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Abstract-The existing data of critical heat flux (CHF) on a disk heater cooled by a liquid jet have been 
analyzed, and a generalized correlation of the data is presented, covering the vapor-to-liquid density ratio 
p,/p, = 0.000624-O. 189 and disk-to-nozzle diameter ratio d/d, = 3.9-53.9. An empirical method is also 
presented to estimate the limit at which CHF begins to deviate from the normal state. Finally, it is shown 
that the system of a disk heater with an impinging jet has similarities in the character of CHF to the system 

of a heated cylinder in a cross flow. 

1. INTRODUCTION 

CRITICAL heat flux (CHF) on a disk heater cooled by 
an impinging jet, such as schematically illustrated in 
Fig. 1, is an important phenomenon, not only having 
a close relation to a means for heat removal of local 
high cooling rate but also having a potentiality to give 
us some fundamental information on the CHF mech- 
anism. The present study restricts consideration to a 
basic system, where the liquid droplets created by 
boiling at high heat fluxes (Fig. 1) do not return to 
the disk surface. 

Measurement of CHF in this jet-disk system began 
with water at atmospheric pressure in a narrow range 
of nozzle exit velocities u = 1.2-3.0 m s- ’ employing 
a disk heater of diameter d = 10 mm combined with 
nozzles of diameter dN = 0.7-1.6 mm [l]. Reference 
[2] subsequently measured CHF of water at atmo- 
spheric pressure over a very wide range of velocities 
u = 5.3-60.0 m s-’ for a square heater of 8 x 8 mm 
(that is equivalent to a disk heater of d = ,/(2 x 8’) 

(a) Cb) 

FIG. 1. A disk heater cooled by a liquid jet : (a) upward- 
facing disk system ; (b) downward-facing disk system. 

mm). Reference [3] then moved to more systematic 
experiments with water and R-l 13 at atmospheric 
pressure, extending the range of vapor-liquid density 
ratio to pv/p, = 0.000624-0.00495. Reference [4] car- 
ried out experiments with R-12 (0.6s2.79 MPa) as 
well as water and R-l 13, extending the experimental 
range of density ratio up to pV/p, = 0.000624-O. 189 at 
a stroke. 

Employing disks of diameter d < 25.5 mm, ref. [5] 
extended the range of diameter ratio to d/d, = 5.0- 
36.4, while Katsuta [6], and Katsuta and Kurose [7] 
carried out experiments of CHF for disks of d = 15- 
25 mm within a rather low velocity range of u = 0.5- 
3.8 m s- ‘. Meanwhile, ref. [8] improved on the exper- 
imental apparatus previously used in ref. [4] doubling 
the disk diameter, and performed experiments of CHF 
with water (O.l(M.57 MPa), R-l 13 (O.l(M.30 MPa), 
and R-12 (0.57-2.78 MPa). Reference [9] employed 
downward-facing large disk heaters of d = 40 and 
60 mm against nozzle diameters of dN = 1.141 mm 
(d/d,., = 9.654.1) for experiments of CHF of water 
and R-l 13 at atmospheric pressure in a range of 
u = 0.3-13.7 m s-’ including comparatively low 
velocities. Reference [lo], employing the same ex- 
perimental apparatus as that of ref. [8], made exper- 
iments of CHF for disk heaters of d = lo-40 mm. 

On the other hand, studies on the correlation of 
experimental data have so far been made following 
the accumulation of data achieved by the foregoing 
experiments. Reference [3] analyzed the data of water 
and R- 113 at atmospheric pressure obtained in refs. 
[l-3] to derive the following generalized correlation : 

z = o.0745(~~z’5($!$3 (1) 
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diameter of disk heater [m] U mean velocity of liquid jet at nozzle exit 
diameter of nozzle [m] [m s- ‘1. 
mass velocity of liquid jet, up, [kg m- 2 s- ‘1 
latent heat of evaporation [J kg- ‘1 
coefficient in equation (12) [-_I Greek symbols 
exponent in equation (12) [-_I PI density of liquid [kg m- ‘1 
critical heat flux for saturated liquid jet P” density of vapor [kg mm ‘1 
[W m-‘1 d surface tension [N m- ‘I. 

1 

where qco is the critical heat flux, G the mass velocity 
of liquid jet (G = up,), and Q the surface tension. Ref- 
erence [4] then analyzed data for R-12 in a wide range 
of pv/p, to present the following tentative correlations : 

$ = 0.188@386(~~3 (2) 

& = l.l*~)n386($$~2 (3) 

for V and I regimes, respectively. The V regime was 
assumed as a regime of relatively low G values where 
qco was ‘variable’ with G, while the 1 regime was a 
regime of high G values where qd) was ‘invariable’ 
with G. The boundary between the two regimes must 
correspond to the intersecting point of equations (2) 
and (3), but ref. [4] noted the existence of some data 
which did not accede to the above-mentioned classi- 
fication of regimes. 

Meanwhile, Monde [5], analyzing the data of water 
at atmospheric pressure in a wide range of d/d,, modi- 
fied equation (1) for the effect of d/d, as follows : 

z = 0.0757($ 175($$)l;il +o.ool;3(d,d,)‘. 

(4) 

Katsuta and Kurose [7] also analyzed CHF data of 
their own in a narrow range of mass velocity G to give 

A little later, relating to the mechanism of CHF, 
ref. [ 111 proposed a concept of Critical Liquid Film 
Thickness on a high-heat-flux nucleate boiling 
surface. If this concept is applied to the jet-disk system 
assuming a simple model of liquid flow, the following 
equation is readily derived employing neither empiri- 
cal constants nor empirical exponents (cf. ref. [12]) : 

GPI 1 l/3 

___ 
G’(d-d,) 1 +A/& 

(6) 

Taking dimensionless groups derived in equation (6) 

into account, Monde [lo, 131 analyzed the existing 
data of water, R-113, and R-12 to present the fol- 
lowing equations to the V and I regime, respectively : 

1 

x (1 +@&J”~364 (7) 

I: & = o.925(~~s34[G~(~d~)~42’ 

1 

’ (1 +d/d,)’ jo3 (*) 

Equation (7) was derived mainly from the data of 
water and R-l 13, while equation (8) from R-12 data 
of high pJp, values obtained at relatively high 
velocities. No general principle was presented to 
separate the two regimes quantitatively. 

Meanwhile, there is another type of approach to the 
correlation of data, which is based on the Mechanical 
Energy Stability Criterion proposed by Lienhard and 
Eichhorn [14]. First, Lienhard and Eichhorn [15] 
showed that the data of refs. [2,3] could be correlated 
in the following form : 

c#$/r”~“’ = function of /3’/ We (9) 

where $ = qco/pvHfgu, p = d/d,, r = pl/pv, and We = 
p,u*d/o = G*d/crp,. Lienhard and Hasan [16] then 
analyzed the new data of ref. [4] as well as the data 
of refs. [2, 31 to give 

(10) 

where f(r) and A(r) were determined empirically as 
functions of r, respectively. Recently, Sharan and 
Lienhard [17] carried out the analysis of the data of 
refs. [2-51 to revise equation (10) about the effect of 
/I as follows : 

4P”3 1000 a,(‘) 
~= - 

[ 1 fd4 We 

where 

(11) 
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FIG. 2. Correlation of CHF data of water at atmospheric pressure. 

f2(r) = 0.0017lr+0.21 

and 

A,(r) = 0.486+0.06052(lnr) 

- O.O378(ln r) 2 + O.O0362(ln r) 3. 

The foregoing two independent approaches to the 
correlation of data assume some aspects incom- 
patible with each other. For example, the Monde cor- 
relation is composed of equations (7) and (8) cor- 
responding to two different regimes, while the Sharan 
and Lienhard correlation is only one equation, equa- 
tion (1 1), with an exponent A,(r) of a rather com- 
plicated nature. In the present study, therefore, the 
existing data is analyzed carefully to derive a new 
correlation, and the evaluation of the existing two 
correlations is also attempted on the basis of the new 
correlation. 

2. CORRELATION OF CHF DATA 

2.1. Analysis of data under normal condition 
In coping with the effects of three main parameters 

of G, d and dN on critical heat flux qC,,, the present 
analysis starts in on testing the utility of a dimen- 
sionless group op,/G 2(d- dN)( I+ d/d,) included in 
equation (6). Figure 2 represents all the existing 
data of water obtained at atmospheric pressure 
&/p, = 0.000624), where q,/GH,, is plotted against 
the above-mentioned dimensionless group. It will be 
noted in Fig. 2 that the experimental data, which have 
been collected from different sources (refs. [l-5, 81) 
covering wide ranges of conditions (U = 0.15-60.0 m 
s-‘, d= 10.0-25.5 mm, dN = 0.7-4.1 mm, and 
d/d, = 5.0-36.4), gather together along a correlation 
line that is determined by the least squares method. 
This means that the data in Fig. 2 can be correlated 
with the following form : 

%I fJPl 1 m 

-= K G&g G’(d-d,)l+d/d, 1 (12) 
where K and m are constants, respectively, for water 
at atmospheric pressure. 

Similarly, Fig. 3 represents the main part of 
R-l 13 data obtained at atmospheric pressure 
(p,/p, = 0.00495), and all the data of R- 12 at 2.79 MPa 
@,/pi = 0.189), both displaying the same character as 
that of Fig. 2. All the correlation lines, determined in 
the same way as above for various data groups, are 
presented in Fig. 4, and the data conditions for each 
correlation line are listed in Table 1. For this analysis, 
some scattering or irregular data have been elimin- 
ated, because it is technically difficult for such data to 
determine meaningful correlation lines. 

The following matters will be noted from Fig. 4. 

(1) The main correlation line 3 for R-l 13 at 
p,/p, = 0.00495 is accompanied by three satellite lines 
3’, 3”, and 3”‘, where lines 3’ and 3”’ have been 
obtained from a relatively small number of data, 
respectively (Table 1). According to Monde [18], this 
dispersion of data may possibly be related to the effect 
of impurities such as oils in solution. 

(2) Two groups of R-12 data at pV/pl = 0.0661 and 
0.114 give a couple of correlation lines, respectively ; 
one for the data of d = 20 and 40 mm (lines 8 and 11) 
and the other for the data of d = 10 mm (lines 8’ and 
11’). 

(3) Correlation line 12 for pV/p, = 0.114 shows a 
deviation as compared with the locations of line 11 
for pV/p, = 0.114 and line 13 for pV/p, = 0.189. 

If viewed from a statistical point, however, cor- 
relation lines in Fig. 4 are in order of pJp, for either 
the slope or the location. In fact, one can see it clearly 
in Fig. 5, where the values of K and m in equation 
(12), determined directly by the least squares method 
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3. Correlation of CHF data for R-113 at atmospheric pressure and R-12 at 2.78 MPa. 

for each data group, are plotted against pJp,, respec- 
tively. 

Now, Fig. 5 reveals that the relative change of m 
with pV/pl is small as compared with that of K. Hence, 
it is considered preferable to derive a correlation equa- 
tion of m first from the 18 data points of m in Fig. 5 ; 
and when it is done with the help of the least squares 
method, the following result is obtained : 

m = 0.374(~“~~,)“.o’5s for py/pl < 0.~403 

m = 0.532(p,/p,)“~0794 for &pi 2 0.00403. 1 
(13) 

Next, assuming a non-linear form of K = a-t b(p,/p,) 
in equation (12) with a little difference from that of 
f(r) in equation (1 I), and determining the values of 
a, b and c, by means of the least squares method for 
all the existing data to the number of 564 (Table 1) 
on the basis of equation (13) for m, it gives 

K = 0.0166+7.00(p,/p,)‘~‘2. (14) 

FIG. 4. Correlation iines of CHF data (see Table I for con- 
ditions of data relating to each line). 

Thick solid lines illustrated in Fig. 5 represent equa- 
tions (13) and (14) thus determined, showing good 
agreement with the experimental points of m and K, 
respectively. 

2.2. Applicable limit of equation (12) 
Under a given condition, the flow rate of liquid 

from a nozzle is reduced excessively, when CHF takes 
values less than the normal one. This phenomenon 
has already been noted in the experiments of ref. [l] 
with an upward-facing disk heater, and the regime to 
cause such CHF was called the D regime in ref. [4], 
assuming a simple ‘dryout’ process of liquid on a 
heated disk. Figure 6 shows typical examples of CHF 
data obtained later by Monde and Okuma [9], and 
Monde [lo] for downward-facing disks of large diam- 
eters. One can see clearly that as G is reduced, the 
data points begin to deviate from thick solid lines 
representing the normal value of CHF which follows 
the rule of equation (12). 

Monde and Okuma [Q] analyzed CHF data of water 
and R- 113 at atmospheric pressure in such a special 
regime for the case of a downward-facing disk (Fig. 
l(b)). Employing the Taylor instability critical wave- 
length for a downward-facing liquid surface, they suc- 
ceeded in deriving a generalized correlation of such 
CHF data. In the present study, however, it has been 
found that this correlation is inapplicable to the data 
of R-12 such as those illustrated in Fig. 6. In ref. 
[lo], R-12 data of this kind were classified to a newly 
defined regime of high pressure, which is called the 
HP regime, but it seems likely that no solid foundation 
was presented for it. 

Meanwhile, Sharan and Lienhard [17] discussed 
two limiting conditions caused by the effects of 
viscosity and gravity, suggesting that for the former 
case, the limit of velocity u is predicted by 
d/d, = 0.S245(ud~~v)“3, and for the latter case, by u/ 
J(gd) r 10. However, when compared with exper- 
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Table 1. Conditions of data giving the correlation lines in Fig. 4 
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No. Fluid PVlPl 4 (mm) d C-4 44 

Number 
of data Sources 

1 Water 
2 Water 
3 R-113 
3’ R-113 
3” R-113 
3”’ R-113 
4 R-113 
5 R-12 
6 R-12 
7 R-12 
8 R-12 
8’ R-12 
9 R-12 

10 R-12 
11 R-12 
11’ R-12 
12 R-12 
13 R-12 

0.000624 0.74.1 
0.00342 2.0 
0.00495 1.14.1 
0.00495 2.o4.1 
0.00495 1.1-2.5 

0.00495 2.0 
0.0149 2.0 
0.0257 2.0 
0.0434 2.0 
0.0544 2.0 
0.0662 2.0 
0.0662 2.0 
0.0928 2.0 
0.0955 2.0 
0.114 2.0 
0.114 2.0 
0.141 2.0 
0.189 2.0 

imental data such as in Fig. 6, the predictions are 
found to work inadequately. 

Hence, further studies are needed to get a satis- 
factory solution to the foregoing problem. Under 
such circumstances, this paper presents tentatively a 
purely empirical way to predict the transition point 
from the normal state, which is based on the following 
equation : 

%I (4 1 

GH,, trans. = k (d/&J* 
(15) 

k = 1 in equation (15) corresponds to a limiting state 
that the whole quantity of liquid fed from a nozzle is 

10.C25.5 5.G36.4 
18.9 9.5 
11.660.1 3.9-53.9 
19.9-40.3 9.6-l 1.9 
20.940.3 8.4-36.3 

10.0 
18.9-19.9 
10.0 
19.940.2 
10.0 
19.940.2 
10.2 
10.0 
40.2 
19.940.2 
10.2 
10.0 
10.&40.2 

5.0 
9.5-10.0 
5.0 

10.0-20.1 
5.0 

10.1-20.1 
5.1 
5.0 

20.1 
10.0-20.1 
5.1 
5.0 
5.0-20.1 

Total 

219 [l-5, 81 
6 181 

105 18 ‘3rS69? 
52 [3: 91 

8 [41 
8 [81 

17 I41 
20 [8, 101 
19 [41 

18 [8, 101 
9 DOI 

14 I41 
6 [lOI 

16 18, 101 

8 7 ::; 
14 14. 8, 101 

564 
- 

just dried out due to evaporation on a disk surface ; 
all actual values of k determined from the exper- 
imental data of (q,JGH&,,,. are plotted in Fig. 7. 
Though not a generalized form, the result of Fig. 7 
may be utilized to make rough estimations of 
(qm/GHfg),,,,, through equation (15). 

3. DISCUSSION 

(1) Average and r.m.s. errors calculated on the basis 
of the existing data are listed in Table 2 as to pre- 
dictions of the Monde, the Sharan and Lienhard, and 
the present correlation. As for the Monde correlation, 

5 I- /Eqb(;&3- - 
A l~~_~~___________~______ 

W19) 

1.0 
a 
6 

&E 

2 

FIG. 5. Values of K and m plotted against vapor-liquid density ratio pJp, for the jet-disk system. 
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FIG. 6. Typical examples for applicable limit of correlations in the type of equation (12). 

it has been tentatively assumed here that equation (7) 
applies to pJp, < 0.014, while equation (8) to 
pV/p, > 0.014. According to the results of Table 2, any 
of the three correlations can predict CHF with rather 
good accuracies, though there are some differences 
between them. 

(2) However, further comparisons must be made as 
to physical aspects in more detail. In order to do this, 
the following equation is taken as a common base : 

$ = Kj[C’(&]m’. (16) 

First, Monde’s equations (7) and (8) are compared 
with equation (16) to give 

V: m’ = 0.343, and 

1 

(1 + d/&)0.=4 (7’) 

A Water 
0 R-113 
0 R-12 

d=bO-60mm 

d,(mm) 

FIG. 7. Empirical presentation of k value. 

I: m’ = 0.421, and 

K’ = 0.925 ; 
0.534 

0 1 
(1+4Qo.303 . (8’) 

Second, Sharan and Lienhard’s equation (11) is com- 
pared with equation (16) to give 

m' = A,(r) 

K’ = 0.00171 f0.21; 
> 

where AZ(r) is given by equation (11) as a function of 
p,/p,. Finally, equation (12) in the present study is 
compared with equation (16) to give 

m’ = m, and K’ = K/(1 +d/d,)” (12’) 

where m and K are given by equations (13) and (14) 
respectively. 

Equations (7’), (8’), (11’) and (12’) are compared 
with each other in Fig. 8 for the case of d/d, = 5. Even 
if the value of d/d,., is as high as 50, the general aspect 
of Fig. 8 does not change so much. It is noted from 
Fig. 8 that, regarding the values of m’ and K’, either 
the Monde or the Sharan and Lienhard correlation 
suffers more or less with deviations from the trend of 
experimental data, because thick solid lines in Fig. 8 
are ones transferred rather directly by equation (12’) 
from the thick solid lines in Fig. 5 which agree well 
with experimental results. 

(3) Regarding the effect of diameter ratio d/d, on 
CHF, equation (11) seems quite different in character 
from equation (12). However, the form of equation 



Critical heat flux on a disk heater 225 

Table 2. Average (AVG) and root-mean-square (RMS) errors with various predictions 

Fluid P”lPl NUMt 

Monde Present work 
equations Sharan equations 
(7) and (8) equation (11) (12)-(14) 

Water 0.000624 219 AVG$ -3.01 2.49 
RMS 10.70 10.53 

R-113 0.00495 183 AVG 18.42 9.68 
RMS 31.32 24.10 

R-12 0.0257 148 AVG -7.79 -1.24 
-0.189 RMS 12.59 10.59 

All data 0.000624 564 AVG 2.74 3.75 
-0.189 RMS 20.17 16.29 

1.89 
10.47 

-4.91 
21.38 

2.09 
13.89 

-0.54 
15.69 

7 NUM represents total number of data. 
$ Both average and r.m.s. errors are presented in percentages 

(11) can be readily derived from equation (12) as 
follows. First, equation (12) is rewritten as 

$J${l-(+J}T = K($$. (17) 

Table 1 indicates that the existing data of CHF under 
normal conditions are within the range of d/d, = 3.9- 
54.1, accordingly 1 - (&/d) ’ on the left-hand side of 
equation (17) can be approximated as unity within 
errors less than 6.6%. On the other hand, it is noted 
from Fig. 5 that, roughly speaking, the value of m in 
equation (17) takes values near l/3. Hence, if m on 
the left-hand side of equation (17) is approximated as 
l/3 leaving the right-hand side intact to give a space 
for empirical adjustments, equation (17) reduces to 

&k&y3 = K&J. (18) 

This is nothing but the form of Sharan and Lienhard’s 
equation (11). 

(4) Equation (6) is a theoretical result derived 
through the concept of Critical Liquid Film Thickness 

with a model that the disk surface is fed with liquid 
through the circular periphery of ‘the impinging zone’ 
of a liquid jet. If equation (6) is compared with equa- 
tion (12), it gives 

m= l/3 (19) 

K = 0.278(p,/p,)“.467( 1 +p,/p,) I”. (20) 

Equations (19) and (20) are illustrated by broken lines 
in Fig. 5, respectively. It may be of interest to note 

that they do not agree well with experimental results, 
but still show rough coincidence in tendency with the 
data. 

On the other hand, ref. [19] recently analyzed the 

- Monde 

_ ------ SharanELienhard 

- Present work 

‘r 0.1 

FIG. 8. Comparison between the Monde, the Sharan and Lienhard, and the present correlation of CHF. 
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FIG. 9. Variation of K and m values with p,/p, for CHF on a cylinder in cross flow. 

1.0 
I 
5 

experimental data of CHF on a heated cylinder of 
diameter din saturated cross flow of mass velocity G, 
and presented the results of Fig. 9 as to the values of 
K and m in the following correlation : 

(21) 

Broken lines in Fig. 9 are the theoretical results for K 
and m, which have been derived through the concept 
of Critical Liquid Film Thickness and a model that 
the cylinder surface is fed with liquid from bulk liquid 
flow at the location of ‘the stagnation point’. 

The appearance of main flow configuration is quite 
different between the jet-disk and the cross flow 
system. However, the similarity in the nature of CHF 
observed in Figs. 5 and 9 strongly suggests that CHF 
in the above-mentioned two boiling systems may 
appear through rather similar mechanisms, basically 
at least. 

4. CONCLUSIONS 

(1) The existing data of CHF measured for the jet- 
disk system under normal conditions have been 
analyzed, covering the ranges of density ratio pV/p, = 
0.000624-0.189, jet velocity u = 0.3-60.0 m s-‘, 
disk diameter d = lOS60.1 mm, nozzle diameter 
dN = 0.74.1 mm, and diameter ratio d/d, = 3.F53.9. 
As the result, the following generalized correlation 
of CHF data is derived : 

9co af-3 1 m 
-=K 
GHra G’(d-dN) 1 +d/d, 1 

where 

K = 0.0166+7.OO(p,/p,)‘-‘* 

m = 0.374(p,/p,)“.o’55 for p,/p, < 0.00403 

m = 0.532(p,/pJ” 0794 for pV/p, > 0.00403. 

(2) If the jet velocity is reduced excessively under a 
fixed condition of other factors, CHF value begins to 
deviate from the normal state which is connected with 
the above-mentioned correlation. The value of 
(q,/GHJ at the transition point, that is the applicable 
limit of the foregoing correlation, can be roughly esti- 
mated by the following equation, as far as the existing 
data are concerned at least : 

where k value is given by a curve in Fig. 7. 
(3) In spite of the great difference in the appearance 

of the main flow configuration, the impinging jet and 
the cross flow system have similarities in charac- 
teristics of CHF, which suggests that CHF may 
appear basically through similar mechanisms in these 
systems. 
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FLUX THERMIQUE CRITIQUE SUR UN DISQUE REFROIDI PAR UN JET 
CIRCULAIRE DE LIQUIDE SATURE FRAPPANT SON CENTRE 

R&sum&On analyse les don&es disponibles de flux thermique critique (CHF) sur un disque refroidi 
par un jet liquide et on presente une formule g&n&ale qui couvre le rapport de densite vapeur-liquide 
p,/p, = 0,0006240,189 et celui des diametres disque-tuylre d/d, = 3,9%53,9. Une methode empirique est 
present&e pour estimer la limite a laquelle le CHF commence a s’tcarter de l’etat normal. Finalement, on 
montre que le systeme du disque avec un jet impactant a des similitudes avec le cas d’un cylindre chaud 

dans un Ccoulement transversal. 

KRITISCHE WARMESTROMDICHTE EINER BEHEIZTEN SCHEIBE DIE VON EINEM 
KREISRUNDEN STRAHL GESATTIGTER FLUSSIGKEIT GEKUHLT WIRD 

Zusammenfassung-Die vorhandenen Daten fur die kritische Wlrmestromdichte (CHF) an einer 
scheibenformigen Heizung, die durch einen Fliissigkeitsstrahl gekiihlt wird, werden analysiert. Es wird 
eine verallgemeinerte Korrelation der Daten vorgestellt, welche das Dampf-Fliissigkeits-Dichtever- 
haltnis P./P, = 0,0006240,189 und das Durchmesserverhiltnis der Scheibe zur Diise d/dN = 3,9-53,9 
abdeckt. Es wird such eine empirische Methode prasentiert, urn die Grenzen zu bestimmen, wenn 
CHF vom normalen Zustand abweicht. Letztlich wird gezeigt, da8 das System der scheibenformigen 
Heizung mit einem auftreffenden Fliissigkeitsstrahl Ahnlichkeiten mit einem beheizten Zylinder in einer Quer- 

striimung aufweist. 

KPHTB’IECKHI? TEI-IJIOBOfi HOTOK HA AHCKOBOM HAI-PEBATEJIE, OXJIATAAEMOM 
KPYFJIOft CTPYER )KKMAKOCTH, Y&APflIOIIIEI?CII 0 HEHTP 

.&OIOT~IUI~~I~JIE~~&~~~KITCK BMeH)wiecR naHHbIe no K~HTHY~CICOM~ TennoBohfy IIOTOK~ (KTII) Ha 

AHCKOBOM HarpeBaTene, OxnaxcAaeMOM CTpyeii NinKOCTU; IIpencTaBneea o6o6weHHar 3aBHCBMOCTb 

pe3ynbTaTOB,OXBaTMBaI‘,UWI OTHOILIeHEie ,DIOTHOCTeii CHCTeMbI IIapXGinKOCTbp,/p, = 0,00062&0,189 
II OTHomemie nHah%eTpos n&icKa ti corma d/d, = 3,9-53,9. npenen, npu KOTO~OM KTH HawHaeT OTK- 

nOHIITbCIl OT "OpM~bHO~OCOCTOIIHHII,0,,eHHBaeTCR 3MIIWp,,'WKHMMeTOXOM. B pe3ynbTaTenOKZ,aHO, 
STO cncrehsa JIHCKOB~I~~ HarpeBaTenb-ynapriourascn crpyr cxonHa no xapaKTepy KTI-I c HarpeaaehfbrM 

WinHHApOMBIIOlle~YHOMIIOTOKe. 


