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Abstract--It has been proposed as a reactor design option to line the bottom ofthe guard vessel with magnesia 
(MgO) bricks to retain the core debris following a core-disruptive accident. With conduction as the dominant 
mode ofheat transfer in the debris bed and natural convection in the overlying pool, the debris bed, while fully 
submerged in sodium coolant, may begin to heat up and lead to coolant boiling. During boiling, to determine 
transient void distribution, a void propagation equation is derived. The transient aspects of the void 
distribution are expected to be important for very deep beds and during debris bed quenching. The vapor 
production source term is obtained from the solution of energy equation for the two-phase coolant, whereas 
the temperature distribution in the solid phase is calculated from the conduction equation. The heat flux from 
the fuel particulate to the two-phase coolant ismodeled from the solution ofsteady-state two-phase continuity, 

momentum and energy equations. 

INTRODUCTION 

IN A HYPOTHETICAL accident leading to core meltdown 
in a liquid metal sodium-cooled fast breeder reactor 
(LMFBR) or a water-cooled thermal reactor, molten 

core materials upon contact with sodium or water 
coolant will rapidly quench, freeze and fragment. These 
fragments or debris may settle on the bottom of the 
reactor vessel and form a debris bed. If the amount of 
fuel contained in the debris bed is not enough to form a 
critical mass then it is heated only by the radioactive 
decay of fission products and actinides. The debris bed 
is generally submerged in sodium or water coolant. If 
the bed is deep enough and the cooling is not adequate 
in part of the bed, the bed will dry out due to boiloff of 
the coolant. This will eventually lead to steel and fuel 
melting. If the reactor vessel is attacked by this molten 
steel and fuel, then a breach in the reactor vessel will 
allow molten steel and fuel, and liquid sodium or water 
to escape into the containment structure and threaten 
the integrity of the containment building. To guard 
against this potential for damage to the containment 
building, it is proposed that MgO brick lining be 
placed between the reactor vessel and the guard vessel. 
A sketch of this lining together with the debris bed 
and overlying sodium pool is shown in Fig. 1. To 
contain the debris bed within the guard vessel, it is 
essential to know to what extent the various natural 
cooling mechanisms available can be relied upon. The 
purpose of this analysis, to be presented in two parts, is 
to derive governing equations for determining the 
degree of penetration by the molten pool formed by the 
eutectic solution offuel in MgO. The thickness and heat 

*Work performed under the auspices of the U.S. 
Department of Energy. 

loading of the debris bed will be varied over a wide 
range so as to arrive at a ‘safe’ thickness of brick lining 
and the required associated degree of external cooling. 
A general description of the phenomenology leading to 
debris bed dryout will be discussed here in Part I. 

Initially, the fuel debris may consist of fuel and steel 
particles forming a porous bed submerged in sodium 

coolant lying on the bottom of the pressure vessel 
backed by MgO brick (see Fig. 1). During the initial 
heatup of the bed, because of very high resistance and 
relatively low porosity (- 4573, the dominant mode of 
heat transfer in the saturated bed is conduction, 
whereas in the overlying pool (see Fig. l), natural 
convection dominates. If the bed height and decay 
power levels are such that these modes of heat transfer 
are inadequate, then sodium boiling and dryout may 
occur. 

The objective of the present investigation is to 
determine dryout heat flux and the void propagation in 
the bed as a function of time and space. The transient 
aspects ofthe void propagation and dryout heat flux are 
especially important in a deep bed, as the deep bed is 
likely to dryout earlier in time when the decay heat may 
still be a strong function of time. Also, in a shallow bed, 
it is of interest to know how long it takes the bed to 
dryout and how large the dry zone becomes before it 
reaches steady state. It is also of interest to know the 
quench front in the quenching process of the bed by 
bottom or top flooding. The existing studies, which are 
numerous (e.g. refs. [l-4]), have concentrated only on 
quasi-steady determination of dryout heat flux and 
void distribution. Recently, a study appeared [S] that 
attempts to perform transient analysis; however, it 
contains errors in formulation of the governing 
equations and boundary conditions and consequently 
its predictions appear to be nonphysical. 
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NOMENCLATURE 

total surface area of the solid particles in 
the bed 
surface area of particles per unit volume 
of bed 
total bed loading due to solid 
particulate [kg m - ‘1 
bed loading due to fuel particulate 

[kg me21 
bed loading due to steel particulate 

[kg mm21 
specific heat at constant pressure 
specific heat of fuel at constant pressure 
particle diameter 
diffusion coefficient defined by equation 

(21) 
symbol defined by equation (20a) 
acceleration due to gravity 
enthalpy of liquid coolant 
enthalpy of sodium vapor 
thermal conductivity 
thermal conductivity of the two-phase 
mixture 
permeability 
relative permeability for liquid phase 
relative permeability of vapor phase 
mass flux of sodium vapor 
number of solid particles 
pressure in the debris bed 

capillary pressure 
heat generation rate per unit volume of 

bed 
heat flux 
particle heat flux 
heat generation rate per unit volume of 

fuel 
saturation of debris bed, i.e. fraction of 
void volume occupied by liquid sodium 
coolant 
temperature 
time 
local coordinates 

Y position of interfaces in debris bed 

& the position void or quench front at the 

top 
V volume of debris bed 

L’ f interstitial velocity of the liquid in debris 
bed 

v!J interstitial velocity of vapor in the debris 
bed 

v, velocity defined by equation (21b). 

Greek symbols 
c1 

l- 

E 

EF 

E* 

p 
V 

P 

AP 
Ah 
0 
Y 
R 

1 -s, void fraction in debris bed 
volumetric generation or condensation 
rate of sodium vapor 
void fraction in the debris bed 
volume fraction of fuel particulate 
volume fraction of steel particulate 
dynamic viscosity 
kinematic viscosity 
density 

Pr-Pg 

h-h, 
defined by equation (20b) 
defined by equation (20a) 
reaction frequency defined by equation 

WC) 

Subscripts 
E, e equivalent 
F fuel 
f liquid coolant 
D debris bed 

g sodium vapor 
L lower interface 

M MgO lining 
Na sodium coolant 

: 

stainless steel 
solid 

SE solid fuel and steel particulate 
U upper interface. 

FORMULATION OF MODEL 

Experimental studies [6-lo] on steady-state boiling 
in porous media have demonstrated the existence of an 
isothermal two-phase region, where the temperature 
was found to be uniform along the height of the two- 
phase region. However, during transients it is expected 
that this temperature may vary as a function oftime and 
space as the decay heat rate and void distribution 
change with time. The dominant mode of heat transfer 
in this region was found by these authors to be 
convection. Convection took place as a result of vertical 

counter-current flow of vapor and liquid. Bau and 
Torrance [6] also concluded from their temperature 
measurements in a single-phase region above a two- 
phase region, that the dominant mode of heat transfer 
was by conduction; because of higher heat transfer 
rates from the top of bed, the maximum temperature 
occurs in the lower part of the bed. Therefore, we expect 
single-phase regions to prevail above and below the 
two-phase region at least until the two-phase region 
propagates to the rest of the bed. In concurrence with 
the findings of Bau and Torrance, conduction will be 
assumed to be the dominant mode of heat transfer in 
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FIG. 1. Schematic of design features for in-vessel core debris retention. 

In the sodium above the bed, 
natural convection will be assumed to be the dominant 
mode of heat transfer. Three regions, namely a liquid 
zone at the bottom designated region 1, a two-phase 
region in the middle designated region 2, and a top 
liquid region designated region 3, are described by the 
governing equations derived in the following sections. 

GOVERNING EQUATIONS FOR 

SINGLE-PHASE REGIONS 

As discussed previously, heat transfer in these two 
regions is conduction dominated, described by the 
following governing equations. Assuming the bed to 
consist of fuel and steel particles, then for sodium- 
saturated regions, we have for a porous bed with 
constant properties 

pC,gLK$+Q, i=lor3 (la) 

where the volumetric heat capacity, PC,, of the liquid- 
saturated bed is given by 

PC, = W&F + %PsCps + %&ia (1’4 

and the thermal conductivity, K, as [ 111 

(I --)(&.,a/K~s- 1) 
1 + (1 -E)“~(KJK~~ - 1) 1 (14 

with KSE given by the Maxwell relation 

3-3u,+2a,K,JK, 

KsE = K1 (3-u,)K,/K,+u, 
(14 

where CI, = cl/(1 --E). Subscript 1 refers to the solids 
with the largest volume fraction and 2 refers to the 
solids with the smallest volume fraction. The values 
predicted by this expression appear to agree with 
measured values [12] of thermal conductivity of 
sodium-saturated fuel debris. The symbols +, es, and E 
denote, respectively, the volume fractions (of the total 
volume of bed) of fuel, stainless steel and void. It is 
convenient to express z+, Ed, and E in terms of bed 
loadings of these materials. Thus, 

( 1 - 4 PFIPF) (l-4WPs 
EF = BFIPF + WP, Es = B,/P, + B$P, 

(24 

& = 0.593-1.23 x 10-4 B (2b) 

where B = B, + B,, the total bed loading in kg m-‘. 
The above expression for E was obtained empirically 

by Gabor et al. [l]. The internal heat generation 0 is 
expressed per unit volume of the bed and is related to 
microscopic decay rate 4 per unit volume of the fuel 

0 = E&. (3) 

GOVERNING EQUATIONS FOR 

TWO-PHASE REGION 

The analysis of void propagation, heat transfer and 
hydrodynamics in the two-phase region can be carried 
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out through the methodology of two-phase flows in where K,, is the thermal conductivity of the two-phase 
porous media. The superficial velocities of liquid mixture. Upon neglecting vapor-phase conductivity, 
denoted by ur, and of vapor, denoted by ug, can be I(,, can be given as 
expressed by Darcy’s law for two-phase flows : 

K,, = ESK,. (1 lb) 

(4) The use of equation (9) in equation (1 la) gives, 

These superficial velocities are related to interstitial 
velocities u, and ug through 

ur = ESVf, u* = E(l-s)UB (6) where Ah = h,-- hf. Assuming h, ilr: h, (PB), equation 

where s is the saturation, defined as the fraction of void (1112) gives 

volume occupied by liquid phase. Here, k,, and k,, are 
the relative permeabilities of the liquid and vapor 
phases, respectively. Each varies from a value of 0 (if the 
phase is immobile) to 1 (if only that phase exists). 
Consequently, these relative permeabilities account for 
the decrease in the mobility of one phase due to the 
presence of the second. 

The difference between vapor pressure and liquid 
If, as assumed, the vapor pressure gradient is small and 

pressure is the capillary pressure P, given as 
is changing slowly with time, the above equation 
becomes 

P, = P,--P,. 

From equations of conservation of mass we have for 
the liquid phase : 

- 
aPfs a 
E-g- f-(P&f) = --I- 

ay 
(84 

. (12b) 

and for the vapor phase 

VOfD PROPAGATION EQUATION 

(W Assuming two-phase flow to be incompressible, 
equations (8) and (9) simpIify to 

where J? is the rate of generation of vapor per unit 
volume. The sum of these two equations yields the 
equation for the mixture as 

as au, r 
"~+~=---& (13) 

E~[sp~+(l--S)pgl+-a_~Pfuf+P.~s) = 0. ay (9) 

Assuming the liquid coolant is superheated at the 
pressure in the vapor phase, and the liquid phase and 
solid phase are at the same temperature, the energy 
equation for the solid phase can be written as 

where As in total surface area of the solid particles and 
K, = (1 -c)K,,. For a two-phase mixture, the energy 
equation is given as 

GJ C~sP,~,+~u -4PJg + $Prurhf f P&&) 

.,?f+au,J_ 
at ay pg. (14) 

The combination of these equations yields 

L_.!_ _f a(uf+u8) =r 

ay ( > Pg Pr - P* 
(13 

s Yl- 
Ufi-u, = - dy, 06) 

Yt Ps 

where Y, is the position of the lower interface between 
two-phase and single-phase regions. 

The combination of equations (4), (5) and (7) gives 

wg-PI) spc 
ay =z 

Eliminating ug between equations (5) and (17), we 
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obtain Zuber and Staub [16] for two-phase flows in pipes and 

p&r, 

” = p&s +/#,r s 

’ I- 
channels. In their terminology, V, is referred to as the 

--dy velocity of propagation of volumetric concentration 
r, pp wave, R as the reaction frequency, and D, as the 

k(p, - ps)s diffusion coefficient. However, the individual terms 

- @s/k,, + &k,r) 
making up these parameters for porous media flows 
appear somewhat different from those for nonporous 

k ap as 
+ --_ media. This distinction arises owing to the fact that the 

/+Jk,g +@,r as ay’ 
(W flows through the porous media are formulated in 

where it is assumed that capillary pressure is a function 
terms of Darcy’s law, whereas nonporous media flows 

ofsaturation only. The substitution ofequation (18a) in 
are traditionally formulated in terms of drift velocity. 

equation (5) yields 
To determine void propagation, equation (21a) is 

solved in conjunction with equations (10) and (12). The 

/+lkrr 
u* = 

/+lk,r + i&s s 

yl- 
--dy 

relevant boundary conditions are derived in Appendix 

r, ~8 
B. 

+ k(p, --P& 

/+ l&r + p&s REFERENCES 

k ap as 1. J. D. Gabor, E. S. Sowa, L. Baker, Jr and J. C. Cassulo, 
- ?_. Wh) Studies and experiments on heat removal from fuel debris 

/+I&+ @rs as ay I 

Assuming relative permeabilities to be a function of 2. 
saturation only (see Appendix A), we obtain from the 
above equation 1 

8 _aF as au y I- 
ay as ay 

+ (s > -dy 2; 
r1 PS 

3. 

++g a$ ) ( > 
4. 

(19) 

in sodium, CONF-740401-P2, Proc. ANS Fast Reactor 
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where 5. 

F = &r-p,)g 
Y= 

/&r 

/+I& + /@,,’ p’rlkd + /#rg’ 
@a) 

6. 

k 
Q=- 

ap 
dk,f + /+Jkr, ti 

(20b) 7. 

Substituting equation (19) in equation (14) gives 
8. 

W) 

a = l-s, v, =;[; +(J;,kdy)g], @lb) 10. 
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APPENDIX A : CONSTITUTIVE RELATIONSHIPS The integration of equation (A6) gives 

Relative permeabilities 
The relative permeabilities krl and k,, of the porous media 

introduced in Darcy law for two-phase flow [see equations (2) 
and(3)Jareexpressedas thefractionsofthe totalpermeability 
k. Experiments indicate that these coefficients are primarily a 
function of saturation but they are difficult to obtain 
experimentally. For the sake of simplicity and for the lack of 
any better information, we will choose the following linear 
forms 

prur = -peus = -m, (‘412) 

where we have implicitly used the fact that during steady state 
the interfaces are stationary, that is, pi = ?r = 0, so that there 
is no net flow across either interface [see equations (B5) and 

(B6)l. 
The substitution of equation (AlO) in equation (AS) gives 

k,, = s, k,, = 1 --s. (Al) 

Thus, in the above choice the respective relative permeabilities 
represent the ratio of cross sections available for liquid and 
vapor flows, and have values between 0 and 1. These forms 
have been suggested by Bau and Torrance [6]. These forms are 
consistent with the physics of two-phase flow in channels. 

s( 1 - s)kApg 

rcIv =(l-s)“r+s”,’ 

Permeability 

The integration of equation (A4) gives 

s 

Y 

PrUr = - I- dy. (A14) 
r* 

The substitution of equation (All) in equation (A14) yields 

The permeability k is obtained from the well-known 
empirical correlation by Kozeny-Carman [15] 

ril, = 
GAY- 6) %U -4 

VAh =r(Y-Y,). (‘415) 

k,c- 2 

150(1-&)2 
(A21 

where D is the average particle diameter 

Heatjux from solid particulate 
The majority of constitutive relationships are obtained from 

steady-state experiments and analyses. For the lack of any 
better information we will pursue this course for obtaining 
heat flux qW [see equation (ll)]. For simplicity, it will be 
assumed that axial conduction in the two-phase flow region is 
negligible, implying nearly constant temperature in the axial 
direction. There are ample experimental data(see, for example, 
refs. [6] and [7]) available that support this assumption. 
Furthermore, it will be assumed that vapor and liquid are in 
thermal equilibrium and that 

P, = P, = P. (A3) 

Inviewoftheaboveassumptions,equations(6H8),(10),(11) 
and (17) become, respectively, 

PfUf”f Ws”g -----+Apg=O 
ks k(l -s) 

(‘48) 

where in the last equation we have used equation (A 1). The use 
of equations (A4) and (A5) in equation (A7) gives 

r=4wA,. 
VAh 

(A9) 

For spherical particles As/V is given as 

AS NnD2 6(1-s) 

V NsD3/6( 1 - E) = 7 
(AlO) 

The use of equation (AlO) in equation (A9) gives 

(A13) 

The substitution of equation (A15) into equation (A13) gives 

qw& [s(l -s)kApg]Ah 

V C(1-~h+~vgl(Y-yJ 
(A16) 

The above equation provides heat flux qW for use in equations 
(9) and (12). 

APPENDIX B : INTERFACE 
BALANCE EQUATIONS 

To describe the motion of the interface between single-phase 
and two-phase regions, we need to obtain interface balances of 
mass and energy. For this purpose the interface is assumed to 
be smooth and sharply defined. Consider a thin elementary 
strip across the interface, as shown in Fig. Bl. Let coordinates 
of an interface be denoted by x(t) and of the strip as XL(t) and 
q,,(t) (see Fig. Bl). These interface balances are obtained by 
integrating the following genera1 equation of mass and energy 
across the interface over the strip. 

Mass : 

6; Ivr+U -&I + %w+P*YJ = 0. 
ay 

WI 

Energy : 

+ $ [prurhf+pgueh,l = ; ‘$ +Q. (B2) 
( > 

71 
‘il. ‘1 

T 
‘iU 

1 
FIG. Bl. Control volume for interface balances between two- 

phase and single-phase regions during sodium boiling. 
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Integrating equation (Bl) gives 

J 
rru a 

+ rII. $Pru,+p&dy = 0. (B3) 

The application of Leibnitz’ rule gives 

a 
J 

Yw 
“at YIL Cspr+(1-ss)pJdy-ECsp,+(1-slp,ll~,u 

dI;, x ~+&Cspr+(l-s)p,lI’lL~ 

+(pfuf+ppJ IY$” 4PfUf + P&l IYIL = 0. (W 

Taking the limit of I;,_ and &,, approaching x, we obtain for 
the interface between single-phase region 1 and two-phase 
region 2, 

--[s~r+(l-s)~~llr~~+s~~~+(~ruc+~~u~lu: =O. (B5) 

Similarly, for the interface between two-phase region 2 and 
single-phase region 3 

Similarly, the integration of the energy equation across an 
interface yields 

= K$lr,u -K$lr,,+Jrr,a dy. (B7) 

Taking the limit of yIL and yI, approaching q and assuming 
the temperature is continuous across the interface, we obtain 
for the interface between single-phase region 1 and two-phase 
region 2 

--C=p,hr+E(l -s)p,hJ Ir: fi +EprhlIr; fi 

+ (prurh + p&d Ir,+ 

For the interface between two-phase region 2 and single-phase 
region 3, we obtain 

--pAI + C~sprhr+E(l -s)p,hJ Iv; h -(prurhf + P&J IY; 

=K!!T I I ay yT 

-K$ r_. (B9) 
2 

Boundary conditions at interfaces 
To solve the transient void propagation equation (21), 

boundary conditions at the interfaces between the single- 
phase regions and the two-phase region need to be prescribed. 

Top interface. The top part of the two-phase region is 
subcooled and, consequently, vapor rising from the lower 
parts condenses in this part and the top interface defines the 
end point up to which vapor can penetrate. Consequently, it 
can logically be assumed that at the top interface, 

ug Irz = 0. (BlO) 

The use of equation (BlO) in equation (B6) yields 

pruf = -4l-s)Apf; (Bll) 

where Ap = pr-pr The substitution of equation (Bll) in 
equation (B9) gives 

41 -s)p,,Ahpz = Kg 
I I 

-Kar . 
ay yi 

(BW 
y: 

If we further assume that at the upper interface Pp = P,, then 

p, lr* = 0. (B13) 

The use of equations (BlO), (Bll) and (B13) in equation (17) 
gives 

(B14) 

Since kd is a function of saturation only [see equation (Al)], 
equation (B14) provides the boundary condition for s at the 
top boundary for solution of void propagation equation (21). 

Bottom interface. Since the bottom of the debris bed is 
closed, the region below the interface is expected to behave like 
a large liquid pool in to which liquid lilm from the two-phase 
region will drain. Consequently, the liquid surface at the 
interface can be approximately thought of as a stagnation 
surface for the liquid draining at the interface from the two- 
phase region. This, in turn, implies that the following 
condition can be assumed 

Uf Jr, = 0. (B15) 

The use of the above condition in equation (B5) gives 

Pguslu: = -4l--s)Apj’i. (B16) 

Thesubstitutionofequations(B15)and(B16)inequation(B8) 
gives 

41-s)pfAhi; = Kg 
I I 

_&T ay (B17) 
r: r; 

The use of equations (B15) and (B16) in equation (17) gives 

ap, as 
-- = 
3s ay r: 

41 -WPV~ p +Apg 

kkm 1 
@18) 

which provides the boundary condition for s for equation (21) 
at the lower interface. 
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EQUATIONS DU TRANSFERT DE CHALEUR ET DE MASSE DANS LES LITS POREUX 
GENERANT DE LA CHALEUR-I. EBULLITION DE REFROIDISSEMENT ET 

PROPAGATION VARIABLE DU VIDE 

Rbumi- Une proposition est faite de revitir la base du rircipient de garde avec des briques de magnCsie (MgO) 
pour retenir le noyau de d6bris qui suit un accident de rupture. Avec la conduction comme mode dominant de 
transfert thermique dans le lit de debris et la convection naturelle dans le liquide environment, le lit de debris 
completement submergk dans le sodium rbfrigbrant peut realiser une bbullition de refroidissement. Une 
Equation est &rite pour dkterminer la distribution variable du vide pendant l’tbullition. Les aspects variables 

de cette distribution sont trouves itre importants pour des lits tris profonds et pendant la trempe du lit. Le 
terme de source de production de vapeur est obtenue A partir de la solution de Equation d’6nergie pour le 

rkfrigi?rant diphasique, tandis que la distribution de temperature dans la phase solide est calcul&e & partir de 

l’kquation de conduction. Le flux thermique A partir des particules de combustible dans le rtfrigerant 

diphasique est mod&lisi A partir de la solution des equations de continuite diphasique, de la quantite de 

mouvement et de l’bnergie. 

GLEICHUNGEN FUR DEN WARME- UND STOFFUBERGANG IN 
WARMEFREISETZENDEN PORC)SEN SCHUTTUNGEN-I. SIEDEN DES KUHLMITTELS 

UND INSTATIONARE DAMPFAUSBREITUNG 

Zusammenfassung-Es ist als Konstruktions-Variante vorgeschlagen worden, den Boden des 
Sicherheitsbehllters mit Magnesia(Mg0) auszukleiden. Nach einem Unfall, bei dem das Core zerstBrt worden 
ist, sollen so die Triimmer zuriickgehalten werden. In der Triimmer-Schiittung ist WIrmeleitung die 
bestimmende Art der WLrmeiibertragung, im dariiber befindlichen BehHlter ist es natiirliche Konvektion. Die 
Triimmer-Schiittung. die vollstLndig von dem Kiihlmittel Natrium iiberflutet ist, kann anfangen sich 
aufzuwirmen, wobei schliefilich das Kiihlmittel zu sieden beginnt. Zur Berechnung der instationlren 
Dampfausbreitung wahrend des Siedens wird einen Gleichung entwickelt. Die instationiiren Aspekte der 
Dampfausbreitung werden bei tiefen Schiittungen und wghrend der Abschreckphase fiir besonders wichtig 
gehalten. Der Dampferzeugungs-Term ergibt sich aus der Lijsung der Energiegleichung fiir das zweiphasige 
Kiihlmittel, die Temperaturverteilung in der festen Phase aus der Wlrmeleitgleichung. Die 
WBrmestromdichte im Brennstoff wird durch Liisen der stationlren zweiphasigen Kontinuitlts-, Impuls- und 

Energiegleichungen berechnet. 

YPABHEHMR TEI-IJIO- I4 MACCOl-IEPEHOCA B TErUIOBbIAEJI5HO@I4X IlOPkiCTbIX 
CJIOlIX-I. KMHETHKA OXJIA2(flEHHR I4 3BOJIIOqH5l IIY3bIPbKA 

AHHoTaqm-KaK OjJHO 113 BamHblX KOHCTpyKTHBHbIX peIIIeH&ifi ITpeAJIOxeHa +yTepOBKa KApna’IaMIi Ii3 

OKHCR Marmix nHa 3amnTnoi? 060~109~11 anepHor0 peaKTopa c uenbI0 npenorapamemin eb16poca 
panllOaKTABHbIX OCKOJIKOB npll er0 aBapHII. H3-3a TenJIOnpOBOntiOCTPi, aBJISIIOmefiCR flOMUHBpyH)mHM 

MeXaHR3MOM Ten,IOnepeHOCa B TenJIOBbIneJIlIOmeM CJIOe, U STeCTBeHHOi KOHBeKullH B o6aehfe Haa er0 

nOBepXHOCTbEO, CJIOi?, 6ynyw nOMemeHHbIM B HaTpHeBbIii OXJIaJ,HTeJIb, MOEeT Bb13BaTb HarpeB II 

Knnemie nocneneero. noJIyYeH0 ypaBHeHHe, KOTOpOe ormcIL.lBaeT nBEixeHIle H 3BOnIoIIAIo ny3bIpbKa 80 

BpeMa K5inemm. rlpennonaraeTca, ‘IT0 xapaKTep .DBIiEeHAIl ny3bIpbKOB II Iix 3BOJIIoIwiR IIBJIRK)TCI 

CymecTBemIbIMM nnn oyenb rny6oKax cnoeB ~0 apeMa AX pesroro oxnamneaea. CnaraeMoe B ypaaae- 

HHA, 0TBeqaIomee 38 cKopocTb napOO6pa30BaHHa, nonyqeso 113 pemeHan ypaaHeHua 3Heprmi nnr neyx- 

Qa3tIoro oxnan5iTena, Torna KaK none TeMnepaTypbI B Tsepaoii +ase nonyyeno 1(3 pememir ypaaHeHIia 

TeII,IOnpOBOLIHOCTW. TennoBoR nOTOK OT YaCTIIubI TOnJIllBa K nByX@3HOMy OXJIaJ,UTeJIIO MOlle,Ill- 

pyeTC9I Ha OCHOBaHIiA peIIIeHMa CTaunOHapHbIX ypaBHeHHti Hepa3pbIBHOCTA, HMnyJIbCa H 3HcprRH jUIll 

LIByX+a3HOii CpenbI. 


