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Abstract

Local turbulent mixed convection heat transfer in inclined (from u = 0� (horizontal position) till u = 90� (vertical
position)) flat channels for opposing flows was investigated for the case when only bottom wall is heated (unstably strat-

ified flow conditions). Wide ranges of airflow parameters are covered: Re = 4 · 103–6.6 · 104, Grq = 4.7 · 107–
6.3 · 1010, pressure p = 0.1; 0.2; 0.4; 0.7; 1.0MPa. Correlation for calculation of heat transfer in inclined flat channels
was suggested for the region without buoyancy instabilities. The experimental data were compared with the recent

experimental data for inclined flat channels when upper wall is heated (stably stratified flow conditions).
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1. Introduction

Internal mixed convection heat transfer in different

channels can be applied to nuclear power technology,

chemical process heat transfer, electronic cooling, etc.

Significant heat transfer enhancement may be realized

by mixed convection in some situations, especially in

opposing flows. Thermally stratified flows, in which

buoyancy plays an important role in turbulent transport

of heat, mass and momentum, occur in the ocean, the

atmospheric boundary layer, and also in many industrial

operations.

Due to the importance of the problem for engineer-

ing applications much attention has been concentrated
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by researchers to the turbulent mixed convection heat

transfer investigations in vertical circular tubes. Reviews

on mixed convection have been published by Metais and

Eckert [1], Jackson et al. [2], Petukhov and Poliakov [3],

Vilemas and Poskas [4], Jackson [5] etc. An interesting

fact disclosed is that for aiding flows the effectiveness

of heat transfer can be seriously impaired as a result of

buoyancy forces modifying the production of turbulence

and laminarizing the flow. However, if higher buoyancy

parameters are applied, heat transfer recovers and be-

comes even higher than forced convection heat transfer.

For opposing flows heat transfer increases when the ef-

fect of buoyancy increases.

Number of correlations has been proposed to de-

scribe mixed convection heat transfer in vertical tubes.

First of all correlations for mean heat transfer have been

proposed, for example, by Charchil [6], Petukhov [7],

Swanson and Catton [8] (for vertical channel) etc. Later

on, when investigations of local heat transfer coefficients
ed.
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Nomenclature

Bo buoyancy parameter, Bo = Grq/(Re
3.425

Pr0.8)

Bo2 buoyancy parameter, Bo2 = Grq/(Re
2.5Pr)

b channel width (m)

cp specific heat (J/(kgK))

de equivalent diameter of the channel, de = 2hb/

(h + b) (m)

Grq Grashof number defined by the heat flux

specified on the surface, Grq ¼ gbd4eqw=m
2k

g acceleration due to gravity (m/s2)

h channel height (m)

Nu Nusselt number, Nu = de/k
Pr Prandtl number, Pr = lcp/k
p pressure (Pa)

q heat flux density (W/m2)

Re Reynolds number, Re = ufde/m
T temperature (K)

u flow velocity (m/s)

x distance from the heating origin (m)

Greek symbols

a heat transfer coefficient, a = qw/(Tw � Tf)

(W/(m2K))

b volumetric expansion coefficient (1/K)

k thermal conductivity (W/(mK))

m kinematics viscosity (m2/s)

l dynamic viscosity (Pas)

u angle (degree) or (rad) (in correlations)

Subscripts

f in the flow

T forced turbulent convection

w at the wall

in at the inlet

w temperature factor
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have been performed correlations for stabilized heat

transfer have been proposed, by Petukhov and Poliakov

[3], Jackson et al. [2], Poskas and Poskas [9] (for vertical

flat channel) etc.

In Vilemas et al. [10] correlations for calculation of

local heat transfer coefficients along the tube for aiding

airflow for different temperature factors was proposed

based on authors data. In Poskas et al. [11] it was clearly

demonstrated that for aiding flows the position of the

minimum heat transfer, authors called it critical value

of buoyancy parameter Bocr, and the level of heat trans-

fer at this point (Nu/NuT)cr are both closely related to x/

de in the thermal entrance region. And this gave the

explanation why there is such big difference on heat

transfer data from different investigations. Correlation

for calculation of Bocr, minimum heat transfer, local

heat transfer in the region of the decreasing heat trans-

fer (Bo < Bocr) within x/de = 50 have been proposed.

For x/de > 50 these parameters are not more x/de depen-

dent. It was also demonstrated that in the region of

recovering heat transfer (Bo > Bocr) relative heat trans-

fer in airflow is actually independent of x/de and heat

load.

Correlation for mean heat transfer in vertical tubes

for aiding water flows taking into account effect of the

length of the tube have been proposed in Aicher and

Martin [12] based on authors data and some data avail-

able in the literature. For opposing flows the new corre-

lation for heat transfer calculations was also proposed

but it was indicated that in this case it seams no influence

of the L/d ratio on the heat transfer rate. In Celata et al.

[13] the new correlation for calculation of mean heat

transfer for aiding water flows in the vertical tubes was
proposed based on authors data. This correlation takes

into account dependence of heat transfer rate on the rel-

ative tube length L/d.

Studies on turbulent mixed convection in horizontal

channels are not numerous and mostly have been per-

formed in horizontal tubes (Petukhov and Poliakov

[3]). Due to effect of secondary flows and stratification

of the flow significant variation of heat transfer around

the perimeter of the tube was detected.

There are no secondary flows related to natural con-

vection in horizontal flat channels and this facilitates an

analysis of the effects of both stable and unstable strati-

fication of density on the turbulent transport. The unsta-

ble stratification leads to an augmented heat transfer,

while the stable stratification leads to a decreased heat

transfer and ends with a transition to the laminarized

mode of the heat transfer (we are also applying this ter-

minology for inclined channels). The correlation for the

calculation of heat transfer in horizontal flat channels

under such conditions was suggested in (Petukhov and

Poliakov, [3]), based on the experimental data in air flow

at atmospheric pressure.

Investigations of turbulent mixed convection in in-

clined flat channels are very limited. Investigations of

the local heat transfer for different inclination angles

of the flat channels for aiding flows have been performed

at Lithuanian Energy Institute by Poskas et al. [14]. It

was revealed that in case of stable density stratification

and two side heating conditions, the maximum decrease

of heat transfer does not depend on the orientation of

the flat channel, but the critical buoyancy parameter is

closely related to the inclination angle. For an unstable

density stratification case, the relative heat transfer rate
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is loosely related to the inclination angle of the channel

in the interval of u = 0�60�.
Experimental data on heat transfer for opposing

flows under stable stratification have been presented in

Poskas and Poskas [15]. Based on analysis of local heat

transfer data and existing information in the literature

three characteristic regions in the buoyancy parameter

range investigated were identified: region without buoy-

ancy instabilities, transition region and region with

buoyancy instabilities in whole heated section. For the

region without buoyancy instabilities correlation for cal-

culation of heat transfer in inclined flat channels was

suggested.

The aim of this paper is to present experimental re-

sults on local heat transfer in the inclined flat channels

for unstably stratified flow (only bottom wall heated)

in case of opposing turbulent mixed convection, with

special emphasis on the analysis of the possible flow

modes based on local heat transfer data and existing

information in the literature.
2. Experimental rig

Tests were performed on the rig built for the mixed

convection investigations at the Laboratory of Nuclear

Engineering, Lithuanian energy institute. Fig. 1 presents

a scheme of the aerodynamic setup. Atmospheric air, re-

duced under a pressure of up to 0.3–0.8MPa, comes

from compressors (1) to the first group of receivers (2).

Here it loses some moisture. After that air is directed

to the dryer (3) and to the second group of receivers

(4). Then it passes one of the three parallel lines with

paired flow metering orifices (5) having different flow

cross-sections, and intakes into experimental rig (6),
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Fig. 1. The aerodynamic setup: 1—compressors; 2—the first

group of receivers; 3—dryer; 4—the second group of receivers;

5—flow metering orifices; 6—experimental rig; 7—bypass

valves; 8—electric generator; 9—shunt.
then the air is released into the atmosphere via bypass

valves (7).

The air pressure and flow rates are controlled by

bypass valves (7). Direct electric current generator (8)

was used for heating the elements of the experimental

section. The current strength was regulated by varying

the voltage, applied to an excitation winding of the gen-

erator, and determined from the voltage drop on shunts

(9) of accuracy class 0.5. The high stability of the gener-

ated voltage, which also means the stability of the sup-

plied heating power, was attained by a special

electronic control device with feedback consisting of

the voltage drop at the test section.

A special test section (Fig. 2) for the studies of heat

transfer for mixed convection in a flat channel was con-

structed at the Laboratory of Nuclear Engineering,

Lithuanian energy institute. The flat channel has a

height-to-width ratio of about 1:10 (40.8:400mm) and

it is 6260mm long. The channel consists of a fluid-dy-

namic stabilizer and a calorimeter. The stabilizer is

2370mm long. Its height and width are the same as that

of the calorimeter. The entrance to the channel is fitted

with a well-designed smooth intake with an array of

laminarizing grids. The calorimeter is 3890mm (x/

de � 50) long. The test section contains two central
and two lateral duraluminium plates. The internal side

of this duraluminium rig is insulated by 120mm thick

asbestos strips on the central plates and by 60mm thick

asbestos-cement strips on the lateral plates. The calori-

metric heated surfaces of the two central plates are made

of stainless steel foil 0.38mm thick and 370mm wide,

fixed at the inlet to the brass contacts.

In order to achieve higher values of Grq and higher

effects of buoyancy pressurized air up to 1.0MPa was

used. For this purpose the whole test section had to be

placed in a pressure vessel of an 870mm diameter and

7200mm long. The vessel consists of two halves fixed to-

gether by flanges.

The temperature of the calorimeter test-surface

(heated foil) was measured by 25 chromel–alumel
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Fig. 2. Test section geometry (not to scale).



Fig. 3. The relation between the heat transfer and Re for the

opposing flows in one-side heated inclined (u = 30�) flat
channel (x/de = 42). 1—forced convection for constant fluid-

physical properties, 2—forced convection for variable fluid-

physical properties (experimental conditions, w = Tw/Tf = 1.2–

1.3).
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thermocouples of a 0.3mm diameter wire, which are

fixed to the outer surface of the test foil. Longitudinal

voltage drop on this heated foil was measured by the

same thermocouples. Thermocouples also measured

the temperatures in the insulation layers, which were

used to define the losses.

The above construction enables experiments on heat

transfer in a flat channel for different pressures of the

heat carrier (air). The air was supplied through the top

of the channel, so the experiments were accomplished

on downward flow with one-side (bottom wall) heating

of the channel. All experiments were performed at the

limiting condition qw = const and a wall-fluid tempera-

ture difference up to 150K.

The air pressure was measured using manometers.

Well-type differential manometers filled with distilled

water measured the pressure drops across the orifices.

Electric signals from thermocouples and pressure

probes as well as voltage drops on the calorimetrically

measured surface and shunt were all recorded automat-

ically by a computer-based data acquisition system, and

processed on line.

When calculating convective heat flux, losses of the

heat through the insulation, conductive flux along calo-

rimeter wall and losses of the heat due to radiation were

taken into account. Special calibration experiments were

performed to determine the heat loss through the insula-

tion. During these experiments channel�s cross-section
was filled with insulation material to avoid heat transfer

due to natural convection. So, in this case the heat from

the calorimetric foil was directed only through the

thermal insulation to the environment. The temperature

difference in the insulation was fixed by paired thermo-

couples. Calibration values (q)is = f(DTis) were approxi-
mated by the second order polynomial and used in

basic experiments for evaluation of the heat losses.

In the primary interpretation of the data, the values

of Nu, Re, Grq and Pr were evaluated. Local bulk flow

velocity, temperature and equivalent diameter of the

channel were used as reference values.

Experimental uncertainties were as follows: Re—2.6–

3.1%, Nu—2.8–3.8%, Grq—2.6–5.5%. The methodology

presented by Schenck [16] was applied for the evaluation

of uncertainties.

The more detailed description of experimental rig

and methodology is presented in Poskas and Poskas

[15].
Fig. 4. The relation between the heat transfer and Re for the

opposing flows in one-side heated inclined (u = 0�) flat channel
(x/de = 42). 1—forced convection for constant fluid-physical

properties, 2—forced convection for variable fluid-physical

properties (experimental conditions, w = Tw/Tf = 1.2–1.3).
3. Results

Experimental investigations have been performed in

the wide range of parameters (Re = 4 · 103–6.6 · 104,
Grq = 4.7 · 107–6.3 · 1010) for different air pressure
(0.1; 0.2; 0.4; 0.7; 1.0MPa) provided for one-side (bot-

tom wall) heating.
Variation of stabilized (quasistabilized) heat transfer

upon Re number for different air pressures is presented

in Figs. 3 and 4.

Figs. 3 and 4 show the close dependence of the heat

transfer rate on air pressure in the channel. The higher

the pressure (the higher Grq) is, the more intensive the

heat transfer rates are. For highest Re numbers heat

transfer rates are approaching the level of forced convec-

tion heat transfer. Mixed convection is not important in

this turbulent region, because the hydrodynamic turbu-

lence at these Reynolds numbers is much stronger

than the natural convection mechanism and dominates

the heat transfer. In case of inclined channels for the

smallest Re numbers at all pressures Nu numbers are
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increasing suddenly (Fig. 3). Such changes at the small-

est Re numbers is related with the changes of heat trans-

fer regimes. It is necessary to notice also that for such Re

numbers rather significant pulsations of surface temper-

atures were observed during experiments that are related

to the buoyant instabilities. Similar results were received

also for higher inclination angles (u = 60�) and in verti-
cal channel (u = 90�). Such instabilities were revealed
also in case of stable stratification (Poskas and Poskas

[15]).

Different situation is in the horizontal channel (Fig.

4). At small air pressures (0.1–0.4MPa) even for the

smallest Re numbers Nu number is still dependent on

Re number and no evidence of the change in heat trans-

fer process. When the air pressure is higher heat transfer

becomes practically not dependent on Reynolds number

at p = 0.7 from Re � 7000 and at p = 1.0MPa from

Re � 8000. So really we have natural convection here
and there is no sudden ‘‘jump’’ as in case of inclined

channels.

Variation of the relative heat transfer along inclined

channel (u = 30�) is presented in Fig. 5. For normaliza-
tion of mixed convection heat transfer (Nu), Nusselt
Fig. 5. Longitudinal variation of relative heat transfer, for

different Rein (u = 30�).
number, which stands for heat transfer in the case of a

pure forced convection (NuT) was evaluated for the same

Re numbers, for which the experiments were performed.

To evaluate the effect of variable physical properties of

the fluid (in these experiments it is not very significant)

a technique suggested for annuli (in the limiting case–flat

channel) by Vilemas et al. [17] was applied

NuT
Nuw¼1

¼ 1� 0:744f1� exp½�K fðaf þ nlUK fÞ	g; ð1Þ

here a ¼ �0:53nq � 1
3
nk � 1

4
nc,

f ¼ 1� expð�0:1~xÞ;

U ¼ 1:25 � ð0:01~xÞ
2

1þ ð0:01~xÞ2
;

~x ¼ x
de

;

K f ¼
qwde

kfT fNuw¼1
;

nq,nk,nc,nl, are exponents in the functions, which evalu-

ate temperature-dependent properties of individual

gases. For calculations approximate values can be ap-

plied. For diatomic gases they are: a = 0.26, nq = 0.70.

The value of Nuw=1 for constant fluid-physical proper-

ties (w = Tw/Tf = 1) and one-side heating was found

from the following correlation (Petukhov and Poliakov

[3])

Nuw¼1 ¼ 0:01935Re0:8Pr0:6ð0:86þ 0:8ðx=deÞ�0:4Þ; ð2Þ

As it was shown by Poskas and Poskas [15] in case of

opposing mixed convection under stable stratification

conditions in inclined channel or in vertical channel

three types of heat transfer regimes can be distinguished

1. Regimes with monotonic increase of heat transfer

with increasing of x/de due to buoyancy and with

some decrease after some x/de due to decrease of

buoyancy parameter Bo2 along the channel.

2. Regimes with local heat transfer minimum at some x/

de and sharp increase of heat transfer after that.

3. Regimes with sharp increase of heat transfer starting

from the beginning of the heating section.

The same situation is also in inclined channels with

unstable stratification (Fig. 5). Data for the highest Re

numbers (Re = 5.4 · 104–6.6 · 104, Fig. 5(a) and (b))
demonstrate that for the conditions of these experiments

the Nu/NuT ratio is close to 1.0 and we have here the

forced convection regimes or regimes close to forced

convection. For smaller Re numbers (Re = 8300–21000

at p = 0.4MPa (Fig. 5(a)) and Re = 25000 at

p = 0.7MPa (Fig. 5(b))) the effect of buoyancy on heat

transfer is expressed very well: due to turbulization of
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the flow under unstable stratification conditions heat

transfer is increasing with x/de until x/de � 15–20 is
reached. After that the relative heat transfer is decreas-

ing slowly. Analysis showed that such decrease of rela-

tive heat transfer is related to the decrease of

buoyancy parameter Bo2 along the channel. For smaller

Re numbers such decrease is more significant. However

for the smallest Re numbers (Re = 4300–5500, Fig. 5(a);

Re = 9300, Fig. 5(b)) character of the heat transfer var-

iation along the channel is completely different. In these

cases at some x/de sharp increase in heat transfer is no-

ticed. In case of Re = 7200 at p = 0.7MPa (Fig. 5(b)) the

sharp increase of the heat transfer is starting already

from the beginning of the heating section.

Results for horizontal channel (u = 0�) are presented
in Fig. 6. Data for the highest Re numbers (Re =

5.4 · 104–6.6 · 104) are close to the forced convection re-
gimes. For smaller Re numbers due to turbulization of

the flow heat transfer is increasing with x/de until x/

de � 10–15 is reached (Fig. 6(a) and (b)). After that the
relative heat transfer is decreasing slowly. So, in case

of horizontal channel only regimes with monotonic in-

crease of heat transfer exist.
Fig. 6. Longitudinal variation of relative heat transfer, for

different Rein (u = 0�).
4. Discussion of results

We are analyzing turbulent flow (Re P 4000) in the

hydrodynamic stabilization region and in the heated sec-

tion. But it is known from recent investigations (Poskas

and Poskas [15], Poskas et al. [18]) that at high Bo2
parameter values local flow separation can occur like

in laminar flows, and this creates buoyancy instabilities.

Dynamics of the position of local minimum heat

transfer-based on our experimental results is presented

in Fig. 7. There is conditionally accepted that minimum

heat transfer is at the end (x/de � 40) of channel when
impact of buoyancy is rather small. When buoyancy

forces increases (Bo2 up to 0.7), there are regimes with

clear expressed minimum heat transfer at some x/de.

When Bo2 > 2 heat transfer minimum is shifted to the

beginning of the heated section of the channel. So Fig.

7 represents three typical regimes. Until Bo2 6 0.7 there

are regimes without buoyancy instabilities. In the region

0.7 6 Bo2 6 2 at the beginning of the heated section

there is no buoyancy instabilities but at some x/de local

separation of the flow occur and buoyancy instabilities

are generated that sharply increase heat transfer rate.

For Bo2 > 2 buoyancy instabilities exists in all heated

section and heat transfer is increasing sharply starting

from the beginning of the heated section.

It is evident from Fig. 7 that under unstable stratifi-

cation conditions local heat transfer minimum and here-

with flow separation is shifted towards the higher

buoyancy parameter values in comparison with stable

stratification case. This could be explained by the spe-

cific of the velocity profiles in stably and unstably strat-

ified flows. Experimental investigations by Petukhov and

Poliakov [3] performed in horizontal channels with

both sides heating indicate that under effect of stable

(upper wall heated) and unstable (bottom wall heated)

stratification velocity and temperature profiles become

asymmetrical. Under effect of unstable stratification
Fig. 7. The relation between the position f the local heat

transfer minimum and buoyancy parameter Bo2.



Fig. 8. The relation between stabilized (x/de = 42) heat transfer

and Bo2 for the opposing flows in a one-side heated inclined flat

channel for different inclination angles u: 1—Eq. (4).
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turbulence of the flow is increasing and velocity and

temperature profiles become flatter then in forced con-

vection (unstratified flow) case. In the region of stable

stratification the flow is laminarized and velocity and

temperature profiles are approaching profiles typical

for laminar flow. Accordingly, the velocity (and temper-

ature) gradient at the surface and therefore the surface

shear stress is larger for unstable stratification than in

case of stable or unstratified flow. Separation of the flow

from the surface occurs when velocity gradient at the

wall becomes zero. So, this condition for unstable strat-

ification case will be meet at higher x/de or Bo2 parame-

ter values than in case of stable stratification.

Experiments show more strong correlation between

(x/de)min and Bo2 in the transition region (0.7 6 Bo2 6 2)

for unstably stratified flow than for stably stratified one

(Fig. 7). It seams local flow separation (position of the

heat transfer minimum) is very sensitive not only to

Bo2 variations.

Calculations by Poskas et al. [18] performed using k–

e turbulence models confirm existence of such regimes.
Experiments show that at high Re numbers wall temper-

ature is monotonically increasing with x/de. Modelling

results demonstrate the same tendency. The velocity in

the whole cross-section is downward oriented. For smal-

ler Re numbers experiments show sharp decrease of wall

temperature starting from x/de (Nu is increasing shar-

ply). Numerical results do not follow this but air flow

at the heated wall is oriented already upward when in

the most part of the cross-section it is oriented down-

ward (direction of forced flow). Such velocity profile

has been measured experimentally by Jackson et al.

[19] but for much smaller Re number (Re = 2000) when

at the inlet to the heated section the flow is still laminar.
5. Correlation of the data

In Poskas et al. [20] analysis of heat transfer data at

different pressure of the air for aiding flows in vertical

flat channel was performed using three buoyancy param-

eters Bo = Grq/(Re
3.425Pr0.8), Bo1 = Grq/(Re

2.75Pr1.12),

Bo2 = Grq/(Re
2.5Pr). It was demonstrated that different

buoyancy parameters must be used for correlation of

the data in heat transfer decreasing and recovery regions.

For heat transfer decreasing region buoyancy parameter

Bo is most suitable, but in the recovery region buoyancy

parameter Bo2 must be applied. Similar situation has

been demonstrated earlier by Poskas et al. [11] for aiding

flow in vertical tube. In Poskas and Poskas [9], [15] for

opposing flows in vertical channel buoyancy parameter

Bo2 was justified.

Performed analysis showed that for opposing flows in

inclined channels under unstable stratification condi-

tions, buoyancy parameter Bo2 is also most suitable.

Data in Fig. 8 indicates that relative heat transfer is
increasing with increasing of buoyancy parameter. There

is no evidence of heat transfer dependence on inclination

angle at relatively small Bo2 parameters (till Bo2 = 0.7).

This is in contradiction with stable density stratification

case (Poskas and Poskas [15]) where clear dependence

on inclination angle was defined. At small Bo2 values

Nu/NuT = 1, and we have forced convection regime here.

For Bo2 P 0.7 when buoyancy instabilities appear the

dependence of Nu/NuT on Bo2 is changing and intensity

of heat transfer is increasing more significantly with

increasing of Bo2. The heat transfer dependence on incli-

nation angle also is evident there.

In case of stable density stratification for calculation

of stabilized heat transfer at u = 20�–90� in the region of
buoyancy parameter Bo2rib 6 Bo2 6 7 · 10�1 correlation
was suggested (Poskas and Poskas [15])

Nu
NuT

¼ 1:9Bo0:182 u0:17 ð3Þ

here u—in rad.
As we already discussed in case of unstable stratifica-

tion the heat transfer dependence on inclination angle

for Bo2 < 0.7 is not significant therefore stabilized heat

transfer can be calculated from (3) when u = 90�
Nu
NuT

¼ 2:05Bo0:182 ; ð4Þ

It correlates experimental data with the uncertainty no

more than 12%.

Bo2rib is the value of Bo2 at which Nu/NuT = 1.0. In

this case Bo2rib = 0.018.

When Bo2 > 0.7 the character of heat transfer is

changing for all inclination angles but for horizontal

channel this happens at higher buoyancy parameter

(Bo2). This means that no flow separation occurs in hor-

izontal channels and our data show that correlation (4)

can be extended till Bo2 � 2. For Bo2 P 2 the depen-

dence of Nu/NuT on Bo2 is also changing in horizontal
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channel but this is related with the transition to natural

convection regime as discussed earlier.

It is necessary to indicate that additional investiga-

tions of local heat transfer are necessary at small inclina-

tion angles of the channel (close to horizontal position)

where the regimes with and without flow separation

from the wall can exist.
6. Conclusions

Analysis of the experimental data on turbulent mixed

convection heat transfer in inclined flat channels with

one-side heating under unstably stratified flow condi-

tions over wide ranges of the parameters (Re = 4 ·
103�6.6 · 104, Grq = 4.7 · 107–6.3 · 1010, pressure p =

0.1; 0.2; 0.4; 0.7; 1.0MPa) lead to the following

conclusions

1. Three characteristic regions were identified for turbu-

lent opposing mixed convection in inclined flat chan-

nels with unstably stratified flows (like in stably

stratified flows Poskas and Poskas [15]) based on

local heat transfer data:

(a) Region without buoyancy instabilities until

Bo2 6 0.7.

(b) In the region 0.7 6 Bo2 6 2 at the beginning of

the heated section there is no buoyancy instabili-

ties but at some x/de local separation of the flow

occur and buoyancy instabilities are generated

that increase sharply heat transfer rate.

(c) For Bo2 > 2 there are buoyancy instabilities in all

heated section and heat transfer is increasing

sharply starting from the beginning of the heated

section.

2. There are no such local flow separations from the

wall in the horizontal channel and the changes in heat

transfer are related with the transition to natural con-

vection regime.

3. Correlation (4) for calculation of stabilized heat

transfer in inclined flat channels was suggested for

the region without buoyancy instabilities. Heat trans-

fer rate do not depend on inclination angle of the

channel in this region.
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