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Abstract-The present study deals with the critical heat flux (CHF) in the conditions that the fluid fed to 
heated tubes is subcooled (including saturated liquid in the extreme situation) with no entrained vapor. 
To start with, postulating that there is a state where the hydrodynamic condition is responsible for CHF, 
a theoretical presumption for the generalized correlation equation of CHF is attempted with the aid of 
vectorial dimensional analysis. Then, thi3 experimental data of CHF obtained from the literature for fluids 
of seven different kinds are analyzed, revealing the existence of four characteristic regimes of CHF, called 
L-. H-. N-. and HP-regime in this paper, and leading to the development of the generalized correlation of 

CHF data as well as that of CHF-regime correlation. 
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NOMENCLATURE 

I.D. of heated tube [m] ; 
mass velocity [kg/m%] ; 
latent heat of evaporation [J/kg] ; 
enthalpy of inlet subcooling [J/kg] ; 
parameter for the effect of inlet 
subcooling, equation (20); 
length of heated tube [m] ; 
absolute pressure, Figs. 5-14 
and 16-18 [bar] ; 
critical heat flux [W/m”]; 
qc, for AHi = 0 [W/m21 ; 
inlet velocity [m/s]. 

Greek symbols 

P, viscosity [Ns/m2] ; 

PI9 density of liquid [kg/m’] ; 

P “9 density of vapor [kg/m”] ; 
6, surface tension p/m] ; 

x I?.=, exit quality. 

1. INTRODUCTION 

MANY studies have been made on the critical heat 
flux (CHF) or burnout for the forced convection 
boiling in vertical uniformly heated round tubes 
[l-4]. In the present paper, the discussion will be 
restricted to conditions where the fluid fed to the 
heated tube is subcooled with no entrained vapor 
(including the state of saturated liquid in the limit), 
and the flow is stable with no oscillations. Up to 
now, for such conditions as mentioned above, a lot 
of experimental data of CHF of water have been 
collected, and many empirical correlation for water 
have been developed by Tong et al. [S], Thompson 
and Macbeth [6], Bertoletti et al. [7], Tong [8], 
Hewitt et al. [9], Becker et al. [lo], Bowring [ll], 
and others. On the other hand, to make it possible to 
investigate CHF in nuclear reactors by employing 
model fluids such as Freons, the study of CHF 

modelling has been made by Barnett [12], Ahmad 
[13], etc., based on dimensionless analysis of the 
problem, and by Stevens and Kirby [14], Dix [lS], 
etc., in pursuit of empirical scaling factors. Theoreti- 
cal analyses of CHF have also been made by 
Whalley et al. [16], Thorgerson et al. [17], etc., 
evaluating the basic mechanisms of CHF. In ad- 
dition, it should be noted that about twenty years 
ago, dimensional analyses of fundamental equations 
of two phase flow were made for the study of CHF 
independently by Zenkevich [18] and Griffith [19]. 
However, in spite of the effort mentioned above, the 
generalized correlation capable of predicting CHF 
for any arbitrary fluid, mass velocity, tube diameter 
and length has not yet been developed, and the 
present paper will report the result obtained in an 
attempt to derive a simple but dimensionless cor- 
relation of CHF. 

2. A CLUE FOR ANALYZING 
DATA OF CHF 

Considering only simple boiling systems of satu- 
rated liquid for the present, and postulating that the 
hydrodynamic condition of two-phase vapor-liquid 
flow is responsible for the occurrence of CHF, it may 
be assumed that the superficial vapor velocity 
q,,,/pvH,.e at the critical heat flux of qCo is governed 
by the velocity of liquid u, the length of heated 
surface 1, the densities p! and pv relating to the 
inertia, the surface tension of interface Q, the 
viscosities pI and ,uu relating to the viscous force, and 
the gravitational force g(pl--p,) relating to the 
buoyancy. In this case, applying the dimensional 
analysis, it yields 

If it is further assumed that the effect of viscous force 
1527 
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on CHF is ne~igibly small, equation (1) is simplified 
to 

---$$ =f($--+ g’p;,r~“). (2) 

In the case of pool boiling, tl can be eliminated 
from dimensionless groups in equation (2) to give 

qco ‘c W(P,-P”) 1’4 
P”~~~l A 1 [ 

=f ?$J@~;Qz~. (3f 

As is well known, except the case of very small I (cf. 
[20]), the dimensionless group g(P,-pJl’/a in 
equation (3) has no effects on qco, when equation (3) 
agrees with the form of CHF correlation equation 
obtained by Zuber [21] or Kutateladze [22]. 

On the other hand, in the case of forced 
convection boiling, g can be eliminated from equa- 
tion (2) to give i~ediately 

(4) 

The form of ~uation (4) is in accord with those 
correlations obtained experimentally by Lienhard 
and Eichhorn [23] on heated cylinders in a cross 
flow, by Monde and Katto [24] on heated disks 
supplied with a liquid though a small impinging jet, 
and by Katto and Ishii [25] on rectangular heated 
surfaces supplied with a saturated liquid through a 
plane jet. For use afterward in the present paper, the 
above mentions correlation of Katto and Ishii [25] 
is noted here as: 

5!?$ = 0.0164(~~~8h7(~)i’3 (5) 

where u is the inlet velocity of Iiquid to the heated 
surface and I is the length of heated surface measured 
in the direction of forced flow. 

Now, a more detailed analysis will be applied to 
equations (3) and (4) through the vectorial dimen- 
sional analysis. For the infinitesimal wave motion of 
an interface between the vapor and liquid flowing 
perpendicularly to gravity, such as illustrated in Fig. 1, 
the surface tension d and the gravitational acceleration 
g exert their influence upon the fluid motion through 
changing the local pressure of fluid. Then, if Cartesian 
coordinates X, y, and z are taken as shown in Fig. 1, it is 
readily found from the well-known hydr~ynamic 
theoryofthewavemotion[26]thataandgshouldhave 

X 

_._----a 9 
- vapor flow 

FIG. 1. Infi~iteslmal wave motion of a liquid-vapor 
interface. 

the following dimensions: 

where mass M, time 0, and length L (whose 
subscripts represent x, y, and z-axis respectively) are 
fundamental ~mensions. In the meanwhile, if the 
direction of gravity is parallel to the liquid-vapor 
interface, as shown by a broken line of g in Fig. 1, g 
is independent of the wave motion so that it has the 
ordinary dimension [g] = L,/02, which is the same 
as that given in equation (6). In other words, 
equation (6) can apply in either case of the direction 
of g mentioned above. 

Figure 2(a) and (b) show the pool boiling on a 
horizontal and a vertical heated surface respectively. 
In both cases, however, equation (6) can equally 
apply to the liquid-vapor interface that is made very 
close to the heated surface by the vapor effusing 
perpendicularly from the heated surface, and besides, 
it is obvious that [qco] = H/BL,L,, [H,,] = H/M, 
[p] = M/L,L,L, with the fundamental dimension of 
heat H, so that we obtain 

The result of equation (7) means that equation (3) is 
truly dimensionless for both boiling systems of Fig. 
2(a) and (b) provided the horizontal surfaces of 
extremely small size as well as the very long vertical 
surfaces are excluded. 

Next, Fig. 2(c) shows the forced convection boiling 
where a liquid is fed to a heated surface of length f 
with the inlet velocity of u parallel to the heated 
surface. Taking into consideration that for the 
liquid-vapor interface that is made very close to the 
heated surface by the vapor effusing perpendicularly 

(al CbJ (cl 

Fic.2. Thr~kindsoffundamcntalboilingsystems: (a)pool boilingona hor~ontalsurface,(b)~ol~~~gon 
a vertical surface, and (c) forced convection boiling on a flat surface. 
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from the heated surface, CT has the ~men~on given in 
equation f6), and [qco] = H/$IL,L,, [If,,] = H/M, 
[p] = M/L,L,,L,, [u] = Lx/B, and [fl = L,, it yields 
readily 

The result of equation (8) means that in order for 
equation (4) to be truly dimensionless, it should take 

the fom of q,,/p$ff,u =f(pd~,) WP$~~“~, which 
is nothing but the form of those correlations 
ex~~mentalIy obtained in [24] and [25], such as 
that given in equation (5). As for the correlation 
obtained by Lienhard and Eichhorn [23], which has 
a slightly different form from above, it should be 
noted that the vectorial conditions of this boiling 
system are not so simple as that of Fig. 2(c). 

The above results, given for Fig. 2(a), (b) and (c), 
may be regarded to show that the vectorial dimen- 
sional analysis is not useless for the analysis of CHF 
in the case of simple boiling systems at least. 

Now, let us consider a uniformly heated round 
tube of internal diameter d and heated length 1, to 
which a saturated liquid with no entrained vapor is 

x 

PI d 

FIG. 3. A uniformly heated tuba in the limit as d-0. 

fed with the inlet velocity u. In this case, if the limit 
as d-tco is assumed, the hydrodynamic state is the 
same as that of Fig. 2(c), so that there is a possibility 
of obtaining a correlation of CHF similar to 
equation (5). On the other hand, for the limit as d 
-0, it may be presumed that due to the accumu- 
lation of vapor in the tube, CHF occurs in such the 
state as ill~trat~ in Fig. 3, and the liquid-va~r 
interface parallel to the heated surface is responsible 
for the occurrence of CHF ; for which the vectorical 
dimensional analysis yields 

4ro 

[ 1 L - = 2, and 
u 

~vH/cu Lx [ 1 pluzl =l* (9) 

In this case, therefore, the truly dimensionless 
correlation is assumed to take the following form: 

Itisofinter~t~ono~etha~~heLHS~e~of~uation(lO) 
multiplied by p,/p, is a quantity proportional to the 
quality x+,, at the tube exit. Then, trying to invent those 
correlations which take the form of equation (5) as d 
-, co and that of equation (10) as d ---* 0, the following 
equation is found to be one of the equations satisfying 
the above conditions: 

where G = p,u, that indicates the mass velocity 
through the tube because of the premise that 
saturated liquid is fed to the tube with the velocity of 
u. 
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FIG. 4. Relationship between qr and AH, (type. A found in 
L-, H-, and HP-regime; type B in N-regime, and type C in 

VL-regime). 

3. ANALYSIS OF q&-DATA ~-REG~) 

In order to test the validity of equation (ll), an 
analysis is attempted by using the esperimental data 
of qco which can be obtained in the following way. 
When the inlet subcooling AH, changes in an 
experiment keeping the other conditions constant, 
the relationship between the critical heat flux qc and 
the inlet subcooling enthalpy AHi is linear in many 
cases as illustrated by type A in Fig. 4 but 
occasionally has the curvature such as illustrated by 
type B or C in Fig. 4 depending on the conditions. In 
any case, however, if there are enough data of qr 
-AHi to permit the extra~lation as AHi-+ qEO 
can be determined with accuracy. In the present 
analysis, qco is thus determined from the data 
compiled or presented by Thomson and Macbeth 
(Tables l-10) [6], Becker et al. (data of inlet 
subcooling 10°C in Fig. 12) [lo], Waters et al. [27], 
Lowdermilk et al. (Table IV) [28], Chojnowski and 
Wilson (Fig. 3) [29], Lee and Obertelli [30], 
Matzner [31], Weatherhead [32], Bamett [33] and 
Hewitt et al. (Fig. 2.8) [34] for water; Stevens et al. 

[35, 361 for Freon-12; Dix (CHFx 10v4 should be 
replaced by CHF x lo- ’ in Tables of Appendix) [ 15 J 
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FIG. 6. Comparison of the prediction of equation (12) with the experimental data in H-regime. 

A correlation of critical heat flux in round tubes 

A Hz0 (~~38.6 ,l/d=40%154) C6 1 

0 R-114 (p=13.3, L/d = 70.7) 

0 R-114 (p=llb,L/d= 101) Cl51 ) 

6 R-I14 (p= 8.6,1/d=70~150) Cl51 1 

0 R-21 (p=13.7.1/d=77%316) C371 

v R-21 fP= 7.3,Lld=77%318) 1371 

for Freon-114; Barnett and Wood [37] for Freon- 
21; Lewis et al. [38] for liquid hydrogen and 
nitrogen; and Ogata and Sato [39] for liquid helium. 

Now, Fig. 5 shows some typical results obtained in 
the region of ap,/G’l = lo-’ to 10e3, indicating that 
there is a regime where the value of ordinate is 
determined as a function of l/d alone independently 
of the change of c~p,/G’l; and the data of qco 
belonging to this regime can be correlated fairly well 
by the following dimensionless equation: 

In Fig. 6, all the experimental data of q,,/GH,, in 
this regime got from the data source cited before are 
compared with the prediction of equation (12). 

Probably, it may be presumed that CHF in this 
regime is affected by the hydrodynamic instability 
conditions akin to those assumed in deriving 
equation (11). Accordingly, this regime will be called 
H-regime in this paper. As for the effect of inlet 
subcooling on CHF, the details of which will be 
described in Chapter 6, such a linear relationship as 
shown by the type A in Fig. 4 is found to be always 
established between qc and AH, in H-regime. 

4. ANALYSIS OF q,,-DATA 
(OTHER REGIMES) 

4.1. L-regime 
Figure 7 as well as a part of Fig. 5 shows typical 

results obtained in the region of ap,/GZI relatively 

1531 

higher than that of H-regime; and the data of qco 
belonging to this regime can be correlated fairly well 
by the following dimensionless equation: 

(lea lap, 
’ 0 043 1 

GHf, = o.25 \* J l/d 
(13) 

except Freons for which, as shown by broken lines in 
Fig. 5, equation (13) gives the prediction of qco 
higher than the experimental data as much as about 
1.36 times, so that the constant of 0.25 in equation 
(13) must be replaced by 0.34. The reason for this is 
unknown, but it may depend on the thermal 
decomposition of Freons on the dried heated surface. 
In Fig. 8, all the experimental data of q,,/GH,, in 
this regime which are obtained from the data sources 
cited in Chapter 3 are compared with the prediction 
of equation (13) (with the constant as 0.34 for 
Freons). 

It can be presumed that the dryout of an annular 
liquid-film flowing over the tube wall IS mainly 
responsible for CHF in this regime; because the 
main part of equation (13) excluding the term of very 
weak effect of ~~p,lG’l, that is qco/GHf, = 0.25/(1/d), 
is nothing but the condition corresponding to the 
complete exhaustion of liquid at the exit of the tube 
with the uniform heat flux of qeo. 

Since this regime has the mass velocity G less than 
that in H-regime, it is called L-regime in this paper. 
As for the effects of inlet subcooling, a linear 
relationship is found to be established between qc 
and AH, in L-regime (that is, the type A in Fig. 4). 
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A R-12 (P=10.7, t/6=76%337) [351 

7 R-21 (P= 7.3, t/d=307~318) 1373 

0 Llq.i-$( p=3.2\3.6, \/d=20%29) p81 

0 Llq.t$ (p=3.4\3.8. tjd =29) DKI 

-I 
5 

FIG. 8. Comparison of the prediction of equation (13) with the experimental data in L-regime. 

Supplementary note: VL-regime. When the mass 4.2. N-regime 
velocity G is further reduced to low levels so that the As shown in Fig. 10, when up,/G21 is reduced from 
inlet velocity of liquid is less than, say, 0.2-0.3m/s, the state of H-regime keeping f/d constant, the value 
and when the length of tube is considerably short, of ordinate tends to increase entering a new region 
there is a possibility of bringing about the deviation indicated by black symbols of data, where the non- 
from L-regime toward the regime where ordinary linear relationship of type B in Fig. 4 is found to 

0 20 40 60 80 

Q/d 

FIG. 9. Deviation from equation (13) in VL-regime. 

pool boiling exerts its influence on CHF. Figure 9 appear. The data of qco in this regime can be 
shows two examples of the deviation from L-regime correlated by the following dimensionless equation: 
found in the existing experimental data. Because of 
the very low mass velocity, this regime is called VL- qco 
regime in this paper. It should be stressed that when 

GH,, = 0.098 ($.“3 (5J’4331 $;;171id. 

the liquid fed to the tube is subcooled, the non-linear (14) 

relationship of type C in Fig. 4 appears in VL- Figure 11 shows the comparison of equation (14) with 
regime. all the experimental data of qeo in this regime, the 
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FIG. IO. Characteristics ofg,, m N-regime, 
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FIG. 11. Comparison of the prediction of equation (14) with the experimental data in N-regime. 

error being a little greater than those in other be presumed that a bubble layer flows parallel to the 
regimes. tube wall with a liquid core flowing at the center of 

This regime is characterized by the non-linear the tube when CHF appears due to the transition to 
relationship of type B in Fig. 4 between qc and AH,, the film boiling. 
so that it is called N-regime in this paper. Generally Such transitional data as those shown by blank, 
CHF takes place in this regime with low exit quality that is non-black, symbols lying in slant lines in Fig. 

in the neighborhood of zero, and accordingly it may 10 can be correlated by equation (14), but they are 
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0 $0 (p=140 , t./d=200) 001 

FIG. 12. Characteristics of qco in HP-regime. 
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FIG. 13. Comparison of the prediction of equation (15) with the experimental data in HP-regime. 

regarded as belonging to H-regime in the point that 4.3, HP-regime 
the linear relationship is established between q, and In the region of a&G21 less than that of H-regime, 
AHi. Accordingly, in the present paper, they have it is found that there is another regime where the 
been correlated by equation (12) of H-regime in linear relationship is established between qc and AHi, 
order to avoid the complexity. and at the same time, such characteristics as shown 
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FIG. 15. CHF-regime map. 

in Fig. 12 appear for CHF. The data of water only 
have been obtained in this regime, but they can be 
fairly well correlated by the foqowing dimensionless 
equation : 

& = 8.20(g’65($q’4s3 l+lo7(~~.54 ,. 
G'l ii 

(15) 

Figure 13 shows the comparison of equation (15) 
with all the experimental data of qco in this regime. 
As it has been pointed out by Becker et al. [lo], and 
as it will be clarified afterward in Section 5 of the 
present paper, this regime makes its appearance 
when the pressure is considerably high, so that this 
regime is called HP-regime in the present paper. It 
may be of interest to note here that the experimental 
data compiled by Thompson and Macbeth [6] 
includes those data belonging to HP-regime, which 
will be described afterward in Section 6.3. 

5. BOUNDARIES OF EACH REGIME 

In the existing circumstances of study, it is difficult 
to extend the discussion to the transition region 
which ought to lie between the principal regimes 
mentioned in Sections 3 and 4. Therefore, in the 
present paper, the boundary of each regime will be 
determined approximately by neglecting the tran- 
sition region as follows. 

First, by eliminating qco from equations (12) and 
(13), the boundary between L- and H-regime is 
determined as: 

I 1 

h = o.4(p”/p,)0J33 (~p,/G~l)~~~~ -0.0031 (16) 

where the constant 0.4 on the RHS is to be replaced 
by 0.29 for Freons. 

Next, for the boundary between H- and N-regime, 
if qEO is eliminated from equations (12) and (14). it 
yields 

1 1.077 

si = (r~p,/G~[)~.~~’ (17) 

but this does not correspond to the boundary itself 
as it can readily be seen in Fig. 10. Accordingly, the 
experimental data are classified into two groups 
depending on whether the linear relationship of qc 
-AHi holds or not, yielding the result of Fig. 14, 
where blank, that is non-black, symbols correspond 
to the experiments having the linear relationship of 
the type A in Fig. 4 while black symbols the non- 
linear relationship of the type B in Fig. 4. Then, from 
the slant boundary line obtained in Fig. 14. the H-N 
boundary is given as: 

1 0.77 

d = (c~p,/G~l)~-~” (18) 

Finally, by eliminating qco from equations (12) 
and (15), the boundary between H- and HP-regime 
is determined as : 

1 ~%P,/PA~.~” - (cp,/G21)- ‘.I2 

ii = 107(~~,/G~l)~.~~ -0.254 @Jp,)“.s” ’ (19) 

Boundaries of each regime based on equations 
(16), (18), and (19) are shown with p,/pl as the 
parameter in Fig. 15, where H-L boundary lines for 
Freons are slightly shifted toward right due to the 
change of a constant in equation (16) as shown by 
two examples for p,/pl = 0.000604 and 0.0481. 
According to Fig. 15, it is noted that as pJp, or the 
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FIG. 16. Correlation of the experimentat data of I(,. 

pressure increases, L-regime extends to the region of 
lower ~~~~G’~, while H-regime extends to the region 
of higher ap,/G*Z. In consequence of this change, H- 
regime narrows and it is seen that when pJp, 
= 0.325 (N.B. the corresponding pressure, 196 bar in 
the case of water for instance,% very near the critical 
pressure, 221 bar), H-regime is very narrow. On the 
other hand, the boundary between H- and N-regime 
is not affected by p,/p,. In addition, it should be 
noted that there is no transition between N- and 
HP-regime; that is, the transitions of H@N and 
H#HP alone can take place. 

6. EFFEa OF INLET 
SUBCOOLING ON CHF 

When the liquid is subcooled at the entrance of the 
tubes, and the linear relationship of qc-AHi (type A 
in Fig. 4) holds, one can write 

qE = qeo (1 +KAWH,,) (20) 

where K, that is a non-dimensional parameter 
independent of AH,/H,, can be determined from the 
gradient of the straight line A in Fig. 4. 

6.1. K in L-regime: KL 
Figure 16 shows K, obtained from the data of 

water and Freons ~longing to L-regime (N.B. K, 
cannot be obtained from the existing data of liquid 
nitrogen and hydrogen [38] because of the exper- 
imental range of AHj+O). From the mechanism of 
CHF mentioned in Section 4.1, it may be presumed 
that K L =+ 1 for L-regime ; and in fact, the mean value 
of all the data shown in Fig. 16 is found to be 

K, = 1.16 (21) 

though scattering of the value of K, is not small as 
seen in Fig. 16. 

6.2. K in H-regime: K, 
Figure 17 shows the correlation of K, obtained 

from all the data of water and Freons belonging to 
H-regime, and it is formulated as follows: 

for 3 x lop6 < ap,/G21, (22) 

As for Fig. 17, it may be noted that in the region of 
small ~~~/G’~, a few exceptiot$al data lie in the 
neighborhood of the broken fine, but future research 
will be required to clarify this ambiguous 
phenomenon. 

6.3. K in HP-regime: Km= 
Among the experimental data belonging to HP- 

regime, those of Chojnowski et al. [29] alone permit 
us to evaluate K,, directly from the gradient of 
linear relation of qc -AHi. The data compiled by 
Thompson and Macbeth (data* for l/d = 365 only in 
Tables 1 l-14) [6] and the data of Becker et al. (data 
of inlet subcoding 100°C in Fig. 12) [lo] are 
composed of the independent combinations of qr and 
ALSO,. For these data, therefore, KHP has been 
determined from equation (20) by employing the 
value of qco which is determined by equation (15). 
Figure 18 shows the correiation of K;,, thus 
obtained, and it is formulated as follows: 

*It is revealed by the d~s~~inat~on by means of Fig. 15 
that the data for t/d = 11.7.50.0, and 80.0 do not belong to 
HP-regime but to N-regime. 
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FIG. 18. Correlation of the experimental data of K,,, 

for apJG’l<ilx 10-‘, for H-regime, 
K,, = 0.664 (&,/i-t, )-O R 

for 4 x 10-a <op,/G’/, 
K,, = 3.08 (crp,/G21)0 oy(,9,,/[J,)-o 6. 

(23) 

6.4. EJect oj’inlet suhuoolirtg in N-regime 
For N-regime with the complexity of non-linear 

relationship for q,- AH,. there is insu~cient exper- 
imental data at present to produce cor- where K, is given by equation (22); and 

relations for the effect of inlet subcooling. for HP-regime, 

7. RELATION BETWEEN q, AND ikx 

For a uniformly heated tube, the heat fIux y, IS 
related to the exit quality xrX via the heat balance, 
thus, 

4q, .I AH, ----. - -...- = )! 
GHf,d Nre 

ex (24) 

El~minatlng AH,!H,, from equattons {ZO) and (24). 
and rearranging q,,,, by equations (IZ), (13). and (15) 
respectively, it yields 

for L-regime, 

(2.5) 

where the constant 0.25 is to be replaced by 0 34 for 
Freons, and K,. IS given by equation (2 1) ; and 

(76) 

(27) 

where K,, is given by equation (23 ). 
It should be stressed that equattons (25) to (27) 

can apply oniy to the range of x,x corresponding to 
the possible range of AH,/M,, through equation (24). 

8. CONCLUSIONS 

Regarding CHF for the forced convection boiling 
in vertical uniformly heated round tubes, the experi- 
mental data of CHF for water, Freon-12. Freon-21, 
Freon-l 14, liquid nitrogen, liqutd para-hydrogen and 
liquid herium 1 have been analyzed. As a result. 
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four regimes of CHF, called L-, H-, N-, and HP- 
regimes, have been classified, and employing the 
dimensionless groups of qJGH,,, pJp,, op,/G’I, l/d, 

and AH,IH,,, equations (12) to (15) have been 
obtained for the correlation of CHF at zero inlet 
subcooling, Fig. 15 for the boundaries of each 
regime, and equations (21)-(23) for the effect of 
inlet subcooling on CHF. 

It is hoped that through further testing against 
experiment, the above dimensionless correlation will 
be improved or modified in the future so as to 
predict CHF with much higher accuracy. 
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UNE FORMULATION GENERALE DU FLUX THERMIQUE CRITIQUE 
POUR L’EBULLITION EN CONVECTION FORCEE DANS DES TUBES 

CIRCULAIRES, VERTICAUX ET UNIFORMEMENT CHAUFFES 

R&um&-L’itude concerne le flux thermique critique (CHF) dans des conditions telles que le fluide 
attaquant les tubes est sous-refroidi (incluant le liquide saturb, en situation extreme) sans entrainement de 
vapeur. Postulant qu’il y a un etat oti la condition hydrodynamique est responsable du CHF, on essaie 
une equation de formulation getterale du CHF, a l’aide de l’analyse dimensionnelle vectorielle. On analyse 
ensuite les resultats experimentaux du CHF obtenus dans la bibliographie pour sept fluides differents, ce 
qui revele l’existence de quatre regimes caractiristiques, design&s par regimes L, H, N et H P et conduit 

au developpement d’une formulation getterale des donnees de CHF aussi bien que du regime de CHF. 

EINE VERALLGEMEINERTE BEZIEHUNG FUR DIE KRITISCHE 
WARMESTROMDICHTE BEIM SIEDEN MIT ERZWUNGENER KONVEKTION 

IN SENKRECHTEN, GLEICHFGRMIG BEHEIZTEN, RUNDEN ROHREN 

Zusammenfassung-Die vorliegende Arbeit befaBt sich mit der kritischen Wiirmestromdichte (KWSD) 
unter der Bedingung, daB das Fluid am Eintritt in die beheizten Rohre unterkiihlt ist (eingeschlossen ist 
als Extremfall gesattigte Flilssigkeit), ohne daI3 Dampf mitgefllhrt wird. Zu Anfang wird unter der 
Voraussetzung, daB es einen Zustand gibt, bei dem die hydrodynamischen Bedingungen fur die KWSD 
verantwortlich sind, eine theoretische Annahme fur die verallgemeinerte Korrelationsgleichung fur die 
KWSD mittels der vektoriellen Dimensionsanalyse gemacht. Dann werden experimentelle Daten fur die 
KWSD aus der Literatur fur sieben verschiedene Fluide analysiert, wobei die Existenz von vier 
charakteristischen Bereichen der KWSD offenbar wird, in dieser Arbeit L-, H-, N- und HP-Bereich 
genannt. Die Analyse fuhrt zur Entwicklung sowohl der verallgemeinerten Korrelation von 

KWSD-Daten als such der KWSD-Bereiche. 

OBOfiIIIEHHOE COOTHOUIEHME AJIJI KPMTMYECKOIO TEIIJIOBOI-0 HOTOKA I-IPM 
KMl-IEHMM B YCJIOBMIfX BbIHY)KflEHHOti KOHBEKLHIM B BEPTMKAJIbHbIX 

PABHOMEPHO HAl-PEBAEMblX KPYl-JIblX TPY6AX 

A~KIT~~~I~I---B pa6ore AccnenyeTca KpHTRveCKBfi TeunOBOk ITOTOK npn noaare B HarpaBaeMbIe 

Tpy6br HenOrpeTOii CBO60nHOfi OT npHMeCH llapa WtnKOCTH, B TOM 'IRCfle HaCbImeHHOfl XHnKOCTH, 

HaXOnflmegCa B 3KCTpeManbHblX yCnOBHRX. Ha OCHOBaHWH t-lpenuOnO~eHHR 0 TOM, YTO KpHTH- 

rec~riR Tennoeok noToK 0npenenneTcn rsnponmiaMmcor7 npouecca. npennpmiara nonbtTKa 06o6- 
lllHTbypaBHeHHeKpWTHYeCKOrOTe~nOBOrOnOTOKaC~OMOUIbK)BeKTOpHOrOaHanH3apa3MepHOCTe~. 

npOBeJleH aHanii3 B3IITbIX H3 JtHTepaTypbl 3KCuepHMeHTanbHblX naHHblX IlO KpHTW'leCKOMy TelTnO- 

B0~y noToKy nna ceMr4 pa3nWmbrx Tunoa abinKocTeii w noKa3aHo Hanwcle YeTbrpex xapaKTepHbtx 

~WC~~MOBK~HTI~~~CK~~~T~~I~OB~PO~I~T~K~,H~~B~HH~~~ BnaHHOfi pa6oTepewiMaMnL, H,NH HP. 
3TOTaHanH3naeT B03MOWCHOCTb0606lllWTbnaHHble IlO KpHTW'leCKOMy Te0nOBOMy uOTOKy,aTaKme 

uOnyWTb o6o6meHHoeCQOTHOmeHHe nnll pWQiMa KpHTW'leCKOrOTeunOBOrO uOTOKa. 


