux and pressure driven boundary at both ends. An

actual isothermal blowdown (here meaning no power input) has been analyzed

using this present version. The heat flux to the coolant during blowdown

was calculated via a simple heat balance which assumes the wall temperature

to follow saturation.14 The pressure boundary values were obtained

using the experimental pressure at the top and the test-section DP cell.

However early in the blowdown (%1 sec) excessive ringing in DP cell

output was observed and an electronic filter wqs used to damp out the

oscillation and therefore the results would not be reflecting the early

thermal-hydraulic of the system. The predicted velocities are compared

to the turbine flowmeter measurements in Fig. 4. The velocity at thm { )
top (TV2) was predicted rather well but the velocity at the bottom (TV1)

was underpredicted in magnitude by the present scheme. This discrepancy
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could be caused by the conservatism in the heat flux boundary evaluation

which did not take into account the stored heat in the insulation. If

core heat was to be extracted by the coolant, a higher voiding rate

which led to a higher velocity would be expected..This preliminary

result is particularly encouraging in view of the fact that COBRA-lV-:

yields a less satisfactory comparison as shown in Fig. 5.

Version 2 is at present be'ng implemented to handle flow-driven

boundary condition at one end. This couples with a critical f)ow pre-

diction at the break will enable o separate evaluation of local conditions.

.

.
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Fig. 2. Exit Velocity Comparison During Exponential Pressure Decay Test Problem.
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Exit Turbine Velocity Measuruent.'
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Monthly Progress Report

Reflood Tests (Y. S. Cha, R. E. Henry, P. A. Lottes)

Several tests were performed with relatively low average inlet

velocities (s2.5 cm/s) and with a subcooling of %7"C for the inlet fluid

(all previous tests were performed with an inlet subcooling of %35*C).

The operating conditions and the measured results are shown in Table I,

where

T = initial temperature of thermocouple No. 18.18,1

f = frequency of forced-oscillation.

S = opening position of the throttle valve between the supplyg

tank and the test section.

B = opening position of the throttic valve between the receiving

tank and the test section.

P = pressure in the supply tank.

P = Pressure in the receiving tank.
r

T = inlet water temperature.

T
d emp r ure t t s aarge end of the test section.=

Al = change in liquid level in the supply tank.
f

Al = change in liquid level in the reverse tank.
r

A1 = change in liqujd level in the recirculation tank.e

At = time required to complete a test.

Y = inlet average velocity to the test section.
f

Y = average velocity during forward flo'..
f

__

V = average velocity during reverse flow.

-.

(V V )/2V =

d = orifice diameter for forward flow.f

d = orifice diameter for reverse flow. } )



Comparisons of the results of quench time versus axial distance for

Run No. 59, 61, 63, and 66 are shovn in Fig. 1. It is seen that the

quench front velocity increases with increasing frequency of oscillation.

This result is consistent with the I sults reported previously with approxi-

mately the same inlet averagc velocity but with an inlet subcooling of 35*C.

It can be observed from Fig. 1 that the difference in quench time at the

same axial location is small between tests with f = 2.80 H and f = 1.0 H

and test without forced-oscillation. There is a relatively large difference

in quench time between test with f = 0.26 H and tests with other frequency

of oscillation. The largest difference in quench time appeared near the

erds of the tests (at an axial distance of 2.13m) and the difference is

_oximately 25%.

Figure 2 shows the comparisons between tents with different inlet sub-

coolings. Run No. 53, 54, 62, and 65 all have an inlet average velocity of

approximately 2.5 cm/s. Run No. 53 has an inlet subcooling of 35 C with

1.11 H . Run No. 54 has an inlet subcooling of 35"C with f = 2.78 H .t' =

It can be observed from Fig. 2 that the difference in quench time is small

between tests with different inlet subcoolings.

.
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T ' O O I P Power T T A ^ 0 018.1 f r s g d f r e i f r r f r"" " * ('C) (Hz) (turns) (turns) (HPa) (KPa) (kw) ('C) (*C) (cm) (cm) (cm) (sec) (cm/s) (cm/s) (cm/s) E- (cm) (cm)
.

59 705 0 1.20 - 0.411 - 0 93 121 19.4 0 7.8 424 2.89 2.89 0 0 0.381

60 707 0.26- 3.0 - G.411 0.101 0 93 121 38.7 24.1 4.8 395 2.33 12.5 7.8 0.62 0.381

61 705 0.26 3.3 - 0.411 0.101 0 93 121 42.2 24.1 7.6 390 2.94 13.8 7.9 0.57 0.381

62 709 0.98 3.0 - 0.411 0.091 0 93 121 39.5 24.1 4.4 390 2.49 12.9 7.9 0.61 0.381

63 699 1.01 3.3 - 0.411 C.095 0 93 121 40.2 23.6 5.9 366 2.85 14.0 6.3 0.59 0.381
3

64 705 0.98 3.3 - 0.411 0.101 0 93 121 43.0 22.7 8.4 402 3.20 13.6 7.2 0.53 0.381
.

65 708 .78 3.0 - 0.411 0.079 0 93 121 39.5 24.8 6.7 372 2.50 13.5 8.5 0.63 0.381

66 711 2.80 3.0 - 0.411 0.081 0 93 121 41.3 23.7 7.0 385 2.90 13.7 7.9 0.58 0.381

67 705 2.73 3.0 - 0.411 0.090 0 93 121 36.0 17.1 8.6 353 3.39 13.0 6.2 0.48 0.381

TABLE I

J) Operating Conditions and Maasured Resulta for Run No. 59 through 67.g&
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