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CHF DURING FLOW RATE, PRESSURE AND POWER TRANSIENTS IN HEATED CHANNELS 

G.P. Celata and M. Cumo 

ENEA - Rome Italy 

SUMMARY 

The behaviour of forced two-phase flows following inlet flow rate, pressure 
and power transients is presented here with reference to experiments 
performed with a R-12 loop. 
A circular duct, vertical test section (L = 2300 mm; D = 7.5 mm) instrumented 
with fluid (six) and wall (twelve) thermocouples has been employed. 
Transients have been carried out performing several values of flow decays 
(exponential decrease), depressurization rates (exponential decrease) and 
power inputs (step-wise increase). 
Experimental data have shown the complete inadequacy of steady-state critical 
heat flux correlations in predicting the onset of boiling crisis during fast 
transients. Data analysis for a better theoretical prediction of CHF 
occurrence during transient conditions has been accomplished, and design 
correlations for critical heat flux and time-to-crisis predictions have been 
proposed for the different types of transients. 

1. INTRODUCTION 

As known, the thermal crisis is an important limiting phenomenon in the design 
of a nuclear reactor core. As such, CHF phenomenon has been extensively 
investigated in steady-state operating conditions for nuclear safety 
applications. 
However, if CHF does occur in a reactor, it is most likely to occur during 
transient, accident conditions. 
In the case, for instance, of the extremely unlikely event of a loss-of-
coolart accident (LOCA) in a PWR, severe transients in pressure, mass flow and 
heat flux would all happen, so to cause a complicated thermodynamic behaviour 
of the coolant. 
It is therefore important to analyse and verify the capability cf steady-state 
correlations in predicting transient CHF. 
In the case of their failure in representing transient situations a need will 
exist to develop new correlations enabling more accurate predictions. 
Before trying to examine in detail the combined mechanisms of burnout 
behaviour during a LOCA, it seems necessary to understand first the several 
aspects related to CHF phenomena in simpler situations where mass flow, power 
and pressure transients occur separately /I,6/. 
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Aim of the present paper is to show the results of an investigation performed 
at Energy Research Centre of Casacci a in the frame of a research devoted to 
the analysis of complex and simultaneous transients in heated channels 
/7,8,9/. 
The research refers to the investigation qf critical heat flux occurrence 
during flowrate /7/, pressure /8/ and power transients /9/ in which the 
parameters were varied separately, keeping constant the remaining two ones. 

2. EXPERIMENTAL APPARATUS 

The employed experimental loop, schematically represented in fig. 1, consists 
mainly of a piston pump, a pre-heater, an electric heater, a condenser and a 
Refrigerant-12 tank. The employ of Refrigerant-12 as a coolant, being the 
present research focused essentially on the basic behaviour of the transient 
phenomena, enables to simulate water at much higher pressures and to get a 
more relevant number of experimental data, in comparison with water, because 
of the lower latent heat. Concerning the scaling laws, those proposed by S. 
Ahmad have been selected /10/ for their closer adherence to water data, as 
verified in literature. In our case, Ahmad scaling laws have been employed to 
simulate equivalent water conditions with reference to Pressurized Water 
Reactors. 
The maximum operating pressure of the loop is 3.5 MPa, whilst the maximum 
specific flowrate is 1800 Kg/s m ; the available electric power is 5 KW for 
the electric heater and TO KW for the test section. 
The test section is a stainless steel, circular duct uniformly heated (Joule 
effect) over a length of 2300 or 1180 mm, with an inner diameter of 7.5 mm and 
a wall thickness of 0.9 mm. The test section instrumentation consists of 0.5 
mm, K-type thermocouples distributed according to the scheme of fig. 1 for the 
wall (twelve) and the fluid (six) temperature measurements. The thermocouples 
located at the outlet section (the hot junctions are well inserted inside the 
wall thickness) indicate the onset of burnout. The Refrigerant-12 flow is 
upwards with subcooled inlet conditions (before the start of the transient). 
Data acquisition is accomplished by a Solarton "data logger", Orion D type, 
coupled with an eight channels graphic Multi recorder Watanabe System. 
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3. STEADY-STATE REFERENCE CONDITIONS 

In order to establish the reference conditions for the transients analysis, an 
experimental set of steady-state crit ical heat flux tests has been carried 
out. 
The pressure ranges between 1.25 MPa (corrisponding to 8.0 MPa for water), and 
2.75 MPa (corri spondi ng to 16.2 MPa for .water), whilst the mass flowrate 
ranges between 400 kg/sia and 1600 kg/sm . The inlet subcooling has been 
varied between 23 and 0°C. 
As far as the prediction of experimental data is concerned, not so many 
correlations for Refrigerant-12 are available in scientific literature /ll/, 
whilst the Ahmed criterion for the employ of water critical heat flux 
correlations is not of immediate application. 
A correlation proposed by M. Silvestri for Refrigerant-12 /12/ and modified by 
Cumo, Ferrari and Urbani /13/ has been adopted with a further improvement 
concerning the influence of pressure. The correlation is the following: 

being _ .4 14 

k- ac (_i - 0 * » 

The comparison between experimental and computed data, plotted in fig. 2, 
shows a good agreement, well within a +_ 10» band from correlation (1) line 
(96% of experimental data). 

4. EXPERIMENTAL RESULTS AND DATA ANALYSIS 

4.1 Flow Rate Transients Experiments 

The influence of five parameters has been testec in the mass flowrate 
transient experiments: the inlet pressure, P, the w^ll heat flux, q", the 
Initial specific mass flowrate, G , the half-flow decay times, t., and the 
test section heated length, L. 
The transient test matrix is the following: 
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P IMPal 1.2; 1.5; 2.0; 2.75 
q" |W/m | ranging between 32000 and 85000 
G |kg/s m | 1000; 1250; 1470 
t Is| 0.4; 1.0; 2.0; 3.0; 4.0; 5.0; 7.0; 10.0 
L |m| 2.3; 1.18 

Concerning the "short" test section, the runs have been performed for all the 
values of t. and q", but only for G =1470 kg/s m and p = 2.0 MPa. 
A 470 data set has been carried out, together with an additional number of 
repeated tests to check the behaviour reproducibility of both the apparatus 
and the phenomenon. According to the mentioned scaling laws, PWRs and BWRs 
reference pressures (16.5 and 7.0 MPa) are simulated by 2.75 MPa and 1.2 MPa 
respectively. The flow transients have been, all performed at constant (and 
uniform) heat flux in the test section and constant inlet pressure and 
temperature. Decay curves of the inlet mass flowrate are well approximated by 
the following characteristic function: 

« o . f (2) 
G 1 + pexp(«t) 

A typical representation of the recorded graphs is drawn in fig. 3, for the 
"long" test section (L = 2300 mm): a characteristic fast transient is shown 
together with an intermediate and a slow one. The recorded magnitudes are the 
inlet mass flowrate, G. , the inlet pressure, p. , and the outlet wall 
temperature, T . The onset of departure from nucleate boiling is detected by 
the first indication of the temperature increase of the outlet test section 
wall. At the crisis instant the reference mass flowrate (i.e. the inlet value) 
is recorded as well. 

Concerning the outlet mass flowrate, G , and the outlet steam quality, X , 
calculated trends are plotted in fig. 3U. 
Before presenting experimental Hata, it is necessary to introduce a parameter 
which will be widely employed in data analysis: we define "time transit 
parameter" the expression 

*t * ?foL/6o (3) 

being G and f. evaluated at the steady-state, inlet conditions just before 
the transient. 
It can be regarded as the time required by the inlet liquid to get out the 
test section setting the heat flux equal to zero (adiabatic conditions). 
Considering now the ratio between the half-flow decay time, t. , and the time 
transit parameter, t : 
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the experimental data analysis should be less dependent on experimental loop 
characteristics; the parameter x' will be employed also to characterize the 
transient quickness. 
The experimental data are finally reported in fig. 4 (L = 2300 mm heated 
length), where the ratio between transient critical mass flowrate, ^rwF^tr' 
and the steady-state one, (GCHp) » is plotted versus the transient time 
parameter, T', for different pressures, heat fluxes and inlet mass flowrates. 
(Gc _) can be calculated by means of correlation (1). 
In fig. 5 a comparison between the long test section data and the short ones 
is drawn, for 6 = 1470 kg/s m and P = 2.0 MPa. 
The experimental time interval between the beginning of the transient and the 

been compared in fig. 6 with those computed, (tCHfr) alc. considering the 
crisis occurring when the inlet mass flowrate becomes equal to the 
steady-state corresponding one. 

From the analysis of the data shown in figs. 3, 4 and 5 some conclusions and 
comments may be derived. First of all, it clearly appears the complete 
inadequacy of steady-state critical heat flux correlations in predicting the 
fast transient situations. Nevertheless, it is possible to define the validity 
limit of the steady-state approach. It seems to be individuated by a value of 
the transient time parameter, X', approximately equal to 8, considering the 
whole range of the investigated parameters. For T ' greater than 8 (slow 
transients) the steady-state approach gives a good agreement in the transient 
analysis, within, of course, the accuracy of the employed correlations; for 
X ' less than 8 the inadequacy of the steady-state increases with a decrease 
in X'. Anyway, although such inadequacy is conservative, the low degree of 
approximation is obviously unacceptable even for screening calculations. 
As far as the influence of the investigated parameters on experimental data is 
concerned, the following experimental evidences stand out: 
- the system pressure, p, is only slightly affecting the transient critical 
mass flow, f G C H F ) t » versus and towards the higher pressures; 

- the inlet mass flowrate influence on the (G. u c). trend seems to be quite 
. ,, ... Lnr tr 

negligible; 
- the heat flux, i.e. the margin ùq" to the static curve, seems to influence 
the transient behaviour only for x* less than two, whilst beyond this limit 
no appreciable influence can be observed; 

- the flow transient is not affected by the test section heated length: CHF 
occurs for the same value of the ratio (6 r u r). /(Grue) , being (GrwF) 
depending on the channel length; """ tr LHh " U 

- finally, the main parameter affecting the transient behaviour is the 
transient parameter, %', as it is well evidenced in the graphs of fig. 4. 
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Bearing in mind the above mentioned limitations in the steady-state approach 
and the experimental evidences underlined, an attempt to propose, limitedly to 
the ranges of the explored parameters, the formulation of a simple transient 
critical heat flux design correlation enabling to calculate the time to 
critical heat flux, has been made. 
Starting from the steady-state critical mass flowrate (by means of a reliable 
correlation, e.g. the proposed correlation (1) in our case) the transient 
critical value can be expressed in terms of initial conditions by: 

(GCHF}tr 

«Wss 
1 - exp -.87(lt)"-57( X')*54(q"/qJHF s s ) Z ' 8 / t ' | (5) ] 

In correlation (5): 
- qM is the imposed heat flux; 
- q" is the critical heat flux corresponding, in a steady-state 
situation, to the inlet mass flowrate before the onset of the transient. 

- (GCHF) is the specific mass flowrate which give place to the steady-state 
thermal crisis with the imposed heat flux, q". 

Both qj! _ and (GfHfr) can be calculated by means of correlation (1). 
Correlation (5), coupled with the inlet mass flowrate decay law (eq.(2)), 
gives a two-unknowns two equations system, which enables the prediction of the 
time-to-crisis, with the inlet mass flowrate at the time in which CHF occurs. 
The comparison between experimental and computed data for the time-to-crisis 
is shown in figs. 7 and 8. The agreement is good, being 86% of experimental 
data within a + 20% band from correlation (5) line. 

4.2 Pressure "iransients Experiments 

Four parameters have been varied in the pressure transient tests: the inlet 
pressure, p, the wall heat flux, q", the inlet specific mass flowrate, G, and 
the depressurization rate, dp/dt. The transient test matrix is the following: 

p |MPa| 1.2; 1.5; 2.0; 2.75 
q" IW/cm 1 from 2.8 to 8.9 
G Ikg/sm | 1000; 1250; 1470 
dp/dt |MPa/s| from 0.05 to 0.9 

It must be observed that dp/dt is calculated at the beginning of the transient 
(t * 0). 
Consequently to the depressurization in the test section, being the inlet 
temperature kept constant during the experiment, the inlet subcooling, 
starting from the initial value of 23CC, decreases towards the saturation 
condition. 
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260 tests have been carried out, together with an additional number of 
repeated runs to check the behaviour reproducibility of both the experimental 
apparatus and the phenomenon. 
Pressure transients have been all performed at constant (and uniform) heat. 
power supply to the test section and constant inlet mass flowrate and 
temperature. 
Decay curves of the pressure are well approximated by the following function: 

P(t) = P., + (P Q- P^ ) exp (-t/T ) (6) 

where 

- P,o is the asymptotic value of the pressure at the end of the transient; 
- P is the pressure before the transient; 
- t is the depressurization time constant. 

A typical representation of the recorded graphs is drawn in fig. 9, where a 
characteristic fast transient is shown together with an intermediate and a 
slow ones. The recorded magnitudes are the outlet pressure, p and the outlet 
wall temperature, T ; thermal power and inlet mass flowrate are kept constant 
during the experiment. 
In fig. 9 the theoretical critical heat flux (correlation (1)) has been also 
plotted as a function of istantaneous conditions, pressure and inlet 
subcooling. 
The critical heat flux condition is detected by the first indication of a 
wall temperature increase at the outlet of the test section. 
Comparing the theoretical critical heat flux with that supplied to the test 
section, thermal crisis conditions should not occur. That is true also taking 
into account the error linked to the CHF prediction. 
In spite of such considerations an unexpected critical heat flux condition 
occurs, following the beginning of the transient. The crisis can be defined 
"self-quenching", because after a typical time the wall rewets if q" _ is 
still greater than the applied value. 
The time-to-crisis, such as the maximum temperature excursion and the 
rewetting time depend primarily on the depressurization rate and on the 
thermal power applied (initial margin to the crisis), but also appreciably on 
initial pressure and mass flowrate. 
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The unexpected crisis is verified for almost all experimental tests. The only 
exceptions (expected CHF conditions) are represented by those few cases in 
which, because of either high depressurization rates or high values of the 
applied thermal power (i.e. low margin to the crisis), the heat flux to the 
test section exceeds the critical one. 

From the analysis of fig. 9 and from the experimental results, further 
considerations must be made to attempt an explanation of the unexpected 
occurring of the crisis. 
Close to the exit of the test section (as for a long extension of the channel) 
the fluid is in a saturated state. So a depressurization will give place to a 
quick temperature adjustment in the fluid, according to the saturation curve, 
whilst the wall temperature will undergo a slow adjustment, compared to the 
fluid. The temperature difference between the wall and the fluid turns out to 
be greater than the steady-state one. Considering that the heat transfer 
coefficient remains practically constant up to the crisis, the temporary 
greater temperature difference will give place to a transient heat flux to be 
added to the imposed one. 

Considering a heat transfer surface element (unit of area), the mass of metal 
related to the element is given by: 

j / " WRì-«?,/a,i <7) 

Neglecting (with a good approximation) the thermal gradient along the test 
section axis, the local heat flux is given by: 

i- it i-«t*<t;-»[v t ,-w t )] (81 

where: 

- q*' is the heat flux due to the wall thermal capacity; 

- q" is the applied, constant heat flux. 

The expression of q" is given by: 
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•&--v*vV5t> (8,) 

Eq. (8) can be rewritten as: 

j / V ' V * ' •<-» [T„(t> - W»] (9) 

According to Weisman and Kang /14/ , the flow pattern at the exit of the 
channel, before the transient, and for a considerable extension downwards, is 
annular. Consequently, from the beginning of the transient up to the crisis, 
the heat transfer coefficient, h, can be considered constant with a good 
approximation. Employing a mean value, the maximum error is less than 4%. 
Setting: 

r = p s* c /h do) 
* w p 

T(t) = T ( t ) - T (11) 
w wo 

u(t) '- T . ( t ) - T (12) 
sat sat.o 

and being 

we get 

q = h (T - T . ) (13) 
^a wo sat,o 

t ( 7 ) T / 2 t ) = u - T 114) 

Remembering eq. (6) we can write: 

Te-t^J * T<a* + ( Tc*t n - Tcat > e*P ( - t / r r ) (15) 
sat sat,« sat,o sat,«o p 

Then we have: 

u(t) = AT[exp(-t/r ) - l l (16) 

AT = T - T . 
sat,o sat,«o 
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Solving eq. (14) and bearing in mind that: 

q"(t) - h[yt) - Tsat(t)] - h (T - u) + q"a. q" t c + q"a ( 1 7 ) 

we get the expression of the total (actual) heat flux during the pressure 
transient and, consequently, of the heat flux due to the wall thermal 
capacity, qj.^. 
""" pressi on 

q"c(t) = h^AT^exp(-t/t p) - exp(-t/t )J/(rp - t ) (18) 

The expression of q" is: 

The total heat flux q"(t) = q" + q is plotted in fig. 10 versus time for 
two typical tests. 
Experimental data are also reported together with the theoretical critical 
heat flux computed by means of correlation (1). 
Both q" and experimental data are obtained employing the Schrock 4 Grossman 
correlation /15/ for heat transfer coefficient prediction in annular flow, 
modified, on the basis of a previous original ENEA data-set with R-12 /10/. 
r>.,m fig. 10, it appears that the total (actual) heat flux exceeds the 
critical value because of the effect of the thermal capacity of the wall. 
Experimental data confirm with an appreciable agreement the theoretical 
prediction of q"(t). 
Thermal crisis occurs with a delay from the theoretically predicted time 
(steady-state approach), that is typical of CHF in fast transient situations. 
The theoretical value is obtained imposing: 

q-(t) - q"mF 

So, from data analysis, the pressure transient can be seen as a power 
transient (generally quick), the excursion of which, depending, for a fixed 
geometry, on the depressurization rate, can cause the occurring of thermal 
crisis if the applied initial thermal power is sufficient. 
Obviously, the computed curve of q"(t) - eq. (18) - holds up to the onset of 
CHF; after that h cannot be longer considered constant (h drops to a very low 
value), and the axial conduction cannot be neglected. 
As far as the time-to-crisis is concerned, it depends in a very complex way on 
tiie various pararne*^rs investigated. An empirical correlation is presented for 
its prediction: 
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V , ... xW / . " J" v- t t5, p, N4.1 wwMararejwi •-
The comparison between experimental d^ta and predictions is reported in fig. 
11: the agreement is within a +_ 30% band from correlation (19) line. The 
precision is considered acceptable because of the high complexity in the 
dependence of truc on a lot of measured parameters. 

4.3 Power Transients Experiments 

During the power transients performed as step-wise heat flux increase to the 
test section, four parameters have been varied: the pressure, p, the specific 
mass flowrate, G, the thermal power given to the fluid before the transient, 
W , and the thermal power given to the fluid at the end of the transient, Weo. 
The test matrix can be summarized as follows: 

p |MPa| 1.2; 1.5; 2.0; 2.75 
G IKg/sm | 1000; 1250; 1470 

Concerning the initial value of the thermal power, W , three value of W below 
the steady-state thermal crisis power, W- _ linked to p and G, have been 
chosen. The three values of W have been fixed so that the difference between 
W- _ and W (margin to the crisis, M) was always, respectively, equal to 0.5, 
O and 1.9 KW. 
Similarly for W*, , the four values have been chosen so that the difference 
between W^, and W_ _ (excess to the crisis, E) was always, respectively, equal 
to 0.2, 0.5, 0.1 and 2.0 KW. 
The inlet subcooling, A T . , is kept constant and equal to 23CC. 
With the aim of analysing the influence of A T . on the transient CHF, two 
sets of runs have been carried out at a pressure of 20.0 bar, with specific 
mass flowrates so that the steady-state thermal crisis power, W. F? was equal 
to that corresponding to the same pressure and G = 1000 Kg/sm . Ke got 
respectively G = 745 Kg/sm with A T K » 40°C, and G = 1425 Kg/sm with 

Really the thermal power given to the test section during the transient is not 
a step-wise increase; the power trend shows smoothings linked to the time 
constants typical of the electric feeding system. 
The time-dependent expression of the thermal power given to the test section 
during the transient, W(t), is approximable by: 
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via). < •££ frt»-»o[(«.*t«0*,tA •* W) *,l 1 
with . . 

(20) 

where A, = -6 and A = -14 are characteristic values of the electric 
feeding system and have Been obtained, by means of a "best-fit" procedure 
through the experimental values (measured) of the thermal power, W(t). 
During the power transient, to ootain the actual value of the thermal power 
given to the fluid, Wf, respect to that given to the test section, W, we have 
to take into account the thermal power absorbed by the metallic wall of the 
test channel (thermal capacity of the test section). 
In mathematical terms (mono-dimensional approach): 

where p, c and V represent, respectively, the density, the specific heat and 
the volumepof the metal (stainless steel); T is the weighted ave. e ê 
temperature of the test channel. 
The thermal power given to the fluid, W , can be also expressed as 

Wf(t) = h S [ y t ) - T b] (22) 

being 

h the space and time weighted average heat transfer coeff ic ient along the 
test section; 

S wa l l / f lu id heat transfer surface; 

Tfa average bulk f l u i d temperature (pract ical ly close to the saturation). 

The value of h has been computed by means of the computer code TR1M-12 /13/ . 
From eqs. (21) and (22) one gets the d i f fe rent ia l equation 
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wCO=ks[TwM-TkW^vV. _ 3 

which, resolved in T (t), enables the computation of Wf(t) either by eq. (21) 
or «o. (22). " 

A typical representation of some recorded and computed magnitudes during the 
test is sketched in fig. 12. The theoretical steady-state thermal crisis 
power, W_ , is computed by eq. (1), and depends on p, G and AT . which are 
kept constant during the test. The thermal power given to the fluid, Wf, is 
computed by the above mentioned method: the time at which W.(t) crosses W_ _ 
curve is the theoretical time-to-crisis predictable by the steady-state 
approach. 

The critical heat flux condition is detected by the first indication of a 
quick wall temperature increase at the outlet of the test section. In fact, a 
slight increase of the wall temperatures is recorded soon after the beginning 
of the transient because of the thermal capacity of the wall. 
As already and briefly said, the simplest approach in predicting the 
time-to-crisis, t_ _, is the steady-state one.-
Generally /7,8/ this approach tends to underestimate experimental data, even 
though the error is conservative in terms of safety considerations. The 
tentative performed with present experimental data is shown in fig. 13, where 
the transient, experimental time-to-crisis, (t r H F). , is compared to the value 
yelded by the steady-state approach, (t-HF) : it confirms the underestimation 
of experimental data. The error tends to decrease for times to crisis small. 
This happens, generally, when the initial thermal power, W , is very close to 
the steady-state critical value, VL _ (margin to the crisis, M, very low): the 
time-to-crisis is then small ancT independent from the final value of the 
thermal power, W ^ (excess to the thermal crisis E). A threshold above which 
the steady-state approach can be employed with appreciable results is given by 
E/M equal to 3. 

Concerning the time-to-crisis prediction, we have tried to correlate the 
dimensioni ess term: 

* ' ^tohr'"^*^' *àtW/l?fo (24) 

with the investigated parameters. These latters are generally grouped in 
dimensionless terms IMI 

(Ì,/ÓX) ; (£/&\), (AHi,A) > (o"ft./**L) 

being A the latent heat of vaporization and xf the surface tension. 
M/G^ and E/GA may be regarded as particular expressions of the Boiling 
number. 
The general correlation has the form 
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^• ' (af téf^fcsf (25) 

A bes t - f i t procedure through a l l the experimental data y ie lds : 
K = 2.69: d. = 0.52; <X*. = -0.47; °C = 0.24; 0/ = 0.14. 

\ c. £ 4 

The comoarison of experimental data of t* with the predictions given by 
correlation (25) is plotted in fig. 14, and the agreement is within the 
accuracy of experiments. Most data lie within a +_ 30» band from correlation 
(25) line. 
As far as the transient, t ime-to-cr is is ( t r u c ) . is concerned, i t can be 

. . . . . Lrlr t r 
predicted by: 

( tCHF }tr = (tCHF)ss + t n t ( 2 6 ) 

In f i g . 15 is reported the comparison between experimental and computed 
t i raes-to-cr is is. The agreement is quite sat is factory, being most data within 
a +_ 20% band from correlation (26) l i ne . 

5. CONCLUSIONS 

An experimental investigation on c r i t i c a l heat f lux behavium du mg flowrate 
(exponential decrease), pressure (exponential decrease) and power (step-wise 
increase) transients occurring separately, is presented. 
Data analysis has revealed the general inadequacy of the steady-state ( in le t 
conditions) app.oach in predicting the t ime- to-cr is is following the 
transients. Where possible, the va l id i t y bounds of the steady-state CHF 
correlations have been pointed out. 
Thermal crisis during transients is generally a delayed phenomenon with 
respect to the steady-state predictions so that the latters may be seen as 
conservative evaluations from a safety viewpoint. 
Pressure transients are characterized by the occurring of an "unexpected" CHF 
condition, even though the applied heat flux is well below the steady-state 
critical value. 
A transient theoretical analysis involving the wall thermal capacity enables 
tc explain the "unexpected" crisis and gives a good agreement with 
experimental results. 
A design correlation for the prediction of t ime- to-cr is is re la t ive ly to each 
kind of transient is proposed. 
The agreement of the proposed correlations with experimental data is generally 
wi thin the experimental accuracy. 
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NOMENCLATURE 

a parameter defined in eq. (1) 
a „ a_ parameters defined in eq. (20) 
b parameter defined in eq. (1) 
b., b„ parameters defined in eq.(20) 
c specific heat at constant pressure 
D diameter 
E excess to the thermal crisis 
G specific mass flowrate 
h heat transfer coefficient 
H, AH specific enthalpy, specific enthalpy difference 
K constant in eq. (25) 
L test section length 
M margin to the thermal crisis 
p pressure 
q" surface heat flux 
R radius 
s* equivalent thickness 
S wall/fluid heat transfer surface 
t time 
t* dimensionless group defined in eq. (24) 
T, A T temperature, temperature difference 
u variable defined in eq. (12) 
V volume 
X steam quality 
W thermal power 

GREEK LETTERS 

* parameter defined in eq. (2) 
* . , * , « £ , < * . constants in eq. (25) 
ft parameter defined 1n eq. (2) 
f parameter defined in eq. (2) 
r mass flowrate 
^ latent heat of vaporization 
Xy X? parameters defined in eq. (20) 
It reduced pressure 
J density 
0* surface tension 
X time constant 
V dimensionless parameter defined in eq. (4) 
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SUBSCRIPTS 

a applied 
b bulk 
cale calculated 
CHF thermal crisis conditions 
cr thermodynamic critical condition 
e external 
exp experimental 
f l i qu id phase 
g gas phase 
h hal f - f low 
i inner 
in i n l e t 
m metal 
o referred to the si tuat ion before the transient 
out outlet 
p referred to the pressure 
sat saturated 
ss steady-state 
sub subcooled 
t transit 
tc thermal capacity 
th theoretical 
tr transient 
w wall 
co referred to the situation at the end of the transient 
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means of correlation (1). 



Fig. 3 - Typical representation of experimental and calculated magnitudes during the transients. 
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Fig. 12 - Typical trends of the recorded and computed magnitudes. 
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Fig.13 - Time-to-crisls prediction by the steady-state approach. 
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