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Abstract-Measurements and calculations of transient mixed convection flows adjacent to a flat vertical 
surface are presented. The surface dissipates a constant and uniform heat flux in an air stream flowing at a 
uniform and constant ambient velocity. The free-stream velocity is in the same direction as the buoyancy- 
induced flow resulting in an ‘aiding’ mixed convection flow. Temperature and velocity measurements in the 
boundarylayerarepresentedandcompared to theresultsofafinite-differenceanalysisoftheflow. Severalheat 

flux levels and ambient stream velocities are investigated. 

INTRODUCTION 

INTEREsT-in mixed convection flow is motivated by 

the many technological, as well as environmental 
circumstances under which such flows may arise. Most 
previous studies, however, have considered steady- 
state circumstances. Such studies include those by 
Sparrow and Gregg [l], Lloyd and Sparrow [2], 
Oosthuizan and Hart [33, Gryzagoridis [4], and 
Hommel [S]. 

Merkin [6] investigated both aiding and opposing 
flows adjacent to a flat vertical isothermal surface. The 
solution was obtained by using expansions near the 
leading edge and far downstream, then closing the gap 
between the two solutions with a numerical marching 
scheme. Wilks [7] applied a similar technique to a 
surface dissipating a uniform and constant heat flux. 
For aiding flows, forced convection effects were found 
to dominate near the leading edge, while far 
downstream, the flow takes on natural convection 
characteristics. 

Carey and Gebhart [8] presented a perturbation 
analysis of the mixed convection flow adjacent to a 
vertical uniform flux surface which included both 
higher-order boundary layer and mixed convection 
effects. Measurements of steady-state aiding flows in air 
were found to be in good agreement with the analytical 
results. Hunt and Wilks [9] compared the measure- 
ments in [S] to the theory in [7] and reported that while 
the numerical solution of the boundary-layer equations 
is adequate in the vicinity of the surface, higher-order 
effects are significant at large distances from the surface. 

Despite their importance in many applications, 
transient mixed convection flows have received much 
less attention than the steady flows mentioned above. 
Sammakia et al. [lo] presented a finite-difference 
analysis of the transient, aiding, mixed convection flow. 
Results for both uniform heat flux and isothermal 
boundary conditions were presented with Pr = 0.72 
and 7.6. For the uniform flux circumstance, the steady- 

state results compared favorably with those of the 
perturbation analysis presented by Carey and Gebhart 
in [S]. 

Although the calculated results of Sammakia et al. 
[lo] are based on a sound theoretical foundation, such 
calculations have not been verified experimentally. In 
fact, we are aware of no previous experimental studies 
of transient mixed convection flow near a vertical 
surface. In the present study, new measurements of 
temperature and velocity profiles have been obtained 
for laminar transient mixed convection near a vertical 
uniform-heat-flux surface. Measured profiles at a single 
downstream location are reported for several 
combinations of free-stream velocity and heat flux. 
These measurements are then compared to the results 
of a numerical analysis similar to that in [lo]. 

EXPERIMENTAL 

Figure 1 shows the experimental set-up used to 
measure transient temperature and velocity profiles. 
The cylindrical test section had an inner diameter of 
33.7 cm and was 76.2~cm high. To achieve a uniform 
flux surface, an inconel6OOfoil, 15-cm wide and 0.0127- 
cm thick, was heated by passing an electric current 
through it. The foil was held in place by stretching it on a 
special support fixture. Near the leading edge the foil 
was looped around a tape-covered aluminum support, 
while at the trailing edge it was held by a spring loaded 
knife-edge. This spring loading exerted an upward 
stretching force on the foil ensuring its uniformity 
during the heating process. The gap formed by the two 
sides of the foil was filled with foam insulation of 
0.635cm thickness. The resulting surface was 15cm 
wide, 40-cm long, and 0.637-cm thick. The surface 
was aligned vertically with a horizontal leading edge 
by using a plumb line and level. 

The surface was heated by passing an electrical 
current through it. This was accomplished by using a 
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NOMENCLATURE I 
/ 

thermal capacity of element per unit 
surface area 
acceleration of gravity 
Grashof number (gj?ATx3/vz), 
dimensionless 

1’ component of velocity in horizontal 
direction 

.x vertical distance above bottom of plate 1 
J horizontal distance from plate. [ 

modified Grashof number (gbq”x4/kv2), 

dimensionless 

thermal conductivity 
height of plate 
Prandtl number 
instantaneous energy generation rate per 

Greek symbols 
1’ kinematic viscosity 

b’ density of fluid 
T time 
7 non-dimensional time, = TAU. 

unit of element surface area 
thermal capacity parameter related to the 
element storage capacity c”(gfiq”v2/k5)‘14 

static temperature 
instantaneous local plate temperature 
temperature of the undisturbed fluid 
component of velocity in vertical 
direction 

Subscripts 
0 at solid-fluid surface 
X’ free-stream conditions 
T total input 
R radiation 
C convective 
avg average. 

regulated power supply. The voltage drop across the 
foil was measured by using a Hewlett Packard 3465B 
digital multimeter. To measure the current in the 
circuit, the voltage drop was also measured across a 
Leeds and Northrup 0.01 Q, 100 A standard shunt, 
connected in series to the foil. Knowing the voltage 
drop across the foil, and the current passing through it, 
the dissipated heat flux could be computed. 

Air was supplied to the test section from a 
compressed air storage tank maintained at about 7 atm 
pressure. Air from the storage tank was passed through 
a pressure regulator, and critical orifice meter, before 
entering the test section. The air pressure in the storage 
tank was maintained by compressors operating in a 

cycling fashion. To maintain a uniform free-stream 
velocity in the test section it was necessary to maintain 
critical flow conditions at the orifice meter. The flow 
through the test sections was thus a function of the 
pressure upstream of the meter which was held to 
within + 0.07 atm (& 7 kPa) by the pressure regulator. 
Temperature fluctuations in the air supply were 
measured and found to be less than O.OYC during any 
test. This system had a peak flow capacity of about 
0.7 m3 s-l at atmospheric pressure, resulting in a 
peak mean velocity of 7.5 cm s-r in the test section. 

To ensure uniform flow distribution over the test 
section, flow baffles were placed at the bottom and top 
of the test section. Flow uniformity was confirmed by 

TEST SECTION E 
OR 

RITICAL ORIFICE AIR FROM 
FLOW METER STORAGE TANK 

FIG. 1. Schematicdiagram ofexperimental set-up used to measure transient temperature and velocity profiles 
in aiding mixed convection flow. 
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taking hot film measurements across the test section 
which indicated a maximum variation of kO.1 cm s- ‘. 
During the experiments the variation of the core 
velocity with vertical location was found to be small. 
The flow acceleration in the core region due to entering 
a cylindrical section was, to some extent, negated by the 
flow acceleration due to buoyancy near the heated 
surface. The support structure for the surface was 
designed to minimize drag and the structural members 
were distant from the heated surface. 

The primary objective of the experiment was to take 
velocity and temperature measurements, during the 
transient, at several boundary-layer locations. Velocity 
was measured using a Disa 55MOl constant- 
temperature hot wire anemometer with a Disa 55P14 
miniature probe. The output was recorded on a Hewlett 
Packard model 5150A thermal printer. The hot-wire 
probe was L-shaped to minimize probe interference 
with the flow. The probe was calibrated in air at an 
overheat ratio of 1.6, for velocities up to 40 cm s- ‘. The 
hot-wire output was corrected, to account for varying 
ambient temperature, using the procedure outlined by 
Mahajan [l 11. A detailed discussion of the calibration 
procedure may be found in Carey [12]. 

Temperatures were measured using a 0.0254-mm 
copper-constantan thermocouple. To minimize con- 
duction loss in the leads, the two leads were horizontal 
and parallel to the surface, thereby lying along an 
isotherm. The leads were then passed through a pair of 
LO-mm hollow glass tubes attached to a support 
situated outside the boundary layer. The ambient air 
temperature in the tank was measured using a 0.0127- 
cm copper-constantan thermocouple. An ice bath was 
used as a reference for both thermocouple junctions. 
The temperatures were measured using a Hewlett 
Packard 3465B multimeter and recorded on a Hewlett 
Packard 515OA thermal printer. 

Both the temperature and velocity boundary-layer 
probes were connected to a single support mounted on 
a traversing mechanism. A 1.5-mm copper rod was also 
attached to the same support and used to locate the foil. 
This was accomplished by passing an electric current 
through the rod and monitoring the resistance of that 
circuit. As the rod contacted the foil the circuit was 
completed and the resistance drops to some small 
value. The velocity, temperature, and surface probe 
were always in the same horizontal plane. The relative 
positions of the thermocouple junction, the hot-wire 
sensor, and the surface probe were determined from an 
enlarged photograph of the assembly. 

The probe array was located at a downstream 
location 31.4 cm from the leading edge and all 
measurements were taken there. To traverse the 
boundary layer the probe array was mounted on a Disa 
55HOl traversing mechanism. This was driven by a 
Disa 52COl stepper motor which was remotely 
controlled by a Disa 52BOl sweep drive unit. The probe 
could thus be accurately moved in steps of 0.203 mm 
and displayed on the mechanical counter of the sweep 
drive unit. 

Velocity and temperature measurements were taken 
at the combinations of heat flux and free stream 
velocities shown in Table 1. Basically, four different 
cases were studied. Cases 1 and 2 constitute high Gr,* 
flows (order of 10’) with Rex = 622.3 and 831.2, 
respectively. Whereas, for cases 3 and 4, Gr,* is lower 
(order of 10s)with Re, = 748.1 and 1081.1,respectively. 
These parameters ensure covering a wide range of 
relative significance of forced convection effects. These 
effects are strongest for case 4, followed by cases 3,2 and 
1, respectively. A transient test was run three or four 
times for each case listed in Table 1, with the traversing 
probe in a different y location for each run. From the 
temperature and velocity histories thus determined at 
each location, the variation of the velocity and 
temperature profiles with time could be inferred. 
Transient tests were done at four locations for cases 1 
and 3 (A, B, C and D), and three locations for cases 2 and 
4 (A, B and C), as shown in Table 1. 

Due to slight variations in ambient conditions and 
upstream pressure levels in the storage tank, it was not 
possible to exactly duplicate the free-stream velocity 
and heat flux levels. Average values were computed for 
each case and used in the subsequent numerical 
computations. The maximum difference between any 
heat flux level and the average value used is about 2.5x, 
while for the free-stream velocity it is about 5%. To 
determine the convective heat flux, qg from the 
electrical input, it was necessary to compute the heat 
flux emitted by radiation from the surface. The 
procedure outlined in [12] was followed, and the q[ 
values are shown in Table 1. 

NUMERICAL SCHEME AND RESULTS 

Equations (lH3) are the non-dimensional equations 
of motion representing conservation of mass, 
momentum, and energy, for a mixed convection flow 
adjacent to a flat vertical semi-infinite surface. The 
equations embody both the boundary-layer and 
Boussinesq approximations 

For a uniform heat input boundary condition, the 
non-dimensionalization and boundary conditions for 
z > 0 are 

t-t, t-t 
T = (,~,ff3/,~k3)‘/‘, = q”xlk (GrY’“, 



1840 B. SAMMAKIA, V. P. CAREY and B. GEBHART 

’ = (v’g,&~)“4 UXJV 
=- 

(Gr:)1'4' 

%xX/V 
““=@pi=- 

4% 
(v*gpq”/ky 

11 
v= OX/V =-~ 

(v2g/lq"/k)'~" (Gr:)1i4 

VW 

(4c) 

1 * IjS 
x = (v2k,;;q,.)l,4 = (Grx) ’ 

y=_- J = : (G,.3"4 

(v%/gj3q”)1’4 x 
W) 

Y=O, u=c’=o (4e) 

Y=O, l=Q* (;>-& (40 

I’ 1 
Y-+r;c, T+O, U++ 

Rex -= 
(Grf)“4 uu 

(4g) 

x=0, u=u,c. (4h) 

Equation (4f) is an energy balance at the solid-fluid 
interface. The first term on the RHS is the changing heat 
storage in the surface element. The second term is the 
energy convected by the fluid. Q* is given by 

Q* = f F 1'4 +:; P,.(&3"4. 

[ 1 
(7 

P 

The initial conditions were T = 0 for the tempera- 
ture field, and the Blasius flow velocities for the 
established velocity field. Thelatter weredetermined by 
solving equations (1) and (2) with T = 0 in (2), and 
subject to conditions (4g) and (4h). In an explicit finite- 
difference scheme the solution marched forward in time 
till the steady-state Blasius flow velocities were reached. 
This velocity field was then used as an initial condition 
for the mixed convection problem. 

The numerical scheme used for calculating the mixed 
convection problem was also an explicit finite- 
difference scheme. The solution started at z = 0, at 
which time the heat flux into the surface is assumed to 
commence. At every time step the changing 
temperature and velocity fields were computed. The 
solution was marched forward in time until a steady 
state was reached at which time the temperature and 
velocity fields remain constant. The relevant para- 
meters in the numerical calculations are X, U, and Q*. 
These were determined according to the specific run 
and are shown in Table 1. The numerical scheme is 
detailed in refs. [lo] and [13]. In [lo] the resulting 
steady-state temperature and velocity distributions are 
compared to the results of the perturbation analysis 
from [S], with good agreement. 

Figure 2 shows five transient temperature response 
profiles for run 1 in Table 1. Numerical results are 
shown as solid circles, and the measurements as solid 
symbols. The results are plotted in terms of the non- 
dimensional variables T and Y, at five values of the non- 
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1 TAU=O.O NUtl. CFILC. 
x TAU=35. Null. CRLC. 
x TAU=lOS NUH. CALC. 
x TAU=PlO. NUH. CALC. 
y TAU=420. NUfl. CALC. 
2 TRU=lOSO NUN. CALC. 
l TAU=O .O HERSURED. 
v TRU=JS. MEASURED. 
+ TAU=lOS MEASURED. 
. TAU=PlO. IIEASUREO. 
. TRUz420. MEFlSUREO . 
A TAU=1050 HERSUREO. 

---- NUM. CALC. USING q; 

FIG. 2. Transient temperature profiles for run 1 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 

dimensional time TAU = 2. This case corresponds to 
Gr: = 21.2 x lo*, Re, = 622.3. This combination of 
parameters leads to a steady state dominated by natural 
convection effects. The total transient time for this case 
was about 150 s. At early times, z = 35, the measured 
temperatures exceed the computed values by about 
20%. At later times the computed results show better 
agreement with the measurements, with a maximum 
difference of lo%, z = 210, and about 4% at z = 1050. 

The large differences at early times is at least partly 
due to adjusting the heat flux used in the calculations to 
account for radiation. The convective heat flux, q& is 
about 23% lower than the actual heat flux input to the 
surface, q;. The difference between the two values, q[, is 
emitted by the surface to the surroundings by thermal 
radiation. This value of q[ is based on steady-state 
measurements. During the early transient, the surface 
temperature is considerably closer to that of its 
surroundings and qk is correspondingly lower than that 
at steady state. Thus at short times the heat flux used in 
the calculations, q;, is actually lower than that 
convected by the fluid adjacent to the surface in the 
experiment. As a check of the effect of the radiation heat 
flux correction on the early transient solution, run 1 was 
re-calculated using 41; in the numerical procedure. The 
results shown for z = 35 in Fig. 2 show much better 
agreement with the measured temperature response. 

The temperature field is seen to increase monotoni- 
cally with time. That is there were no local overshoots 
anywhere in the flow field. This was found for all the 
circumstances investigated in the present study. 

Figure 3 shows the velocity response for run 1. Again, 
as for the temperature profiles, the measured velocities 

exceed the computed values during the early transient. 
This is expected however, since the velocity field is 
largely driven by the buoyancy force, generated from 
the temperature field. The agreement is quite good and 
improves with increasing time. A small overshoot 
occurs locally, in the computed velocity profiles, during 
the transient. These overshoots away from the surface 
are possibly due to the development of increased 
entrainment, the u component of velocity, as steady 
state is approached. 

An interesting feature of this transient aiding flow is 
that the Y location at which the maximum velocity 
occurs shifts inward toward the surface with time. This 
is seen in Fig. 3, where the maximum velocity occurs at 
around Y = 3.8 at t = 105, and eventually moves to 
Y = 2.9 at ‘t = 1050. This shift follows from the 
development of the buoyancy-induced velocity field 
with increasing time. 

Figures 4 and 5 are, respectively, the transient 
temperature and velocity profiles for run number 2 in 
Table 1. Here the ratio ReJ(Gr:)“4 = U, is 3.89, 
slightly higher than for run number 1. Agreement 
between measurements and calculations, and other 
features of the transient regime are similar to those 
observed in run number 1. In steady state, the ratio of 
u Inax, the maximum velocity in the boundary layer, to 
UI, is about 4.5. This indicates that buoyancy effects 
are, as in run number 1, relatively dominant in steady 
state. Here also the Y location of U,,, shifts with time 
as buoyancy develops. 

For run number 3 in Table 1, U, = 4.75, and the 
ratio U,,JU, = 3.15. Figures 6 and 7 show, 
respectively, the transient temperature and velocity 
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%f TRU=105 NUS. CFILC 

x TRU=2tO. NUti. CRLC 

y TRk420. NUfl. CRLC 

2 TAU=lOSO NUfl. CRLt 

+ TRU=lOS flERS!JREO. 
. TRU=‘LIO. RE~SUR~D. 

. TRU-420. tIERSURE . 
A TAU:lOSO MERSURED. 

FIG. 3. Transient velocity profiles for run 1 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 

1 TRU=O.O NUtI. CFILC. 

x TflU=35 NUM. CRLC. 
Xf TAU=LOS NUti. CRLC. 

# TAU=211 NUtI. CRLC. 
y TRU=422 NUH. CRLC. 
z TRU:1054 NUM. CRLC. 
m TWO.0 HEASURHI. 

c 7 TRU=3S ~ERSURED 
+ TRU=lOS MERSUREO 
. TRU=Pll MERSUREO 
l TRU=422 IIERSURED 
A TRk1054 MERS.UREA 

FIG. 4. Transient temperature profiIes for run 2 in Table 1. Solid lines are computed profiles. solid symbols are 
boundary-layer measurements. 
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X TAUrlOS NUti. CRLC. 

# TRU=Zll NUM. CRLC. 

y TAU=422 NUM. CRLC. 

t TRU=1054 NUN. CRLC. 

+ TRU=lOS VERSUftEO 

. TAU=Zll RERSUREO 

3 . TRU-422 MEASURE0 

A TRUz1054 MERSUREO 

FIG. 5. Transient velocity profiles for run 2 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measuremenfs. 

1 TAU=O.O Null. CRLC. 
x TRUz19.0 NUH. CALC. 
m TAU=57. NW. CALC. 
# TAU=114 NUtl. CALC. 
y TRk227 NUH. CALC. 
2 TAU=566 NUN. CRLC. 
n TAkO.0 HEASUREO. 

I- v TAUz19.0 HERSUREO. 
+ TAU=57. HEASUREO. 
. TAU=114 HERSUREO. 
. TAU=227 HEASURED. 
A TAU=566 IIEASURED. 

FIG. 6. Transient temperature profiles for run 3 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 
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m TFlU=57. NUM. CRLC. 

x TRU-114 NUtI. CALC. 

27 NUB. CALC. 
9 .O HERSUREO. 

flEASURE0. 
14 MEASURED. 

27 MEASURED. 

68 MERSUREO. 

i 

FIG. 7. Transient velocity profiles for run 3 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 

t TRU=O.O Null. CRLC. 

x TAU=18 Null. CRLC. 

x TRlk56 NUH. CALC. 
X TAU=llP NUH. CALC. 
y TRU=223 NUH. CRLC. 
2 TRk556 NUH. CRLC. 
n TFIU=O.O HERSUREO. 
v TAU=16 IIERSUREO. 
+ TAU=56 flEASU9EO. 
. TRU=112 HERSUREO. 
l TRU=223 IIEASUREO. 
A TAU=558 IIEASUREO. 

FIG. 8. Transient temperature profiles for run 4 in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 
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m TRU=56 Null. CRLC. 
X TAU=llP NUN. CRLC. 
Y TAUr223 NUN. CRLC. 
i! TRU=556 NUN. CRLC. 

l TRU=56 NERSURED. 

l TRU=llP NERSUREO. 
. TRU=223 MERSURED. 
A TRU=556 RERSURED. 
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FIG. 9. Transient velocity profiles for run in Table 1. Solid lines are computed profiles, solid symbols are 
boundary-layer measurements. 

profiles. Again the temperature profiles increase 
monotonically with time, that is no relevant overshoots 
are observed in temperature, The same is true for run 
number4,showninFigs.8and9.HereUJU, = 2.17 
in steady state, indicating that the forced flow is 
relatively stronger than in any of the previous runs. 
Agreement between the measured and computed 
temperature and velocity levels is generally good 
considering the uncertainties of the experiment. 

SUMMARY AND CONCLUSIONS 

An explicit finite-difference numerical technique was 
used to compute the transient aiding mixed convection 
flow, adjacent to a flat vertical surface. The surface was 
subjected to a sudden constant and uniform heat flux 
input. The temperature and velocity responses in the 
boundary layer were measured. Each experiment was 
repeated several times, with the probe positioned at 
different distances from the surface. Thereby instan- 
taneous temperature and velocity profiles were 
measured at different times during the response. 

Both measurements and calculations covered a 
range of input conditions. The surface input heat tlux 
was varied from about 14 to 15 W m-*, while the free- 
stream velocity was in the range 3-5.1 cm s-l. 
Accordingly, the dimensional parameter U, = Red 
( Gr:)“4 varied from 2.9 to 6.93. The relative mag- 
nitude of forced to natural convective effects is 
qualitatively assessed from the magnitude of U,. This 
is evident from the value of the ratio U_/U, as shown 
in Table 1. For large values of U,, forced convection 

effects are more prominent, and lead to a smaller value 

~nUJJc0. 
The measurements were generally found to be in 

good agreement with the numerical predictions, except 
during the early part of the transient. Then the 
measured response was more rapid than predicted by 
the computations. This is surmised to have arisen 
because the calculations were based on a heat flux value 
corrected for radiation at steady state. During the early 
transient however, radiation effects are considerably 
smaller than those at steady state. Another source of 
possible error in the measurements is the necessity to 
repeat each run several times, to measure the 
boundary-layer profiles. Since the runs were not exactly 
identical, the calculations were made for average 
values. The variation in input conditions among the 
different tests, however, was minimal, as shown in 
Table 1. 
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MESURES ET CALCULS DE LA CONVECTION MIXTE DANS LAIR 

R&me-On presente des mesureset des calculs de convection mixte variable, adjacente a une surface plane et 
verticale. La surface dissipe un flux de chaleur constant et uniforme dans un tcoulement d’air a vitesse 
ambiante constante et uniforme. La vitesse d’ecoulement libre est dans la mBme direction que l’icoulement 

induit par gravitb et il en resulte une convection mixte “aidee”. Les mesures de temperature et de vitesse dans la 

couche limite sont presentees et cornpark aux resultats dune analyse par differences finies. Plusieurs niveaux 
de flux thermique et de vitesse forcte ambiante sont considtres. 

MESSUNGEN UND BERECHNUNGEN DER TRANSIENTEN MISCHKONVEKTION IN 
LUFT 

Zusammeofaasung-Es werden Messungen und Berechnungen transienter Mischkonvektionsstromungen an 
einer flachen, vertikalen Ober@iche vorgestellt. Von der Oberfliiche wird eine konstante und gleichfiirmig 
verteilte Warmestromdichte an einen Luftstrom abgegeben, der mit einheitlicher und konstanter 
Umgebungsgeschwindigkeit strBmt. Der freie Luftstrom und die durch den Auftrieb hervorgerufene 
Strijmung sind gleichgerichtet. Temperatur- und Geschwindigkeitsmessungen in der Grenzschicht werden 
dargelegt und mit den durch ein Finite-DiITerenzen-Verfahren ermittelten Ergebnissen verglichen. Es werden 

unterschiedliche Wiinnestromdichten und Umgebungsluftgeschwindigkeiten untersucht. 

M3MEPEHMII M PACgETbI HECTAHMOHAPHOH CMEBIAHHOH 
KOHBEKHAM B B03AYXE 

kUIOTUIS-&EACTaBJIenbI ,I3MepeSIHII II paC’IeTb1 HeCTannOHapHblX Te’IeHnti npH CMeIIIaHHOii KOHBCK- 

IInn y IIAOCKO~ IIepTHKaJIbH0i-I nOBepXHOCTn. nOBepXHOCTb HarpeBaeT0-I nOCTOIlHHbIM II OAHOpOAHbIM 

TenAOBbIM nOTOKOM A OMbIBaeTCR CTpyei% BO3AyXa, ABHmymerOCS C OAHOpOAHOk H IIOCTOaHHOii CKO- 

pOCTbIO. CKOpOCTb CBO6OAHOrO nOTOKa IiMeeT TO XC’? HanpaBJIeHIie, ‘IT0 II BblJBaHHbIii HarpeBOM nOTOK, 

a pe3yJIbTaTe KOTOpOrO B03HHKaeT nOAbeMHOe CMeIIIaHHO-KOHBeKTWBHOe Te’IeHne. npeACTanAeHHbIe 

H3MepeH,UI TeMIIepaTypbI A CKOpOCTn B nOrpaHWIHOM CJIOe CpaBHnBamTCn C AaHHbIMn, nOAy’IeHHbIMkI B 

pe3ynbrare KoneSno-pa3nocrnoro atian83a renenna. Mccnenoeamie npoeeneno npn pa3nHwbIx Berm- 

‘I1(HaXTenJIOBOrOnOTOKaHCKOpOCTeiiCTpyA. 


