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Abstract-Heat transfer, for aiding mixed convection from vertical, uniform flux surfaces and for small 
forced convection effects, is considered here. Simple relations have been proposed to correlate the new 
experimental data which were obtained in a flow undergoing transition from a laminar regime toward 
turbulence. Experiments were performed in air at pressures ranging from 4.4 to about 8 bar. The correlation 
based on experimental data for laminar flow for Pr = 0.7 has been extended to other Prandtl numbers 
through numerical integration of the transport equations. It is shown that, for both laminar and turbulent 
mixed convection, the Nusselt number may be successfully correlated, employing suitable combinations 
of the corresponding heat transfer correlations for forced and for natural convection. The parameter 
characterizing the mixed convection effect was found to be different in laminar and turbulent flow. However, 
in each of these regions, the relevant parameter is proportional to the ratio of the applicable characteristic 

forced and natural convection velocity scales. 

1. INTRODUCTION 

COMBINED forced and natural convection, or mixed 
convection, commonly arises in nature and in tech- 
nological applications such as cooling of electronic 
components, loss of coolant accidents in nuclear re- 
actors [l], etc. The mechanisms of mixed convection 
from a vertical, uniform flux surface have been con- 
sidered theoretically by Wilks [2] and also by Carey 
and Gebhart [3]. In ref. [3] experimental results are 
also presented. Babezha et al. [4] report measurements 
of heat transfer rates for mixed convection from 
a vertical, uniform flux surface. The other experi- 
mental studies of mixed convection, by Kliegel [5], 
Oosthuizen and Bassey [6], Gryzagoridis [7] and 
Ramachandran et al. [8], were with an isothermal 
surface. 

All of the above studies consider only the laminar 
flow regime. Hall and Price [9] measured the effect of 
superimposing a forced, upward flow on a turbulent, 
natural convection boundary layer, again with aiding 
effects. The experiment was in air at atmospheric 
pressure in a vertical wind tunnel. Various levels of 
free-stream velocity were used. At low velocities, the 
heat transfer coefficient at a given downstream 
location was less than that for pure natural con- 
vection ; at higher velocities it increased. A minimum 
heat transfer coefficient occurred when the imposed 
free-stream velocity was same as the peak velocity 
measured with pure natural convection. All these 
results are for turbulent flow. 

The present set of experiments in air were at pres- 
sures in the range of 4.4 to about 8 bar and for various 
heat flux levels in the range 14-1300 W m- ?. This 
range encompasses laminar, transition and turbulent 
flow regimes. Simple relations are given to correlate 

the data. In the laminar regime, the correlation is 
based on experimental data for air (Pr = 0.7) ; it was 
extended to other values of Prandtl number by 
numerical integration of the governing equations. 

2. EXPERIMENTAL SETUP 

The test section is a lOO-dm3 pressure vessel, 76 cm 

high and 33 cm in diameter. The test surface assembly 
consists of two 0.013-mm-thick foils of Inconel 600, 
separated by layers of fabric, impregnated with a 

thermosetting resin. To measure the surface temper- 
ature, seven copper-constantan thermocouples, 
0.05 mm in diameter, were fused into the layers of 
the fabric. The assembly was 40 cm high, 15 cm wide 
and 0.018 cm thick, when bonded. 

The electrical circuit to heat the surface consisted 

of a O-40 V, &40 A regulated DC power supply, 
connected in series with the test surface and a 0.01 n 
precision resistor, to measure the current through the 
surface. The voltage drop across the test surface was 
independently measured by means of a digital volt- 
meter. These two measurements determine the total 
flux dissipated by the surface. From the measured 
surface temperature distribution, the net radiative flux 
correction was estimated. In our experiments, the 
maximum value of radiative flux correction amounted 
to no more that 15% of the total heat input. 

The air velocity in the test section was measured 
with a hot wire anemometer, DISA 55P14, calibrated 
using the method reported by Mahajan and Gebhart 
[lo]. The air temperatures were measured with a 
0.05-mm copper-constantan thermocouple. Both of 
these boundary-layer probes could be positioned at 
any location normal to the surface by means of a 
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NOMENCLATURE 

specific heat at constant pressure 
[ 1+ (O.O205/Pr)2’3] “4 

f&Jr) [l +(0.437/Pr)9”q’6’9 

G* 

W 
Gr, 
9 
h 
k 
n 
NU 
Pr 

4” 
Ra: 

Re, 
t 
0 

5(Gr:/5) us 
gpq”x4/kv 2 

gbx3(to- t,)/v2 
acceleration due to gravity 
heat transfer coefficient 
thermal conductivity 
a number 
Nusselt number, hx/k 
Prandtl number, pc,/k 
flux dissipated by the surface 
Rayleigh number, Gr:Pr 
Reynolds number, U,x/v 
temperature [“Cl 
time-averaged, local tangential velocity in 
the boundary region 
free-stream velocity 
a characteristic, laminar, natural con- 
vection velocity 
a characteristic, turbulent, natural con- 
vection velocity 
coordinate parallel to the surface and 
opposite to the direction of gravity. 

Greek symbols 

B coefficient of thermal expansion, 

(- ll~)(WW, 
a, mixed convection parameter, laminar 

flow, = Re,/(G*/5)2 
E,, f mixed convection parameter, turbulent 

flow, z Re,/Gr,*‘,” 

p dynamic viscosity 
V kinematic viscosity, p/p 

P density. 

Subscripts 
F forced convection 
F, t turbulent, forced convection 
f properties based on film temperature 
MC mixed convection 
MC, t turbulent, mixed convection 
N natural convection 
N, t turbulent, natural convection 

P at constant pressure 

; 
characteristic length scale 
quantity evaluated at the surface 

co quantity evaluated at a large distance 
from the surface. 

DISA 55HOl traversing mechanism. The voltage out- 
put from these probes and the surface thermocouples 
were processed through a data acquisition system 
consisting of a digital voltmeter, a scanner and a 
microcomputer. Experiments were performed at 
pressure levels of 4.4, 6.1, 6.8 and 7.9 bars. At each 
pressure level, several values of heat flux were used. 

3. RESULTS AND DISCUSSION 

This section presents the results from both our 
experiments and numerical calculations. The experi- 
mental results in the laminar regime are considered 
first. An appropriate correlation was determined for 
the measured heat transfer coefficients in air. Next, 
the results of numerical calculations are presented. 
These results allowed the extension of the above cor- 
relation to other Prandtl numbers. Finally, the data 
in the transition and turbulent regimes are considered. 
A suitable correlation was determined for heat 
transfer coefficients in the fully turbulent region, 
incorporating the data in ref. [9]. 

3.1. Laminar regime-experimental results 
In developing the correlation for the local heat 

transfer coefficient, h(x), along the surface, it is con- 
venient to employ the procedure of Churchill and 

Usagi [ 111. This involves expressing Nu,c, the local 
Nusselt number for mixed convection, as 

N&c = Nu”N t Nu; (1) 

where the subscripts N and F indicate local natural 
and forced convection values, respectively, and n is 
some number. For air Pr = 0.7 and for a uniform flux 
surface 

Nu, = 0.535m, from[l2] (2) 

Nur = 0.40,/Re:, from [ 111. (3) 

Based on the form of equation (l), Churchill [13] 
developed a correlation for predicting heat trans- 
fer coefficients in laminar, mixed convection from a 
vertical, uniform flux surface. For Pr = 0.7 that 
correlation is written as 

!!?z& [l+($%j]“3 (4) 

with 

Nu NC = 0.039Grj/4 = 0.039 [SBX3(:~etm)]“4. (5) 

For a uniform flux surface the known quantity is 
Grf, not Gr,. The two, however, may be related as 
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follows. By definition 

NU 
hx q"x Grf 

MC=k=k(to-t,)=Gr,. (6) 

Using equation (6) equation (5) is rewritten as 

NU 

By substituting equation (7) into (4), it is clear that 
the determination of Nu,e would involve solving an 
algebraic equation. For the correlation given in ref. 
[13] the value on n in equation (1) is 3. From equation 
(1). for Pr = 0.7, using n = 3 and the two-component 
Nusselt number correlations, equations (2) and (3) 
the correlation in ref. [13] is recast for a uniform flux 
surface as 

113 

. (8) 

Here, E, is a parameter that characterizes the relative 
importance of forced and natural convection effects. 
It is defined as 

E, E Re,/(G*/5)’ = Re,/(Grf/5)0.4. (9) 

A value of E, << 1 implies a dominance of natural 
convection and E, >> 1 implies that forced-convection 
effects are dominant. Also E, = VW/UC, where 
UC = vG*‘/25x is a characteristic laminar, natural 
convection velocity. On the other hand, with n = 4, 

equation (1) may be recast, for Pr = 0.7, as 

N%Ilc 0.1928 l/4 

-= 

JRe, 

2 +0.026 1 . hrl 
(10) 

In Fig. 1, the new data in the laminar regime have 

been plotted in the form of NuMc/JRexSvsc,. For 
these data, the sensors detected no fluctuations in 
either the flow velocity or temperature. Both equa- 
tions (8) and (10) are seen to correlate the data equally 
well, the r.m.s. of the deviation being about 4% for 
each. 

Two other correlations have been proposed by prior 
investigators for this same circumstance. That of 
Babezha et al. [4] is 

NUMC 
- = 0.37+0.325/~:~. 
,/Re, 

(11) 

Pr-0.7 

It is said to be valid in the range 0.005 < 
Gr:/Ret 5 <: 50. In that range equation (1 I) 
agrees with (10) to within 5%, and with equation (8) to 

within 2%. However, it cannot be used at the natural 
convection limit, i.e. as Re, + 0. It then tends to an 
infinite value of the Nusselt number. The correlation 
proposed recently by Shai and Barnea [14] takes the 
form 

NUMC - = 
JRe, 

(0.483Pr:‘2)3 

+ [0.616(~j’*(i;;;)‘irlljl;l. (12) 

FIG. 1. Local heat transfer rates in laminar, mixed convection from a vertical, uniform flux surface, as a 
function of the mixed convection parameter, +.,. 0 experiment; ~ equation (10); ~--- equation (8); 

-----equation (11). 
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In the range 0.4 < E, < 16, the r.m.s difference 
between this prediction and those of equations (8), 
(10) and (11) at discrete values of E,, is I %, 5% and 
2%, respectively. This formula was derived from quite 
simple analysis and was expected to be valid for values 
of Pr around 1. However, as Grz + 0 it yields 

NU 
- + 0.483Pr”*. 
JRe, 

In this limit, from ref. [ 151, the result from an integral 
method is 

NU 
- = 0.453Prfi3. 
4Rx.v 

Since equation (12) is also much more complicated, 
either equation (8) or equation (10) is recommended 
over the whole range, 0 < E, < co, for Pr = 0.07. 

3.2. Laminar regime-numerical results 
The correlations given above apply for values of Pr 

around 0.7. It would certainly be useful to extend 
their applicability to other Prandtl number values. 
However, there have been no experiments for other 
Prandtl numbers. Wilks [2, 161 reported numerically 
calculated heat transfer rates over the range 
0.01 < Pr < 100. However, these results exhibit con- 
siderable scatter for Prandtl numbers differing from 
unity, see ref. [13]. 

The numerical results reported here were obtained 
by solving the governing equations through the box 
scheme developed by Keller [17]. This is an implicit 
scheme, details of which are found in ref. [ 181. In this 
study variable grid size was used both in normal and 
tangential directions. 

In order to test the general applicability of a cor- 
relation in the form of equation (l), it is convenient 

to rearrange (1) into the following two forms : 

($++($J (13) 

($J=l+(zJ (14) 

where 

Nu, = (0.6315Pr”5Gr~‘/s/fN(Pr)1/s from[l2] 

&(Pr) = [1+(0.437/Pr)91’6]‘6’9 (15) 

Nu, = (0.464Pr”‘Rei’*)/fF(Pr) from [l l] (16) 

f,(Pr) = [l +(0.0205/Pr)213]1’4. 

Figure 2 shows the numerical results for NuMC at 
various values of Prandtl number, plotted in terms of 
the groupings given by equations (13) and (14). The 
numerical results are for Pr = 0.01, 0.1, 1, 10 and 100. 

Three representative values of n (2, 3 and 4) are 
considered. For Nu,/Nu, < 1, the r.m.s. differences 
between the numerical results and equation (14) are 
1.7% and 2.3% for n = 3 and 4, respectively. For 
NuJNur > 1 the r.m.s. difference between the 
numerical results and equation (13) is 1.3% and 1.7% 
for n = 3 and 4, respectively. The following cor- 
relations are therefore recommended : 

NUMC NUN 
-= 

NUN 
if F>l (17) 

F 

NUMC 
-= 

NUF 

if $<l. (18) 
F 

The same correlations are recommended in ref. [13]. 
However, the recommendation in ref. [ 131 was based 
primarily on the numerical results for Pr = 1. The 

1.25 
l- n=2/ 

. 
1 

FIG. 2. A general correlation based on numerically obtained results for local heat transfer rates in laminar. 
mixed convection from a vertical, uniform flux surface. 0 Pr = 100; 0 Pr = 10; @ Pr = 1 ; * Pr = 0.1 ; 

l Pr = 0.01. 
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numerical result for Pr # 1 in ref. [ 131 shows considerable 
scatter. Equation (17) indicates that for forced con- 
vection to have an effect of 5% or less on the Nusselt 
number 

where 

E, < 12.10g2(Pr) (W 

g(Pr) z 
.MW 

[&(Pr) Przi3]“s’ 

Similarly, for the effect of natural convection to be 
less than 5% on the heat transfer, equation (18) gives 

E, > 1.03g2(Pr). (21) 

Thus the effective mixed convection region is 

1.03 < sm < 12.10. 
s 

3.3. Transition and turbulent regime-experimental 
results 

So far only the laminar flow data have been con- 
sidered. However, laminar flows are generally sus- 
ceptible to breakdown due to growth of ever-present 
disturbances. It is now well established [19] that such 
a breakdown is not abrupt. Rather, downstream of 
the first appearance of concentrated turbulence, the 
flow undergoes a gradual transition to full turbulence. 
A long transition region arises. Changes in the trans- 
port mechanisms occur and the heat transfer 
coefficient will deviate from its value corresponding 
to laminar flow. It is important to know the bounds 

of the transition region. The criteria for determining 
the beginning and end of the transition region are 
discussed in ref. [ 191. 

The experiments considered here involved small, 
forced-convection effects for flow in the transition 
regime. The analysis of these data, based on con- 
siderations discussed in ref. [19], indicates that fully 
turbulent flow did not occur in these experiments. The 
only heat transfer data for a fully turbulent, vertical, 
mixed convection flow are those of Hall and Price [9]. 
Since there is no heat transfer correlation of turbulent, 
mixed convection, the data in ref. [9] were used here 
to develop such a correlation. 

In ref. [9], downstream surface temperature dis- 
tributions were measured for various levels of air velo- 
city and input heat flux, at atmospheric pressure. 
These distributions are given graphically in ref. [9], 
making it possible to determine the values of cor- 
responding local Nusselt numbers. The results are 
shown in Fig. 3. Also shown are data obtained from 
our experiments ; these correspond to the transition 
region upstream. 

The heat transfer correlation is based on the kind 
of general formulation used above in the laminar 
regime. It consists of combining the turbulent, forced 
and natural convection correlations. For turbulent, 
forced convection from a uniform flux surface, the 
correlation [20], for Pr = 0.7, is 

Nu, t = 0 024Re0.8. . . x (23) 

For turbulent, natural convection, a common form of 

PrEB.7 

* DATA FROM OUR EXPTS. 

+ DRTR FROM I: 9 I 

FIG 3. A correlation for heat transfer rates in turbulent, mixed convection from a vertical, uniform flux 
surface. 

“AT 29:8-K 
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correlation is 

Nu,, = CGrf’14. (24) 

However, as indicated in ref. [21], there is no con- 
sensus on the appropriate value of C. The three 
different values, 0.17,0.21 and 0.16, are suggested by 
earlier investigators. It is recommended in ref. [21] 
that C = 0.17 be used since it yielded the best fit to 
that data. 

The form of the turbulent mixed convection cor- 
relation was taken as 

(25) 
A non-linear regression fit for the data from ref. [9], 
using Nu,,, as given in (23), yielded C = 0.229 and 
n = 3. The resulting correlation for turbulent, mixed 
convection is 

(26) 

This relation is re-written as 

%=f(,=f(g-q 

= F, = 6 (~,d. (27) 

As Grl-+ 0, E,,~ + 00 and equation (26) indicates 
that NuMc,, -+ Nur,,. Similarly as Re, -+ 0, E,,, --) 0 and 
equation (26) indicates that Nu,,, + Nu,~,. Thus, E,,, 
appears to be a legitimate mixed convection 
parameter, in that both limits are correctly obtained. 

Recall that, in laminar regime, the mixed con- 
vection parameter was 

Re, u, 

That is, E, is equal to l_J,/U, where U, is a charac- 
teristic, laminar, natural convection velocity. There- 
fore, it is instructive to examine the parameter in (27), 
E ,,,,, in terms of U, and UC,,, where UC,, is a charac- 
teristic turbulent natural convection velocity. That is, 
may E,,,~ be interpreted as 

Rex U,xlv u, 
E,,, = ___ = - = _. 

G,.*0.3125 
UCSXIV UC,, * 

(28) 

To this end, some of the studies in turbulent, natural 
convection are next considered. 

Based on scaling arguments, George and Kapp [22] 
have proposed a theory for developed, turbulent, 
natural convection. It is proposed that the boundary 
layer be treated in two parts. There is an outer region 
in which viscous and conduction terms are negligible. 
In the inner region the mean convection terms are 

negligible. The inner region is shown to be charac- 
terized by a constant heat flux. It is further shown 
that the inner region consists of conductive, viscous 
and buoyant sublayers. One kind of prediction of the 
model, is the form of the velocity and temperature 
profiles in the sublayers. In addition the heat transfer 
result from the model is in agreement with the experi- 
mental data reported in literature. Details are given 
in ref. [22]. 

Since the heat flux across the inner layer is constant 
and as the mean temperature level decreases, it may 
be surmised that temperature fluctuations are growing 
in this region at the expense of the mean flow. 
However, the action of convection in reducing the 
temperature level is felt only in the outer layer. It 
is therefore expected that the characteristic velocity, 
relevant to the heat transfer process, is the velocity 
corresponding to the outer layer. Thus UC,, should be 
at least proportional to the outer velocity scale, as 
defined in ref. [22]. From ref. [22] the outer velocity 
scale is U,,, where 

u. ~ d’im Ii3 ( > PCP 
and 

d, = 
s 

,m&dy, 

Equation (29) may be rewritten as 

u,x 1 “) gflq”X36, 

( > v-pr’ls r . 

(29) 

The data from ref. [9] were for air, Pr = 0.7. Since 
(0.7) “3 - O(l), we may write 

Comparing equations (28) and (30), it is seen that if 

6 0 l/3 

-!! 

X 
N O(1) 

then 

u0 IX . u, tx _ Gf,*0.33 N ~,.,*0.3’25 = A, 

V V 

(31) 

However, the data available in the literature for 
turbulent, natural convection in air is not extensive 
enough to test thoroughly the validity of (31). Never- 
theless, based on the two data points available for 6, 
[23], (&/x)“~ N 0.3. Thus it appears reasonable to 
surmise that the Nusselt number for turbulent mixed 
convection, suitably normalized, is a function solely of 
the ratio of the relevant characteristic velocity scales, 

U,IU,.,. 

4. CONCLUSION 

Experimental data are given for heat transfer in 
mixed convection adjacent to a vertical, uniform flux 
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surface. The data span all the three flow regimes: 
laminar, transition and turbulence. Simple relations 
to correlate the heat transfer data are given. The 
method of combining the Nusselt number correlations 
of forced and natural convection, in formulating the 
Nusselt number correlation for mixed convection 
transport, is shown to be quite successful-even for 
fully turbulent flow. It has also been shown that the 
Nusselt number for mixed convection, normalized 
suitably, is solely a function of the ratio of relevant 
characteristic velocity scales, in both laminar and 
turbulent flow. 
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TRANSFERT THERMIQUE PAR CONVECTION MIXTE SUR UN ECOULEMENT 
VERTICAL TRAVERSANT LA TRANSITION 

R&m&-On considbre le transfert thermique pour une convection mixte aid&e sur des surfaces verticales 
a flux constant et pour des effets de convection for&.e faible. Des relations simples sont proposees pour 
unifier les nouvelles donnbes experimentales. On obtient de nouveaux resultats pour un ecoulement de 
transition entre les regimes laminaire et turbulent. Des experiences sont faites dans l’air a des pressions 
allant de 4,4 a 8 bar environ. La formule bas&e sur l’ecoulement laminaire pour Pr = 0,7 est itendue a 
d’autres nombres de Prandtl a partir de l’intbgration numerique des equations de transport. On montre 
que pour la convection mixte laminaire ou turbulente, le nombre de Nusselt peut &tre correctement 
reprtsente en employant des combinaisons convenables des formules correspondantes de transfert ther- 
mique pour les convections naturelle ou for&e. Le parametre qui caracterise l’effet de convection mixte est 
trouve different en ecoulement soit laminaire, soit turbulent. Ntanmoins dans chaque region, le parametre 
significatif est proportionnel au rapport des &chelles de vitesse c;ha&ristiques de la convection naturelle 

ou for&e. 
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WARMEUBERGANGIN EINERVERTIKALEN STRUMUNGBEIM OBERGANG VOM 
LAMINAREN ZUM TURBULENTEN GEBIET 

Zusammenfassung-Es wurde der WIrmeiibergang fiir die aufwirtsgerichtete Mischkonvektion an ver- 
tikalen Oberfllchen mit konstanter W$nnestromdichte und fiir geringen EinfluD der erzwungenen Kon- 
vektion betrachtet. Eine einfache Beziehung wird vorgeschlagen, urn die neuen experimentellen Daten zu 
korrelieren. Die neuen Daten fiir den WInneiibergang wurden fiir eine Striimung ennittelt, die vom 
laminaren in den turbulenten Bereich iibergeht. Die Experimente wurden mit Luft bei Driicken zwischen 
4,4 und 8 bar durchgefiihrt. Die auf experimentellen Daten fiir laminare Striimung und fiir Pr = 0,7 
basierende Korrelation wurde durch eine numerische Integration der Transportgleichungen auf andere 
Prandtl-Zahlen erweitert. Es wird gezeigt, daI3 fiir laminare und turbulente Mischkonvektion die Nusselt- 
Zahl erfolgreich korreliert werden kann, wenn man geeignete Kombinationen von entsprechenden Wgr- 
meiibergangsbeziehungen fiir erzwungene und natiirliche Konvektion verwendet. Es ergab sich, daS der 
die Mischkonvektion charakterisierende Parameter bei laminarer und turbulenter Striimung verschieden ist. 
Jedoch ist in jedem dieser Bereiche der wesentliche Parameter proportional zum Verhiiltnis des geeigneten 

charakteristischen GeschwindigkeitsmaDstabes fiir erzwungene und natiirliche Konvektion. 

TEHJIOl-IEPEHOC CMEIIIAHHOn KOHBEKUMER I-IPM BEPTMKAJIbHOM 
IIEPEXOAHOM TE9EHMM 

AwoTauHn-B HacToaureB CTaTbe paccMaTpueaeTcs TennonepeHoc CMemaHnoii KoHeeKuaefi OT noeepx- 
HOCTeii BepT&lKa,,bHOrO OnHOpOnHOrO nOTOKa npH He3HaWTe,IbHOii pOJIH BbIHyWIeHHOii KOHBeKUBH. 

npennoaeHb1 npOCTbIeCOOTHOUIeHAID,TKonFfcaHHn H~B~Ix~KC~~~HM~HT~~H~IX~~HH~IX~JIKT~~JI~~~- 

pCHOCa npH IlCpeXOile OT JlaMWiapHOrO TCWHAK K Typ6yJIeHTHOMy. BbInOJIHeHbI 3KCI'IepHMeHTbI LlJlll 

Bo3nyXa B naanasoae (4,4-8)6ap. nOnyYCHHaR Ha OCHOBe 3KCnepHMeHTaJIbHbIX naHHbIX nnn JIaMsHap- 

HOrO "OTOKa "pk, Pr= 0.7 3aBHCHMOCTb C nOMOU,bX) YACJleHHOrO AHTerpHpOBaHHK ypaBHeHBii nepe- 

Hoca o6o6ureHa Ha npyrwe 3HaYeHm wcna ~pasmnr. noKa3aHo, YTO H npH nahfiiHapHo~, I( npe 

Typ6yJleHTHOfi CMeUIaHHOii KOHBeKUIfll KpATepHanbHyfO 3aBBCHMOCTb &JTll 'IHCna HyccenbTa MOXKHO 

yCneUIH0 OnHCaTb, ACnOJIb3yR COOTBeTCTByKNUHe KpHTepiWIbHbIe 3aBHCHMOCTH NIK TenJIOnepeHOCa 

npe BbUIyWleHHOii R eCTeCTBeHHOii KOHBeKUWA. YCTaHOBJleHO, ST0 napaMeTp, XapaKTepSf3yEOLIUiii 

BnHIlHAe CMeUIaHHOfi KOHBeKLWU, pa3JUi'ieH NISI JIaMHHapHOrO H Typ6yJleHTHOrO Te'IeHWl. OnHaKO B 

060~~ peWWaX yKa3aHHblii napaMeTp npOnOpU&iOHaJleH OTHOUICHHIO XapaKTepHbIX MaCUITa6OB CKO- 

pOCTCti,kICUO,lb3yCMbIXnpH OnMCaHIIkl BbIHyxW%,HOi-iHeCTeCTBeHHOii KOHBeKUWW. 


