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EFFECTS OF CONDENSATION l#lDELINGON TRANSIENT
BEHAVIOR OF PRESSURIZED HATER REACTORS*

by

Nelson S. DeMuth
Dean Dobranlch
Manjit S. Sahota
Charles E. Hatson

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

In simulating pressurized water reactor (PUR) transients with large-scale

systems codes such as TRAC and RELAP, the effect of condensation has been

recognized as a controlling mechanim In the prediction of plant response.

For transients Involving contraction of or loss of primary coolant, the rate

of condensation (primarily In the pressurizer) controls the system nflll

characteristics.

Several separate but Infracting phenomena occur during the process of

pressurizer refill: stem compresslo~, system heat losses, thermal

stratification or mlxlng of liquid, and condensation. The relative importance

of each of these processes and the degree of interaction betwen them during

different t-anslents Is very complex. The exlstlng condensation models do not

adequately describe the interplay between these ●ffects and this leads to

unc~:rtaintlesin the predicted system response. Further experlnwntel data and

code assessment are required to provide data necessary for improving

condensation models.

Threo exanples of transients Involving uncertainties Introduced by

condensation modeling are (1) pwssurized thermal shock (PTS) transients,

(2) SHM1l break loss-of~coolant accidents (S13LOCA),and (3) steam generator

tube rupturus (SGTR).

%iork performd under auspfces of United States Nuclear Regulatory Comnlsslon.



Pressurized themal shock refers to a secpence of events in tiich rapid

prima~ cooling follomd by repressurizationmqy lead to initiation of defects

or propagation of exfstfng defects fn the embrlttled sectfon of vessel M1ls.

The pressure stresses coupled wfth the

to occur. Calculations of the

repressurfzatfon, therefore, depend

employed. The rate and mount of

preaictfon of defect fnftfatfon or

thermal stresses are wcessary for thfs

system overcoolfng, refflllng, and

greatly on the condensation models

pressurization are fmportant to the

propagation, and the uncertainties

associated wfth the condensation mst be resolved to allow accurate

predictions of thfs behavfor.

The response of a Babcock-and-Hflcox lo~red-loop plant followfng a break

fn one of the mafn steam lfnes ws calculated with TRAC-PD21. Prfmary

coolant tanperatures and pressures calculated wfth TRAC for scmwhat dffferent

assumptions on the feedwater flows (cases 1 and 2) are compared fn Ffgs. 1 and

2 wfth results obtafned fran the IRT code2. The plant model for case 1 had

a 4-node pressurizer model, tifle for case 2, a 20-node model was used. The

cold-leg temperatures for the three calcul~tfons are fn good agreement,

fi<reas the transfent pressures dfffer markedly after about 600 s, hen the

pressurizer begfns to refill. Thfs difference fs asc-fbed to the differfng

condensation models fn TRAC and IRT. For the pressurizer befng refflled wfth

subcooled liquid, the TRAC-calculated condensation rates wre found to be much

too large, tifle the IRT calculations had no condensation. The large

condensatfcm rates fn TRAC wre a result of a turbulent flow assumption and

the use of the bulk flufd temperatures fn the calculation of interfacfal

heat-transfer coefficients.

Analyses of the TRAC results showd that prfmary repressurization was very

sensftfve to both the condensation rate and the nodfng fn the pressurizer.

The sensitivity of TRAC-calculated repressurization to changes fn the

condcnsa:fon rates fs show fn Fig. 3. For thfs fllustratfon, the pressure

response shown by the solfd Ifne MS obtafned by fflling the fine-mesh

pressurizer (20 nodes) with subcooled llqufd assumfng a surge lfne velocf~ of

10 m/s. The upper and lo~r dashed lfnes fn thfs ffgu~ show the effect of

‘order-of-magnitude’ changes In the fnterfacftslheat transfer coefficients.

The effect of pressurizer nodfng fs shown In Fig. 4, here the prassuns for

coarse and ffn nodfngs an canpared The pressure response varfed accordfng



to the number of nodes used, and approximately 20 nodes =re required to

achieve reasonable res~lts.
& n-break loss-of-coolant accidents also involve system refill and

repress~‘ization. The rate and amount of pressurization during refill affects

the rate of emergency coolant injection and, in B&Idplants, the recovery of

natural cirt-ulationflows in the primary coolant loops. Calculations of a

small-break loss-of-coolant accident In a B#H plant wre perfomd with the

TRAC-PF13 canputer code. In these calculations, the break was closed after

the pressurizer, the upper head and the hot-leg ‘can~ canes’ had filled with

steam, blocking natural circulation flows. The primary refilled with

subcooled liquid from the high pressure tnjectfon system. The resulting

primary repressurization was accompanied by steam condensation in the upper

he~d, pressurizer and candy canes. The vecovery of natural circulation flows

depends on condensing or collapsing steam bubbles in the candy canes, and this

is affected by condensation in the pressurizer.

A special variant cf the SBLOCA is the steam generator tube rupture. To

isolate the primary leakage during a SGTR, it is necessary to reduce the

primary pressure to the pw~sure of the steam generator secondary. One

strategy to aid in this depressurization is to open the relief valves on the

intact s~am generators, thereby enhancing the primary-to-secondary heat

transfer. The resulting primary cooling increasee the condensation rate,

contracts the primary liquid and reduces the internal energy of the primary

liquid. All of these affect the tim necessary to decrease the primary

pressure and involve feedback mechanisms associated with refillin; the primary.

These transients exemplify the importance of accurate, comprehensive

condensation models. Many synergistic effects occur during these transients

and the dominant nwchanisins must be identified anti quantified to allow

reliable predictions of the trarsient events and consequences.

Improved models for condensation are being developed and evaluated against

experimental data. In the improved pressurizer model, wall condensation is

handled by Nusselt’s film analysis.4 The intirphasic exchange rates are

calculated by suppressing heat transfer from the interface to the liquid

during condensation. This is equivalent to assuming the liquid to be at

saturation for condensation calculations, and enables modeling the pressu~izer

component using a single node. The foregoing approximation appears adequate



as only a mall fraction of the total vapor heat loss (less than 10%) is

attributable to condensation on the liquid surface,

Figure 5 shows a comparison betwen a TRAC-PF1 calculation using the new

single-node pressurizer nmdel and the experimental data of ;aedi and

Griffith5 during an insurge. Although the results are encouraging and

indicate a substantial improvement, it should be noted that the TRAC model

uses condensation coefficients estimated frcmrthe same experiment~l facility,

and gerieralizations about the adequacy of the nudel are not yet possible.

More extensive code-data comparisons are needed to assess the validity of the

model for a range of transient conditions.
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Fig. 1.
Canpzri son of primary coolant system cold-leg tetnperature
fr&n TRAC (cases 1 and 2) and IRT-(Ref. 2). -

Fig. 2.
Comparison of primary cool~nt pressure fram TRAC (cases 1
ancl”2)and IRT “(Ref.“2).
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Fig. 3.
Condensation rate affects pressure
surge line velocity of 10 m/s.

response for constant
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Fig. 4.
Pressurizer nodlng Hffectc pressure
surge line velocity of 10 m/s.
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Fig. 5.
Pressure response calculated with improved condensation
model compared with experimental results.


