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Abstract-This work deals with the unsteady, conjugated heat transfer problem of a parallel plateduct with 
inlet fluid temperature varying periodically in time. Previous approaches have utilized either the usual, 
standard, quasi-steady approach or have employed a slug flow velocity profile. Here, the actual quadratic 
velocity profile, characteristic of fully developed duct flow, is used in an improved quasi-steady approach, 
previously introduced by the senior author, which takes into approximate account the effects of both thermal 
history and finite thermal capa~ty ofthe fluid. Response functions for the duct wall tem~ratureand fluid bulk 
mean temperature are developed using this approach and are compared to a benchmark finite-difference 

solution as well as to the solution by the usual, simple quasi-steady approach. 

NOMENCLATURE 

a ratio of thermal energy storage capacity of 
fluid to that of the solid, pc,Rfp,c,,b 

b wall thickness of duct 
l?* p~c*~R~~k 
G* defined in equation (23) 
cp, cp,., specific heat of fluid and wall, respectively 
G kernel in equation (4) 

Gil constants in equation (5) 
h surface coefficient of heat transfer 

j index related to the number of terms in s 
retained in equation (13) 

k thermal conductivity of the fluid 
n index 
Nu Nusselt number, hR/k 

P(s), Ql(s), Q2(s) polynomials in s given by 
equation (I 7) 

4w surface heat flux 

QW nondimensional surface heat flux, 
-~“~q~R/3(0.538)F(#kATo 

r. defined in equation (15) 
R half height of duct 
S Laplace transform parameter 

sqs subscript meaning standard quasi-steady 
method 

t time 

%n mass average velocity 

X,Y space coordinates along and perpendicular 
to duct wall, respectively. 

Greek symbols 

; 

thermal diffusivity of the fluid, k/PC,, 

dummy variable of integration 
l- complete gamma function 
ATo amplitude of sinusoidal inlet temperature 

variation 

temperature excess 
wall and fluid bulk mean temperature 
excess, respectively 
mass density of fluid and wall, respectively 
defined by equation (10) 
defined by equation (14) 
nondimensional axial coordinate, ux/R2u, 

t-x/u, 
eigenvalues needed in equation (5) 
defined by equation (7). 

INTRODUCTION 

IN A PARALLEL flow regenerative type heat exchanger, 
the unsteady temperature distribution within the wall 
material is mutually coupled to that within the moving 
fluid and, hence, causes a conjugated heat transfer 
situation in which the problem is to predict the wall 
temperature and the bulk mean temperature of the fluid 
as a function of position and time. The simplest, most 
expedient approach to this problem, and the one most 
often used, is the standard, simple, quasi-steady 
approach which employs a constant, in space and time, 
surface coefficient of heat transfer h. Willmott and 
Burns [l] utilize this approach, in conjunction with 
numerical methods, to solve the classical regenerator 
equations. Kardas [2], and, more recently, Spiga and 
Spiga [3] have also used the standard quasi-steady 
method, along with the Laplace transformation, to 
solve regenerator type problems. For the case where the 
velocity profile is idealized as being a slug flow, a 
number of exact analytical solutions have been 
developed. Chase et al. [4] used Laplace transforms to 
arrive at a solution when there is a step change in the 
duct inlet fluid temperature while Sparrow and 
DeFarias [S] used the method of complex temperature 
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to predict the wall and fluid bulk mean temperature, in 
the periodic unsteady state, due to a sinusoidal inlet 
temperature variation. Sucec [6] developed an exact 
solution that includes both the periodic unsteady state 
and the transient unsteadiness that leads up to this 
state. Acker and Fourcher [7] include the effect of 
transverse conduction in the wall of the duct considered 
in ref. [S]. 

Thus, previous approaches have either used the 
standard, simple quasi-steady technique or else have 
dealt with a slug velocity profile. The work presented 
herein will utilize the actual quadratic velocity profile, 
characteristic of fully developed duct flow, in an 
improved quasi-steady approach, introduced in Sucec 
[8], which takes into approximate account both the 
effects of thermal history and of finite thermal capacity 
of the fluid, effects not accounted for in the standard 
quasi-steady approach. Wall temperature and fluid 
bulk mean temperature are found as a function of 
distance down the duct and time, in the periodic 
unsteady state, for a sinusoidal inlet temperature 
variation when the duct walls are adiabatic on their 
outside surfaces and communicate thermally with the 
fluid across their inside surfaces. These predictions are 
compared with the true response functions as found by 
a finite-difference solution of the governing partial 
differential equations to establish the domain of 
validity of the improved quasi-steady approach in this 
problem. Also presented, for comparison purposes, is 
the standard, simple quasi-steady prediction. 

ANALYSIS 

To be considered is a parallel plate duct of half height 
R with walls of thickness h which are perfectly insulated 
on their outer surfaces as a result, perhaps, of thermal 
and geometric symmetries. Fluid, whose inlet 
temperature is AT, sin it, flows through the duct in a 
steady, laminar, constant property, fully developed 
hydrodynamical fashion. Axial conduction is taken 
to be negligible in both the fluid and the duct wall, wall 
thermophysical properties are constant, and transverse 
temperature gradients in the wall are small. Discussion 
of the validity of these assumptions is given in Sucec [6]. 

Energy balances on the fluid and on the wall lead to 
the following exact mathematical problem description 

(1) 

At 

y = 0, t > 0, x > 0, (2) 

At 

y = R, t > 0, x > 0, f!! = 0, x = 0, t > 0, 
ay 

0 < y < R, 8 = AT, sin wt. (3) 

No initial condition is needed since the solution is being 
sought in the periodic state. 

Improved quasi-steady solution 
In the approximate solution to equations (lH3), by 

the improved quasi-steady approach presented in ref. 
[8], the expression for the instantaneous surface heat 
flux qw is given as 

for the second time domain, t 2 x/u, or T 2 0, where 
the kernel of equation (4), G(X), is related to the solution 
of the case of steady-state heat transfer in a duct with 
isothermal walls. Details are available in ref. [S] where 
a related problem was solved using, for analytical 
convenience, a linear velocity profile in the thermal 
entrance region of a duct which led to a fairly simple 
expression for G(X). In this work, however, the 
considerably more complex kernel appropriate to the 
actual quadratic velocity profile, shown in equation(l), 
is to be used and is available in Kays [9] as 

G(X) = $ g G, ev C-AW31. 
n-0 

(5) 

Inserting equation (5) into equation (4) using the 

resultant expression for qw to replace - k(ao/ay),, o in 
the energy balance on the wall, equation (2) and 
changing variables to those dictated by the improved 
quasi-steady method of ref. [S] yields the governing 
equation for the wall temperature distribution as 

G, exp C-4.(x-B)l 

x $ dp = 0, (6) 

4” = n,“/s. (7) 

Since a convolution integral appears in equation (6), 
the solution was attempted by use of a Laplace 
transformation with respect to 1 which, after 
application of the second condition in equation (3) 
gives 

dB, +--f_ f L [s~~~-AT, sin wr] = 0. (8) 
d(wt) b* n=O s-t-4, 

Solving equation (8) and retaining only the periodic 
unsteady-state portion of the solution gives 

j!y- cr2s sin WT 0 cos wz 
-____ 

AT, - 1 + fr2s2 1 +rJV’ 
(9) 

(10) 

The main difficulty in finding the inverse Laplace 
transformation of equation (9) is due to the fact that c is 
an infinite series in which every term contains the 
transform parameter s. Initially, it was thought that 
equation (9) could be cast into a more readily handled 
form by a suitable truncation ofequation (6) at large 1 in 
the physical (7, x) plane. However, it is noticed that the 
accounting for previous history leads to an exponential 
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term in equation (6) whose argument is small, not large, 
regardfess of the size of x since p takes on values from 0 
to x. Hence, a simplification was sought in the 
transform plane instead. Expanding equation (10) 
results in 

__ )..., + 

+ G 1 -... . (11) 
s+qb, _I \ ’ 

Now, since large x corresponds to small values of s and 
since (p, < 4, < 4, < ...$,, < ..., then, for large 
enough x, one can say that at some j 

s+btj+l "#j+l. 

With equation (12), CT can be re-written as 

m 

u=“j=- bt i. & + zj]T [’ (13) 

xj= f $. (14) 
n=j+t n 

Using equation (13) for o, the numerator and 
denominator ofequation (9) become finite polynomials 
in s which can be inverted. The procedure is to first take 
j = 0, then j = 1,2, and so on, invert equation (9) and 
compare the ~~~AT~ results at the value of x of interest 
and when the results are essentially the same at two 
successive values ofj, the required size ofjis established. 

For j = 0, using equations (13) and (14) in equation 

(9) and defining 

yields 

ro = Go,‘&, (15) 

B w = Q!(s) sin y$?2(r) ~0s a’~, 

AT, 
(16) 

Q&f = s3 + 2sz(ro + #o) +sfr, + 45012, 

Q2(4 = ~C~z+S(~o+2#o)+#oiQo+ro~l, (17) 
0 

P(s) = s4 + 2s3(r, + 40) +s2(ri + 2r,$, 

+ 4; + b*Z/C@ + (6*2/c;)&(2s + do). 

In order to invert equation (16), the roots of the 
polynomial P(s) must be found and this was 
accomplished by the use of a standard library program, 
for root finding, at the Computer Center of the 
University of Maine. For the values of b* investigated, 
all the roots of P(s) were complex, complex conjugate 
pairs whereas in the limits as b* + 0 and b* + co the 
roots were found to be all real. From the definition 
of h*, the limits b* -+ cc and h* -+ 0 correspond to 
infinite wall thermal capacity, or high frequency, and 
zero wall thermal capacity, or low frequency, 
respectively. On a physical, intuitive, basis therefore, 
b* -+ cc would lead to a wall temperature which is 
constant at its initial value and b* + 0 would give a wall 
temperature which is equal to the time varying fluid 

inlet temperature. Formal investigation of these two 

limits of b* by way of equations (9) and (10) leads to the 
same conclusions. At these limits, the ratios of the 

polynomials of equation (17) become Ql(s)/P(s) 
= QJs)/P(s) --f 0 as b* + cc and Q,(s)/P(s) --t 0, 
Qz(s)/P(s) + l/s as b* -+ 0. 

With the roots obtained, the inversion ofequation (9) 
follows with the aid of a table of transforms, Roberts 
and Kaufman [lo], and gives the following wall 
temperature distribution for the j = 0 one-term 

solution 

0 --!L= 
AT, 

sin wr{e-“*x(b, cos c,~+b~ sin c,x) 

+emazX(b3 cos c,~+b, sin c,~)) 

-cos wr{e-w”lx(b, cos cIx -t-b, sin c,x) 

+emazX(b, cos c2x+b8 sin c,~)}. (18) 

In equation (18), the a,, a,, b,, b,, c,, etc. depend upon 
the numerical value of b* used in equation (17). More of 
the details as well as the expressions forj = 1 and 2 are 
available in ref. [ 111. 

Since, as shown in Sucec [S], the improved quasi- 
steady technique is an exact solution for slug flow, a 
check on the overall integrity of the solution procedure of 
the present work was made by comparing it to the ex- 
act analytical solution to the same problem for slug flow 
given by Sparrow and DeFarias [S]. Thus, using the co- 
efficients and eigenvalues, G, = 2.0, A,“/8 = H2(n + i)“, 
appropriate to slug flow, solutions were obtained using 
j = 41, and 2. Comparison of these results to those of 
ref. [S] for b* = 1, 2, and 10, indicated complete 
agreement for j < 2 for values of the nondimensional 
axial coordinate x 3 0.10. Thus, retention of three 
terms containing s in equation (13) which corresponds 
to the use ofj = 2, allows one to make calculations as 
close to the duct inlet as x = 0.10. Also, comparison of 
solutions for @,, for j = 0 and 1, to that for j = 2 
indicates that j = 1 suffices for x > 0.20 and just a single 
term in s, j = 0, is sufficient for x 2 1.0. 

Next, the solution to the problem by the improved 
quasi-steady method using the actual quadratic 
velocity profile will be outlined. In this case, the values 
of G, and 2, needed in equation (5) are available in Kays 
[9]. These values were employed in equations (13) and 
(14)forj = 0, l,and 2onceagainand lead toexpressions 
(17) and (18) forj = 0, and to lengthier, similar, ones, for 
j = 1 and 2, that are available in ref. [l 11. 

Now that the solution function for 0, is available as 
equation (18) for j = 0 and as similar expressions for 
j = 1 and 2, the surface heat flux and the fluid’s bulk 
mean temperature can be found 

h*k 80, 
4W = - y Toy)' (19) 

An energy balance on a control volume of fluid dx 

MT 27:1-c 



98 JAMES SUCEC and AJAY M. SAWANT 

long gives the fluid’s bulk mean temperature as 

&,/AT, = sin wz + b* s x a0 
2 dp. 

0 &d 
(20) 

Details of the actual forms of Q, and 0, forj = 0,1, and 
2 are given in ref. [ 111. 

Finite-diflerence solution 
In order to assess the performance of the just 

discussed improved quasi-steady approach in this 
problem, the solution to equations (1x3) was found by 
application of the finite-difference method. The finite- 

difference equations and procedure used are the ones 
described in some detail in ref. [S]. The lattice spacings, 
Ax, Ay and At were refined to the point where the finite- 
difference solution became independent of their size. As 
a check, the finite-difference solution to the steady state, 
isothermal wall, thermal inlet length problem was 
found and compared satisfactorily with the results of 

the exact analytical solution given in ref. [9]. 

~tu~dard quash-steady approach 
The solution to the problem by the usual, standard 

quasi-steady approach employing a constant value of 
the surface coefficient of heat transfer, h, was also found. 
An energy balance on the wall and on the fluid with a 
constant value of h leads to a set of two mutually 

coupled partial differential equations for Owl_ and OBlqa. 
For the periodic unsteady state, these equations were 
solved in ref. [S] by the method ofcomplex temperature 
and, as a check, were solved again by the present 
authors by the Laplace transform method. It might be 
worthwhile noting that the solution by this standard, 
‘simple’, quasi-steady approach, though it is less work 
than the improved quasi-steady approach discussed 
eariier, is nowhere near as straightforward as the 
solution to an external, boundary-layer flow problem. 
This is due to the fact that in the external flow problems 
the temperature of the free stream to be used in 
Newton’s cooling law is a known constant, or a known 
function of time, whereas in this duct flow 0s is an 
unknown function of time. The results for the wall and 
bulk mean temperature are 

0 w=q. _ -b’2Nu~/(b*‘* NuZ) I_.-- 
NU2 

AT, &*2+ NU2 

i 

h* 
cos (C*x)- --- sin (C*x) sin w7 

NM 1 

Nub* 

b*‘+ Nu2 i 
cos (c*x) + g 

sin (C*x) , (21) 

t3 Bw _ e 

AT, 
-b”N~~/(b*~ + Nu’) sin [UT _ C*x], 

w 

c* = h* Nu2 X/(b*2 + Nu’). (23) 

DISCUSSlON OF RESULTS 

The improved quasi-steady method response 
functions for the wall temperature, fluid bulk mean 
temperature and wall heat flux were generated for the 
quadratic velocity profile by using the G, and /1,, given 
in Kays [9], in equations (13) and (14) using values of 

j = 0, 1, and 2. Then the use of equations (13) and (14) in 
equation(9)followed byinversionofequation(9)for the 
three different values of j establishes the number of 
terms in s in equation (13) which must be retained for 
convergence. When three terms are used (j = 2), it is 

found that this large x procedure actually is valid even 
for x as low as 0.02 which is extremely close to the duct 
entrance. Similarly j = 2 is needed for x = 0.10 while 
twotermsinsinequation(l3)suffice.,j = l,for0.20 6 x 
d 0.50. For values of x > 0.50, only a single term in s is 
required,j = 0, and the wall temperature response is of 
the form given by equation (18). Based upon the more 
extensive results of ref. [ 113, these conclusions seem to 
be valid for all values of b*. 

Shown in Figs. 1 and 2 as the encircled points are 
some representative improved quasi-steady predic- 
tions of wall temperature and fluid bulk mean 
temperature for values of b*, namely, 1.0 and 2.0, 
suggested by the work ofref. [S]. The plotted points are 
all forj = 2 since these solutions were found anyway in 
order to study and establish the convergence of the 
solution procedure. Also shown in Figs. 1 and 2 as solid 
lines for O,/AT,, and as dashed lines for &/AT’,, are the 

finite-difference solutions to equations (l)-(3) for 
a = 0.20 and with one curve for a = 0.50. Finally, the 
usual, standard quasi-steady results, equations (21) and 
(22) with a Nusselt number Nu = 1.885, are depicted 
either as dashed-dot curves or by crosses, depending 
upon which gives the greater clarity of presentation. In 
Fig. 1, at x = 0.02, the standard quasi-steady results for 
the bulk mean temperature plot are so close to the 
improved quasi-steady results and to the finite- 
difference solution that they were left off in the interests 
ofclarity. Also, in Fig. 2, these were not shown on some 
of the curves since the deviation was not as substantial 
as on the corresponding curves in Fig. 1. Because of the 
facts that the periodic unsteady state is being 
considered and that the fluid inlet temperature is 
sinusoidal in time, only the first half cycle of each 
response function is presented since the second half is a 
simple image of the first half. 

An overview of Figs. 1 and 2 shows the qualitative 
trends that would be anticipated from a knowledge of 
the slug Aow solutions of refs. [S, 61, namely, the decay 
of the amplitude of the response, and the phase lag, as x 
increases. As is evident from Fig. 1, particularly at 
x = 0.02, and 0.10, and for x = 0.10 in Fig. 2, the 
improved quasi-steady results practically coincide with 
the finite-difference baseline solutions while the 
standard quasi-steady results are considerably in error, 
particularly for the wall temperature. It is also seen, 
from Fig, 1, that as x increases, the standard, simple, 
quasi-steady results get closer to the finite-difference 
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FIG. 1. Wall and bulk mean temperature excess distribution. 
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solutions and also to the improved quasi-steady 
solution. At the smaller values of x, the standard quasi- 
steady solution is in error due to not accounting for 
surface temperature variation (thermal history) 

properly, nor for fluid thermal capacity, and also 
because of the effect of being in the thermal entrance 
region. On the other hand, the improved quasi-steady 
approach, being advanced here, uses an expression for 
the instantaneous heat flux, basically the second term of 
equation (6), which takes these effects into at least 
approximate account and this is reflected in the 
agreement between it and the finite-difference solution. 

At the larger 1 values, such as x = 0.50 in Fig. 1, the 
standard quasi-steady approach increases in accuracy 
due to it being in the thermally developed region and 
also because the surface temperature variation with x is 

not as severe as at the lower values of x. For slug flow, 
Sparrow and DeFarias’ results in ref. [S] show that the 
local Nusselt number approaches a constant value as 1 
gets larger and, thus, one expects qualitatively similar 
results for the actual quadratic velocity profile, namely 
that the standard quasi-steady solution’s accuracy 
increases with increasing x. This is also to be expected, 

for small enough a = pc,R/p,c,,b, from the analysis 

I .o 
0.8 

o 3 0.4 0.6 

03” 0.2 

0 

0 -0.2 

5 -0.4 

;z -0.6 

-0.8 

8,JAT, ~ ) ;;glt;,gDifference Results 

8, /AT, ------ o = 0.20 Unless noted otherwise 

0 Improved Quasi-Steady 

+ Standard Quasi -Steady 

FIG. 2. Wall and bulk mean temperature excess distribution. 
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leading to conditions for the validity ofstandard quasi- 
steady analyses presented in Sucec [6]. 

Although the standard, or usual, quasi-steady 
procedure employs a constant value of the surface 
coefficient, an x dependent thermal entry length 
coefficient could, with increased effort, be used as was 
done in ref. [S]. By restricting the analysis to low values 
of~,theauthorderivedsomerepresentat~ve results with 
the x dependent Nusselt number. It was found that this 
type of standard quasi-steady solution yielded only 
modest improvement over the constant Nusselt 
number solution at x = 0.10, namely a few percent 
improvement, and considerably more improvement at 
the very low x = 0.02 value. But, even here, there is still 

a significant difference between the standard quasi- 
steady result and the improved quasi-steady method 
being advanced herein which essentially coincides with 
the finite-difference result. Hence, as a result, only the 
simpler quasi-steady results using a constant Nusselt 
number are given in the figures. 

All of the finite-difference solutions in Figs. 1 and 2 

are for a value of a = 0.20 except for the curves 
appropriate to x = 1.50in Fig. 2 where curves for values 

of a = 0.20 and 0.50 are displayed. Clearly, the 
improved quasi-steady results are closer to the lower 
value, a = 0.20, as would be expected from the 
improved quasi-steady solutions presented in ref. [S]. 
From a study of Figs. I and 2 as well as additional 
results not presented herein, it appears as if the 
important parameter governing the accuracy of the 
improved quasi-steady approach in this problem is not 
simply a, but, rather, the product Ahab. Tentatively, it is 
suggested that acceptable accuracy of the method will 
ensue for ab*X < 0.25. On this basis, the agreement 
between the baseline finite-difference solution and the 
improved quasi-steady approach is deemed acceptable 
for all results presented in Figs. 1 and 2 with the 
exception of the x = 1.50 cases for both values of (1. 
Hence, the application of, and suitability of the method 
has been established for the case ofthe actual quadratic 
velocity profile for flow within and beyond the thermal 
entrance region of a duct and these results complement 
some ofthe improved quasi-steady solutions of ref. [S] 
which were for the simpler case of a linear velocity 
profile with consideration restricted to the thermal 
entrance region only. This method, when it can be used 
with acceptable accuracy, obviates the need for the long 
computer runs needed in the finite-difference solution 

of equations (i)-(3) since some of these computer runs 
required 4000 s or 70 CRU. 

CONCLUDING REMARKS 

By means of a suitable approximatjon in the Laplace 
transform plane, a solution by the improved quasi- 

steady method is found for the transient, conjugated 
heat transfer problem of fully developed, hydro- 
dynamic Row in a parallel plate duct with a sinusoidal 
inlet temperature variation. Although the solution is, 
nominally, for large downstream distance x, the use of 
three terms,j = 2, allows it to be used as close to the 
duct entrance as I= 0.02. It is shown that, at 
downstream distances larger than x = 0.20, two terms 
in the approximation or even a simple one-term,j = 0, 
result may suffice. Comparison of the improved quasi- 
steady predictions of wall temperature and fluid bulk 
mean temperature with those of the finite-difference 

solution indicate close agreement between the two for 
values of ab*X < 0.25 whereas the usual, standard 
quasi-steady approach can lead to a significant error at 

lower values of il. 
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CONVECTION THERMIQUE FORCEE VARIABLE CONJUGUEE DANS UN CANAL A 
PLANS PARALLELES 

R&urn&-On considdre le probltme instationnaire, conjugui: d’un canal B plans paralltles avec un fluide dont 

la temptrature g I’entrCe varie ptriodiquement dans le temps. Des approches ont utilisi: soit I’approche 

classique en quasi permanent, soit un profil de vitesse d’&coulement piston. Ici, le profil de vitesse quadratique, 

caracttristique d’un Ccoulement en canal ttabli, est utilisP dans une approche en quasi permanent 

pr&demment prtsentke par l’auteur, laquelle prend en compte de faGon approchCe les effets de l’histoire 

thermique et de la capaciti: thermique finie du fluide. Des fonctions de reponse pour la tempirature de paroi du 

canal et la tempkrature moyenne du fluide sont d&veloppCes et sont cornpaGes g une solution par diffirences 

finies et g la solution classique simple. 

INSTATIONARE KOMBINIERTE WARMEUBERTRAGUNG BE1 ERZWUNGENER 
KONVEKTION IN EINEM KANAL AUS PARALLELEN PLATTEN 

Zusammenfassung-Diese Arbeit behandelt das instationiire kombinierte W%rmeiibertragungsproblem in 
einem Kanal aus parallelen Platten mit zeitlich periodisch schwankender Eintrittstemperatur der Fliissigkeit. 
Bei friiheren Berechnungen wurde entweder die iibliche quasistationire NPherung oder das 
Geschwindigkeitsprofil einer Pfropfenstriimung verwendet. Hier wird das tats%chliche parabolische 
Geschwindigkeitsprofil, welches fiir voll ausgebildete Kanalstriimung charakteristisch ist, in einem 
verbesserten quasistationiren Ansatz verwendet, der schon friiher vom Autor vorgeschlagen wurde. Dieser 
Ansatz beriicksichtigt ngherungsweise die thermische Vorgeschichte und die endliche Wgrmekapazitit des 
Fluids. Es werden Reaktionsfunktionen fiir dieTemperatur der Kanalwand und die mittlere Fluidtemperatur 
unter Verwendung dieses Ansatzes bestimmt und mit der Liisung eines finiten Differenzenverfahrens und des 

gewiihnlichen einfachen quasistationiren Ansatzes verglichen. 

HECTAL&IOHAPHbIR COIIPXXEHHbIfi TEfUIOIIEPEHOC rIPM 
BbIHYXflEHHOti KOHBEKUMM B IIJIOCKOFIAPAJUIEJIbHOM KAHAJIE 

AHHoTaqm-PaccMarpasaeTcrr conpsxennaa 3anaqa Hec~aunonapHoro TennonepeHoca B nnoc~o- 

napannenbHoM Kanane, Korna TeMnepaTypa mnj~Koc~n Ha axone nepMoneqecKn MenXeTca ~0 
BpeMeHn. B paHee npOBOAMBIIIHXCfl EiCCJIeAOBaHIiXX npnMeHanCa WIll 06bI’iHbIfi CTaHAapTHbIfi 
KBa3MCTanIIOHapHbIti MeTOA AJIH HCnOJIbSOBaJICa npO+lmb CKOpOCTn nOJI3y’IerO TeWHMII. B AaHHOti 

pa6O-R FaJIbHbIfi KBaApaWtHbIi? npOI,NL”b CKOpOC~W, XapaKTepHbII? A,Ia nOJIHoCTbI0 pa3BMTOrO 

Te’,eHIia B KaHaAe, MCnO,Ib3yeTCa a YCOBepmeHCTBOBaHHOM KBaSMCTaI,AOHapHOM MeTOAe, paHee 

npeAJIOEeHHOM BBTOpOM, KOrOpbIfi npn6JIIDKKeHHO YWITbIBaer KaK 3f$@KTbI ?enJIOBOti npeAHCTOpI,II, 

TaK II KOHeYHOfi TenJIOeMKOCT‘I xKUAKOCTH. c nOMOIIIbI0 npeAJIOXE!HHOrO MeTOAa BbIBeAeHbI +YHKuRH 

OTKJIMKa AJIR TeMnepaTypbI CTeHOK KaHaJIa M CpCAHeti n0 065CMy TeMnepaTypbI W(IIAKOCTH, II npOBeAeH0 

CpaBHeHMe C pemeHAeM MeTOAOM KOHeqHbIX pa3HOCTeti. a TBK)Ke 06bNHbIM KBa3HCTauI1OHapHbIM 

MeTOAOM. 


