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Abstract-A heat transfer controlled bubble model has yielded three semi-empirical correlations to predict 
bubble-growth rate, maximum bubble diameter and maximum bubble-growth time for the subcooled 
nucleate flow boiling of water. 

Our data for maximum bubble diameter for 13.9, 15.8 and 17.7 MN/m’ obtained by the use of a high- 
speed photographic technique and the data available in the literature were found to fit the correlations. 
The range of data used is as follows: pressure: 0.1-17.7 MN/m’; heat flux: 0.47-10.64MW/m2; velocity: 
0.08-9.15 m/s: subcooling: 386 K; maximum bubble diameter: 0.081.24mm; maximum bubble-growth 

time: 0.175-5 ms. 
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NOMENCLATURE 

a pressure dependent constant [l/K s]; 
specific heat of heating surface [J/kg K]; 
specific heat of saturated liquid [J/Kg K]; 
instantaneous bubble diameter [m]; 
maximum bubble diameter [m]; 
diameter of dry area under the bubble [ml; 
acceleration of gravity [m/s’]; 
single phase forced convection heat-transfer 
coefficient for the heated surface [W/m’ K]; 
heat-transfer coefficient for the dissipation of 
heat from the bubble to the surrounding 
liquid [W/m’ K] ; 
thermal conductivity [W/m K] ; 
Nusselt number; 
pressure [N/m’]; 
Prandtl number; 
Reynolds number; 
heat generation per unit area and time at the 
heating surface [w/m’]; 
heat flux to bubble from the very thin liquid 
film under it [W/m’]; 
initial superheat of the thin liquid layer 
under the bubble [K]; 
subcooling of the liquid [K]; 
time [s] ; 
maximum bubble-growth time [s]; 
liquid bulk velocity [m/s]. 

Greek symbols 

1, latent heat of evaporation [J/kg]; 

H viscosity [Ns/m2]; 

P, density [kg/m3]; 
0, surface tension [N/m]. 

Subscripts 

b, refers to bulk condition; 

1, refers to saturation condition for liquid 
phase; 

s, refers to heated surface; 
a, refers to saturation condition for vapour. 

INTRODUCTION 

DETERMINATION of bubble-growth rate, maximum 
bubble diameter and maximum bubble-growth time 
for the subcooled nucleate flow boiling of water is of 
interest for a basic understanding of the phenomenon 
of subcooled boiling. The maximum bubble diameter 
and maximum bubble-growth time are closely related 
to void fraction and heat-transfer rate. So far no 
predictive equations of broad generality for bubble 
dynamics during the subcooled nucleate flow boiling 
of water have appeared in the literature, although 
experimental data have been presented by Griffith et 
al. [l], Gunther [2], Tolubinsky and Kostanchuk [3], 
and Treshchev [4]. Therefore, a heat transfer controlled 
bubble model has been established to derive a cor- 
relation for bubble-growth rate, maximum bubble 
diameter and maximum bubble-growth time. 

The model is based on the assumption that a 
spherical or an ellipsoidal bubble grows on a very thin, 
partially dried liquid film which is formed between the 
bubble and the heated surface. During growth, the 
bubble is assumed to take up heat by the evaporation 
of the very thin liquid film while it dissipates heat by 
condensation to the surrounding liquid at its upper half. 

Since difficulties were anticipated with a closed-form 
solution of the multidimensional formulation, a 
lumped formulation of the model has been used. 

Experimental investigation of maximum bubble 
diameters has also been carried out with the aid of a 
high-speed photography technique at 13.9, 15.8 and 
17.7 MN/m2. 

SUBCOOLED FLOW BOILING BUBBLE MODEL 

In order to determine bubble-growth rate, maximum 
bubble diameter and maximum bubble-growth time, a 
bubble model will be established with the following 
assumptions : 

1. Subcooled nucleate flow boiling is a transition 
between the forced convection and the fully developed 
boiling regimes, and is also referred to as “partial 
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nucleate boiling”, *‘forced-convection surface-boiling”, 
or simply “surface boiling” in the literature. 

2. For a given geometry and constant operating 
conditions (i.e. constant subcooling, velocity, heat flux 
and pressure) the numerous bubbles produced in sub- 
cooled nucleate flow boiling have different maximum 
diameters and growth times. A statistical approach is 
therefore required, and these quantities have to be 
calculated by averaging the quantities for the whole 
bubble population. The terms “maximum bubble 
diameter” and “maximum bubble-growth time” used 
here refer to average values for the whole bubble 
population. 

3. A spherical or an ellipsoidal bubble grows on a 
very thin partially dried liquid film which is formed 
between the bubble and the heated surface as 
schematized in Fig. 1. The formation of a thin liquid 
film between the bubble and the heating surface has 
first been postulated by Snyder [5]. Later this postulate 
has been verified experimentally by Torikai et al. [6], 
Cooper [7], and Cooper and Lloyd [8]. The evidence 
for the existence of a dry area in the thin liquid film 
on the heating surface has been presented for atmos- 
pheric pressure conditions by Torikai et al. [6]. 

v 

Illpsoida I -bubble 

FIG. 1. Schematic bubble description. 

4. The instantaneous bubble volume is equal to the 
volume of a sphere of diameter D. 

5. The dry area under the bubble is of circular shape, 
as experimentally verified by Torikai et al. [6$ 

6. During its growth, the bubble takes up heat by 
the evaporation of the very thin liquid film over the 
area nD*(l - Dj/D*)/4 in which DdjD is assumed to be 
a constant for a given pressure in accordance with the 
experimental data of Torikai et al. [6]. 

7. Inertia-controlled bubble growth has been 
neglected since its duration is very short, as experi- 
mentally determined by Sernas and Hooper [9]. 

8. Bubble growth within the superheated liquid layer 
is neglected since the ratio of the maximum bubble 
diameter to the thickness of this layer varies between 
11 and 25 at atmospheric pressure conditions [lo]. 
This also justifies the assumption that the heat input 
to the bubble from the superheated layer can be 
neglected in comparison with the heat from the thin 
liquid film since the Dd/D is anticipated not to be large. 

9. The bubble dissipates heat to the surrounding 
liquid by condensation at its upper-half surface. In 
subcooled nucleate flow boiling numerous bubbles 
cover the heating surface. The bottom half of the 
bubble therefore will probably not face the cold liquid 

stream, thus being ineffective in dissipating heat from 
the bubble. Abdelmessih et al. [I I] also report that 
heat dissipation from the bubble occurs at its top. 

10. Bubble growth is an isobaric process. 
11. In subcooled nucleate flow boiling, there are two 

types of bubbles in so far as the maximum bubble 
diameter is concerned. The bubbles formed at high 
subcoolings do not leave the heated surface, although 
they attain their maximum diameter. They slide along 
the heated surface or collapse, as observed visually by 
Gunther [2]. The bubbles formed at medium or low 
subcoolings leave the heating surface upon reaching 
their maximum diameters. The condition for departure 
from the heated surface can thus be expressed as 
dD/dt = 0. The work reported therefore covers the 
above two types of bubbles. 

12. A lumped formulation of the model is considered. 

MATHEMATICAL FORMULATION OF 
THE MODEL AND SOLUTION 

Using the above-given assumptions, the energy 

balance for the bubble yields 

with the initial condition 

t=O D=O. 

qE in equation (1) the heat flux to the bubble from 
the very thin liquid film under it, has been given by 
Sernas and Hooper [9] as follows : 

AT,a,?ih 
qs = (1Lcc1 tp 

(2) 

where 

k, 
!Xi =- 

Pi CPl 

kpscs + 

?= G ( > 

AT,,,in equation (2), the initial superheat of the very 
thin liquid layer under the bubble has been evaluated 
with a correlation given in [12], which is in fact a 
modification of the Rohsenow’s superposition method 
to determine subcooled nucleate flow boiling heat 
transfer [13] : 

AiT,,, = (“-“c4”Ub>” (3) 

where 

and h follows from the well-known relation 
NuI, RebmO~‘Prbmj = Constant, where the constant 
equals 0.0366 for flat plates and 0.023 for circular tubes. 

h, in equation (l), the heat-transfer coefficient for 
condensation at the surface of the bubble, has been 
derived in [lo] with a method analogous to that given 
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by Levenspiel [ 143, and is equal to 

h, = 
0N.D 

2(1/P”- UPI) 
(4) 

where 

@= _!I 

0 

0.47 

for u > 0.61 m/s 
vo 

@ = 1 for 11 < 0.61 m/s 

uo = 0.61 m/s 

and C is a pressure-dependent constant, equal to 61 
(KS)-’ at 0.17 MN/m2 [lo]. For pressures high& and 
lower respectively than 0.17 MN/m’ the determination 
of C will be given later. 

Substituting equations (2) and (4) in equation (1) and 
differentiating the second term of its R.H.S. yields 

where 

dD 
- = aat-* - C@bD 
dt 

(5) 

b= 
ATsub 

2(1 -Pv/Pr) 

(5.1) 

(5.2) 

a = (l-D~/D’). (5.3) 

Solution of equation (5), which is presented in 
Appendix 1, gives bubble diameter as a function of 
time : 

Zaat*[ 1 + fbC@t] 

‘@) = [l+C@bt] ’ 
(6) 

When the bubble reaches its maximum (or departure) 
diameter, equations (5) and (6) give 

aa 
Q$ = - 

C@bD, 

D 
In 

= 2aa&[ 1 +fbC%,,] 

[ 1 + C@bt,] 

(7) 

(8) 

since 

dD 
dt=O and D(t,,,)=D, when t=t,,,. 

The maximum bubble-departure diameter and 
maximum bubble-growth time can be then found from 

the solution of the above two equations 

D, = 1.21 (b&+ (9) 

1 

tm=iz%z. 
(10) 

To be able to calculate D(t), D,,, and t, with the aid 
of equations (6), (9) and (lo), a and C have to be known. 
First, a/C* will be determined. Equation (9) can be 
written in a different and open form: 

The R.H.S. of equation (11) contains only pressure- 
dependent variables; it is therefore a constant for a 
given pressure. In order to verify this, the L.H.S. of it 
will be used since a and C on the R.H.S. are not 
known. For a wide pressure range, the L.H.S. of 
equation (11) can be determined using the experimental 
data of Griffith et al. [1], Gunther[2], Tolubinsky and 
Kostanchuk [3], and Treshchev [4], which is given in 
Appendix 2, and our data given in Table 1, since the 
L.H.S. of this equation contains only measured 
quantities (D,, v, A&, 4) or predictable quantities 
(h, k,, ps, cJ. To this end the L.H.S. of equation (11) 
has been plotted vs pressure as shown in Fig. 2. From 
this figure it can be concluded that as a first approxima- 
tion the L.H.S. or R.H.S. of equation (11) is a constant 
for a given pressure within reasonable accuracy limits. 

Furthermore, Fig. 2 shows that the L.H.S. or R.H.S. 
of equation (11) is a constant for the whole pressure 
range between 1 and 17.7 MN/m’. . 

Having verified that a/C* is a pressure-dependent 
constant, its numerical value can be found by plotting 
vs pressure the value of [Dm(b4)f/l.21a] [see equation 
(9)]-which can be calculated by using the experimental 
data of the aforesaid investigators given in Appendix 2, 
and our data given in Table 1 -as shown in Fig. 3 : 

3 = 2.10- 5po.709. (12) 

By substituting equation (12) into equation (9), the 
maximum bubble diameter becomes 

D 
m 

= 2.42 10-5P0.709a 

cm)* . 
(13) 

FIO. 2. Verification of equation (11). 

HMT Vol. 19, No. 6-E 
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q=O47-1064MW/m’ 

v=o 06-9~15m/s 

V CT1 -TN0 data 

x Daio of Gunther 

+ Data of Treshchev 
0 Data of Griffith etol 

l Data of Tdubinsky and Kostanchuk 

Pressure, MN/m* 

FIG. 3. Maximum bubble diameter correlation. 

The experimental range of the above equation is : 
P = 0.1-17.7 MN/m2 
q = 0.47-10.64 MW/m2 
L’ = 0.08-9.15 m/s 

AT,,, = 3-86 K 
D, = 0.08-1.24mm. 

Although (a/C*) has been determined, CI and C cannot 
be found yet, since no other relation between them can 
be established. Therefore, to predict CY and C, the 
following procedure has been adopted. Figure 2 shows 

that there is an essential variation in the mechanism of 
bubble growth at about 1 MN/m2. For this pressure, 
inserting into equation (10) the experimental data of 

Tolubinsky and Kostanchuk given in Appendix 2 (i.e. 
values of t,, D,, AT,,,, u and q), C is found to be 
13.7 (KS)- ‘. With the aid of this C-value and 

equations (9) and (5.3), Dd (t,,,), the diameter of the dry 
area under the bubble, is found to be Dd (t,,,) = 0.04 D,. 

The average value of Dd(tm) can also be calculated 

for 0.17 MN/m2 as Dd (t,,,) = 0.530, by using equations 
(9) and (5.3) and the data of Gunther for eight bubbles 
given in the Appendix 2, since C is known for this 
pressure, as stated before. Comparison of these two 
Dd(tm) values shows that the dry area under the bubble 
disappears at about 1 MN/m*. Therefore: 

CI = (1 -Dd’/D’) E 1 1 < P[MN/m’] < 17.7. (14) 

For the above-given pressure range, C can then be 
calculated from equation (12) by using tl = 1, as follows : 

C = 0.25.10+ “P- 1.418 for 

1 < P[MN/m*] < 17.7. (15) 

Up to 1 MN/m2, due to lack of experimental data, 
C may be determined by linear interpolation and 
extrapolation using the values of C found for 0.17 and 
1 MN/m’, i.e. 

C = 65-5.69.10-5(P-105) for 

0.1 ,< P[MN/m’] < 1. (16) 

For the above-given pressure range, rl can be found 
from equation (12) by substituting equation (16) into it 
as follows 

s( = 2~10-5P0~70g[65-5,69~10-5(P-105)]t 

for 0.1 6 P[MNim’] < 1. (17) 

The above-given C and CI values have to be 

substituted into equations (5), (6) and (10) to determine 
bubble-growth rate, instantaneous bubble diameter 
and maximum bubble-growth time. 

First, the experimental data of Gunther [2], and 
Tolubinsky and Kostanchuk [3] for maximum bubble- 
growth times given in the Appendix 2 have been 

compared with those predicted by equation (lo), as 
shown in Fig. 4. Equation (10) predicts well the 

i 

x Dotc of Gunlha[O I MN/fi 

+ Data of Tolubinsky and Kostonchuk 

CO.1 and 0.4 MN/m’] 

0 Data of Tolubinsky and Kostancluk 

[IMN/m2] 

tfi 175-5ooojm 
D,=O9-0+9mm 

100 1000 10000 

The PredIcted, /.LLS 

FIG. 4. Comparison of experimental and predicted 
maximum-bubble growth times. 

maximum bubble-growth time within 20%. The experi- 
mental range of this correlation is : 

P = 0.1-l MN/m2 
q = 0.47-4.5 MW/m2 

AK”,, = 2&72 K 
u = 0.08-3.05 m/s 

t, = 0.175-5 ms 
D, = 0.19-0.9mm. 

As a last step, the instantaneous bubble diameter 
predicted by equation (6) has been compared with the 
data of Gunther [2], as shown in Fig. 5. It appears 
that the predicted diameter of the average bubble fits 
the data quite well. The average maximum diameter of 
the bubble population, D, in Fig. 5, has been indicated 
by Gunther. 

EXPERIMENTAL DATA 

Maximum bubble diameters have also been deter- 
mined experimentally for the subcooled nucleate flow 
boiling of water at high pressures by a high-speed 
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Time, ps 

FIG. 5. Comparison of experimental and predicted bubble 
diameters. 

photographic technique. The results are given in 
Table I. The experimental set-up is described elsewhere 
in detail by De Munk [lS]. The photographical test 

section was an adiabatic cylindrical sapphire of 8 mm 
I.D. and 20mm height, mounted just at the end of a 
10 m long sodium heated steam generator pipe. 

The films of the bubbles have been taken through 

the sapphire test section with a framing camera 
(Dynafax, model 350) at a frequency of 5000 frames 

per second. The developed films have been enlarged up 
to 18 times, and the diameters of bubbles appearing 
on the films have been measured. The bubble popula- 
tion per picture varied between 65 and 450. The 
distribution of the maximum bubble diameter approxi- 

mated a normal distribution, thus making the averaging 
procedures easier. 

Table 1. Data for maximum bubble diameter 

(M?$m’) 
ATsub V ~lll 
(K) (m/s) (MW/m’) (mm) 

13.9 3.7 3.27 0.38 0.15 
13.9 4.3 3.27 0.39 0.14 
13.9 3.7 3.27 0.42 0.18 
13.9 5.9 3.27 0.39 0.11 
15.8 4.1 3.57 0.45 0.15 
15.8 4.1 3.57 0.45 0.13 
17.7 3 3.75 0.55 0.13 
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APPENDIX 1 

Solution of Equation (5) 

Equation (5) is a linear first-order differential equation, 
and its solution may be written straightforwardly: 

D = e-csbr[~aat-feC’b’dt+C4] (A.1) 

eCdbt and eCcDbf may be replaced by their identities given 
in series : 

D= 
+C3Q3b3t3,‘3! +...)I dt+C, 

(1-t C@bt + C2Q2b2t2/2! +...) 
64.2) 

After integration of the nominator, equation (A.2) 
becomes: 

D = 2aat)(l+ 1/3C@bt+ l/10C2@2b2t2+~~~)+Cq 

(1+C0bt+C2@2b2tZ/2!+...) 
(A.3) 

By the use of the initial condition, i.e. D = 0 for t = 0, 
Cd, the integration constant in equation (A.3) is found to 
be equal to zero. Experimental data of Gunther [2], and 
Tolubinsky and of Kostanchuk [3] show that CQbt, < 1 
at 0.1 MN/m’. (In the calculation of CQbt,, the value of C 
determined for 0.17 MN/m2 is used, since C is a function of 
the fluid properties alone, and its value at 0.1 MN/m2 will 
therefore not differ much from that at 0.17MN/m2.) Thus, 
when the high-order terms in equation (A.3) are neglected, 
it becomes : 

D(t) = 
2aatt[l + 1/3CQbt] 

l+CQbt 
(A.4) 
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APPENDIX 2 

Experimental Data for Maximum Bubble Diameter and 
Maximum Bubble Growth Time from Various Investigators 

Maximum 
Type and 

Bubble Maximum dimension 

1 number 
Pressure bubble 

Sub- bubble 
COOP-.” Velocity 

Heat 
growth flux of the 

diameter 
IrrB 

investigator 

time heating 
surface 

1 0.1 1.24 5 0.20 - 0.47 

2 0.1 0.9 
3 0.1 0.56 
4 0.1 0.47 
5 0.1 0.76 

20 

:El 
72 

0.20 
0.20 
0.20 
3.05 

1200 
- 
- 
175 

0.47 
0.47 
0.47 
4.50 

6 0.1 0.88 50 3.05 250 4.50 
7 0.1 1.02 33 3.05 300 4.50 
8 0.1 0.55 85 3.05 - 4.50 
9 0.17 0.62 83 1.50 200* 6.14 

10 0.17 0.50 83 3.05 125* 6.14 
11 0.17 0.36 83 6.10 83* 6.14 
12 0.17 0.58 86 3.05 - 2.30 
13 0.17 0.58 86 3.05 - 4.50 
14 0.17 0.51 86 3.05 - 6.14 
15 0.17 0.44 86 3.05 - 8.06 
16 0.17 0.32 86 3.05 - 10.64 
17 0.2 0.5 20 0.08 - 0.47 

18 0.4 0.3 20 0.08 
19 0.5 0.26 30 1.9 

0.47 
1.40 

20 0.6 0.23 20 0.08 

21 0.8 0.20 20 0.08 
22 1.0 0.19 20 0.08 
23 2.5 0.14 54 1.9 

1200 

- 

- 

0.47 

0.47 
0.47 
2.03 

24 

25 

26 

3.45 

5.0 

6.9 

6.9 
4.9 
6.9 

10.3 

0.095 51 6.1 6.38 

0.12 62 1.9 2.90 

0.106 39 6.1 3.9s 

27 
28 
29 
30 

0.146 I1 6.1 
0.082 53 9.15 
0.088 54 9.15 
0.081 80 6.1 

3.25 
7.01 
5.75 
8.53 

(MW/m2) (mm) 

stainless 
steel plate 
55 x 2.57 
as above 
as above 
as above 
stainless 
steel plate 
63.5 x 4.87 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
same as 
given for 
bubble 
number 1 
as above 
nickel 
plate 
32x5.1$ 
same as 
given for 
bubble 
number 1 
as above 
as above 
same as 
given for 
bubble 
number 19 
stainless 
steel plate 
12.7 x 9.5t 
same as 
given for 
bubbfe 
number 19 
same as 
given for 
bubble 
number 24 
as above 
as above 
as above 
as above 

Tolubinsky 
and 
Kostanchuk [3] 
as above 
as above 
as above 
Gunther [2] 

as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
same as 
given for 
bubble 
number 1 
as above 
Treshchev [4] 

same as 
given for 
bubble 
number 1 
as above 
as above 
same as 
given for 
bubble 
number 19 
Griffith 
et al. [l] 

same as 
given for 
bubble 
number 19 
same as 
given for 
bubble 
number 24 
as above 
as above 
as above 
as above 

*The value given is not the bubble-growth time but the bubble-life time. 
j’In order to evaluate the physical properties of stainless steel, stainless steel, type 304 (austenitic) 18-85, is considered. 
$In order to evaluate the physical properties of nickel, nickel of 99.97% purity is considered. 
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LE DIAMETRE MAXIMAL DUNE BULLE, LA DUREE MAXIMALE DE CROISSANCE 
DUNE BULLE ET LA VITESSE DE CROISSANCE DUNE BULLE LORS DUNE 

EBULLITION EN ECOULEMENT NUCLEE SOUS-REFROIDIE DE L’EAU 
POUR DES PRESSIONS JUSQU’A 17,7 MN/m* 

R&rum&Un modele mathematique dune bulle controlt par le transport de chaleur a produit trois 
correlations semi-empiriques pour la prevision de la vitesse de croissance dune bulle, du diametre 
maximal dune bulle et de la duree maximale de croissance dune bulle pour l’ebullition en tcoulement 
nuclte sousrefroidie de l’eau. 

Nos resultats pour le diametre maximal dune bulle pour 13,9, 158 et 17,7 MN/m’, obtenus au moyen 
de photographie ultra-rapide et les donntes qui existent dam la litterature ont Cte trouves de convenir 
aux correlations. 

La region de donnees corrtltes est la suivante: pression: O,l-17,7 MN/m’; flux de chaleur 0,47-lo,64 
MW/m*; vitesse: 0,08-9,15 m/s; sous-refroidissement: 386 K; diametre maximal dune bulle: 0,08-1,24 

mm; durie maximale de croissance dune bulle: 0,175-S ms. 

MAXIMALER BLASENDURCHMESSER, MAXIMALE BLASENWACHSTUMSDAUER UND 
BLASENWACHSTUMSGESCHWINDIGKEIT WAHREND DER UNTERKUHLTEN 

SIEDESTROMUNG VON WASSER BE1 DRUCKEN BIS ZU 17,7 MN/m’ 

Zusammenfassung-Ein mathematisches Modell, das auf dem Wlrmetransportmechanismus basiert, ergibt 
drei semi-empirische Korrelationen, welche es ermoglichen, die Blasenwachstumsgeschwindigkeit, den 
maximalen Blasendurchmesser und die maximale Blasenwachstumsdauer fiir die unterkiihlte 
Siedestromung von Wasser vorauszusagen. 

Es hat sich herausgestellt, dasz unsere Ergebnisse fiir den maximalen Blasendurchmesser fur 13,9, 
158 und 17,7 MN/m*, welche mittels Hochgeschwindigkeitsphotographie ermittelt wurden und die aus der 
Literatur erhaltenen Daten sich den Korrelationen- gut anpassen: 

Die Daten lieaen im folnenden Bereich: Druck: 0.1-17.7 MN/m’: Warmestromdichte: 0.47-10.64 
MW/m*; Geschkindigkeit r 0,08-9,15 m/s; Unterkiihlung:’ 3-86K; maximaler Blasendurchmesskr: 

0,08-1,24mm; maximale Blasenwachstumsdauer: 0,175-5ms. 

MAKCHMAJIbHbIfi ABAMETP, MAKCWMAJIbHOE BPEMII II CKOPOCTb 
POCTA HY3bIPbKOB I-IPH I-IY3bIPbKOBOM KMI-IEHWM HEnOFPETOfi 

BOAbI B IIOTOKE IIPH BEJIHYHHE TEIUIOBOFO IIOTOKA a0 17,7 MH/M~ 

,dUIlOTalplR - c IIOMOIAbKl MOAeJUi POCTa IIj’3blpbiCOB IIOJIy%HO T&W IIOJIy3MtIKpli’iWKliX COOTHO- 

IIIeHWI AJUI PaCWSTa CKOPOCTH POCTa, MaKCHMWIbHOrO AKaMeTpa H MaKCWMS7bHOrO BPeMeHH POCTa 

IlY3bIPbKOB Ilpli IIY3bIPbKOBOM KHfleHHH HeAOrpTOi BOAbI B IIOTOKe. Hatineno, ‘IT0 lIOJI)‘¶eHHbIMH 

COOTHOUIeHWRMW OIIHCbIBWJTCR IiaYlW AIBHHble ITO MaKCHMaJIbHOM)’ AHaMeTp)’ llY3bIPbKOB IIPH 

3HaYeHHRX TClTJIOBOI.0 IIOTOKSL, PaBHbIX 13,9; 15,8 H 17,7 MH/M~, IIOJIyYeHHbIe C IlOMOIQbH) MeTOAa 

CKOpOCTHOfi CbeMKH, li AaHHbIe, HMeKWHeCSl B JlHTepaTyPe. napaMeTpb1 H3hleHIIiTWCb B CJIeAyKNQHX 

mranasoeax: Aaanenwe - OT 0,l AO 17,7 MH/M’, Tennosoll IIOTOK - 0,47-lo,64 MBT/M~, CKO~OCT~ 

- 0,08-9,15 M/CeK, HeAOrPeB - 3-96 K, MaKCHMNIbHbIft AHaMeTp IIy3bIpbKOB - 0,08-1,24 MM. 

MaKCWMNIbHOe BwMfl POCTa lQ’3bIpbKOB - 0,175-5 MCeK. 


