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LAMINAR FILM CONDENSATION ON HELICAL REFLUX 
CONDENSERS AND RELATED CONFIGURATIONS 
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Abstract-Laminar film condensation on helical elliptical cylinders is analyzed using the Nusselt- 
Rohsenow method. The formulation includes both local centrifugal and gravitational forces. A general 
dimensionless differential equation is presented and dimensionless centrifugal and configuration par- 
ameters are identified. A variety of condensing systems, in particular various semi-infinite helical circular 
cylinders, are treated. Finally, heat-transfer results are presented and discussed. In all practical situations 
(excluding liquid metal condensation) the average heat-transfer coefficients for condensation on semi- 

infinite helical circular cylinders, lie within 8.5% of values for inclined circular cylinders. 

NOMENCLATURE 

horizontal and vertical semi-axes of an 
ellipse respectively; 
= dimensionless centrifugal parameter, 

equal to (v)(F) tan2 a/Pr; 

specific heat of condensate; 
diameter of circular cylinder, or sphere; 
diameter of helix, equal to 2R; 

= NuL/[gL3/A] 1’4; 
gravitational acceleration; 
axial and polar components of 
gravitational acceleration, respectively; 
resultant and polar component of local 
effective acceleration, respectively; 
local heat-transfer coefficient; 
average heat-transfer coefficient, 

1 
T c hdA; 
A JA 
latent heat of vaporization; 
hfg, corrected to account for sensible 
heat of subcooling in the film, equal to 
h,,+0.68CpAT; 
thermal conductivity of condensate; 
characteristic length (d for horizontal 
cylinder, Qcos c( for inclined cylinder, 
etc.) ; 

average Nusselt number g. 
’ k ’ 

mass flow rate of condensate; 
helix angle, or angle of inclination; 
polar angle of the upper stagnation point 
in x1 plane, Fig. 5; 
polar angle indicating the location of 
maximum film thickness on the cylinder, 
Fig. 5; 
difference between saturation 
temperature and wall temperature 

(L - 7% 
condensate film thickness; 
polar angle in cylindrical coordinates; 
$cos u ; 
polar angle in x1 plane; 
densities of liquid and saturated vapor 
respectively: 
angle between momentary path of 
condensate and constant x1 lines; 
viscosity of condensate; 
local centrifugal acceleration; 
polar component of local centrifugal 
acceleration. 

Prandtl number; 
radius of circular cylinder, or sphere; 
radius of helix; 
a distance from the center of helix to a 
point on the surface of the helical 
cylinder ; 

INTRODUCTION 

THE PROCESS of laminar film condensation on a 
number of systems (flat plates, cylinders, spheres, etc.) 
has been extensively studied. However, heat is fre- 
quently removed by condensation on the surface of 
helical reflux condensers, and that configuration ap- 
pears not to have been analyzed. Experimental obser- 

1137 

average local velocity in direction of flow: 
average local axial velocity: 

Xl, X2? X3, 

X, 

Z, 

coordinate axis of a helical cylinder; 
reduced axial distance, equal to xl/h 
tan c( for sloping elliptical cylinders, and 
2x 41 tan CI for sloping circular cylinders ; 
= dimensionless group representing 
the film thickness, equal to 

Greek symbols 
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vations of condensation on the surface of helical reflux 
condensers reveal the effect of centrifugal forces on the 
condensate. It is observed that condensate droplets are 
flung downward and outward from the helix.* The 
present investigation treats condensation on helical 
circular cylinders, taking into consideration the in- 
duced centrifugal forces. 

The original analysis of the problem of film conden- 
sation on a vertical flat plate in a constant gravity field 
was done by Nusselt [1] in 1916. Since then, a number 
of investigators have made significant improvements 
on the Nusselt theory. 

Bromley [2] considered the effects of subcooling, 
dropping Nusselt’s assumption of a linear temperature 
distribution. Rohsenow [3] presented a modified 
integral analysis which removed some of Bromley’s 
approximations. In his analysis Rohsenow shows that 
for a range of 0 < C’,Ar/h,, < 1.0 the average Nusselt 
number for laminar film condensation on a vertical 
plate, based on the length of the plate, L, very closely 
approximates to 

- 
Nu 

where 

and 
hj, = h,,(l+0.68C,AT/hf,). 

The adequacy of the simple Nusselt-Rohsenow 
theory in practical situations has been well established. 
Sparrow and Gregg’s [4,5] boundary-layer treatment 
of isothermal vertical plates and horizontal cylinders, 
and Chen [6] and Koh et al.% [7] consideration of the 
effect of the vapor drag exerted on the liquid film, 
proved the accuracy of the simple theory as long as 
the Prandtl number, Pr, was on the order of unity or 
greater and C,ATfhf, was less than unity. 

Hassan and Jakob [8] considered laminar film con- 
densation on circular cylinders of radius, r, inclined 
with an angle, tl, from the horizontal. They assumed 
that the velocity distribution at a point on the surface 
of the cylinder is the same as that on a fully developed 
film flowing on a plane tangent to the surface at that 
point. Their results showed that the condensate thick- 
ness approaches a limiting value so long as X > 3.2, 
where X is the axial distance from the leading edge 
of the cylinder divided by rtancr. Hassan and Jakob 
also showed that the dimensionless length of the 
cylinder, X, has to be greater than or equal to 50 so 
that the heat-transfer coefficient value averaged over 
the entire surface of the cylinder approaches that of 
an infinitely long cylinder. This effect results from the 
fact that the film is thin in the starting region of the 
cylinder (X < 3.2). t 

*This action was observed very clearly in the large reflux 
condenser built by Lienhard and Dhir for their flat-plate 
boiling experiment in this laboratory. 

tFor most practical situations X = 50 is relatively small, 
e.g. only 8.5 cm of a 13 mm O.D. cylinder inclined 15” from 
the horizontal is required to reach the value of X = 50. 

By adopting thesemodifications of Nusselt’s assump- 
tions, we can develop an analysis of laminar film 
condensation on the very general configuration of a 
helical elliptical cylinder. This analysis will be based 
on the restrictions that the Prandtl number is not much 
less than unity; the ratio of sensible to latent heat 
C,AT/h,, < 1.0; and no liquid is added by dripping 
from the adjacent upper level of tubing. (It will be 
shown that for limiting geometrical configurations this 
restriction is satisfied.) We shall also assume that at 
each poiqt on the surface of the condenser, the com- 
ponents of the forces exerted on the condensate follow 
the Nusselt assumption of static balance of forces, 
enabling us to lump the components of gravitational 
and local centrifugal acceleration together at each point 
on the surface of the condenser. As in all of the previous 
condensation solutions, the solution will apply to sur- 
faces with a radius of curvature much greater than the 
film thickness. Finally, this solution will be applied to 
the common case of a circular helical cylinder. 

ANALYSIS 

A helical cylinder with an elliptical cross section, 
helix angle, c(, and helix radius, R, is shown in Fig. 1. 
R is the distance between the centers of the helix and 
cylinder. 

Sectii A-A mmal 10 x, oxis 

FIG. I. Helical elliptical cylinders and coordinate axes. 

The length of a helix of radius R and angle c( is equal 
to Rv/ios a, where j is the polar angle in a cylindrical 
coordinate representing the center of the helical cylin- 
der. Hence the helical cylinder under consideration can 
be presented in the following form : 

Xl = W)v 
x2 = asin (2)” 
x3 = bcos& 

where y = T/cos a, 4 is an angle of the polar coordinate 
system in’the x1 plane, and 

i?(4) = R(l+tsinb). 

*0 < 4 < I( represents the outer half, and K Q 4 < 271 the 
inner half, of the helical cylinder. 
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.Effective acceleration 
The gravitationai acceleration acting on the cylinder 

can be resolved into two components as shown in 

Fig. 2(a). At all points on the cylinder the component 

of the gravity, 

9x1 = gsincc (4) 

a) Gravitotianal components 

b) t%ar gavitatian and centrifugal COtW3WiS 

FIG. 2. Effective acceleration. 

is the oniy acceleration acting on the condensate film 
in the axial direction. However, there are two modes 
of acceleration, gravitational and centrifugal, acting on 

the condensate film in the polar direction as shown in 
Fig. 2(b). The polar gravitational component is ex- 
pressible as 

sin C$ cos tl 
g’b = ’ [E(+)]‘/z (5) 

where 

E(4) = sin’ 4 + a 0 
2 

h 
cos2 4. 

The local centrifugal acceleration o’R(&) is defined 
as 

(6) 

where CO is the angular velocity and R(b) is the local 
radius of the helix at a point P on the cylinder. The 
polar component of the local centrifugal acceleration 

acting on the condensate film as shown in Fig. 2(b) 
can be presented as 

Therefore, the local effective acceleration, G, acting on 
the condensate film can be expressed as 

G = [g:,+G$]“” (8) 

where 

G,/, = g+ + [w2@$)l+. 

The magnitude of the axial gravitational acceleration 
gX, is constant. However, the magnitude of G,, varies 
with the local film thickness. Hence the magnitude and 
direction of the effective gravity, G, varies continuously 
with the variation of the local condensate film thickness 
on the cylinder. 

Nusselt’s local average film velocity, V,, is expressible 
in terms of the film thickness 6(x1, 4) and G without 
reference to the history of the film up to this location, as 

(9) 

GOVERNING DIFFERENTIAL EQUATION 

Consider the volume element shown in Fig. 3. The 
condensate with an average velocity V, tangent to the 
surface of cylinder flows into the element. VP!,, makes 

I 
I ! 

I 

FIG. 3. Volume element. 

an angle (42) -II/ with the normal to x1 plane, where 

$=sin- F-cos~l~. 1gxI _ (10) 

The rate of heat lost by vapor condensing on the volume 
element is equal to the rate of heat transfer by con- 
duction through the film. Hence with the aid of the 
continuity relation, the following is developed 

k 
s h[~(g!#‘~&#W- = PA, 0x3 r@W$)l 

+~[V~sin~b[E(srl’!‘a~. (11) 
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Substituting equations (3) (9) and (10) and rearranging (11) give 

3Ah( 1 +n sin 4/R) 

=I 

-cos$(l+2asinb/R) (1-uZ/h’)sin2~cos~(l+nsin~/R) 
~____.___ _______. 

cos a E(4) [E($)]2 ----.~ 

cos&5’ 36 +361tanab(;6, (12) 

?Xl 

Introducing the dimensionless groups: 

z sgcosaS4 -. 
3hA ’ 

x&TLL 
htana 

we can express equation (10) 

+4 cos4(1+2asin4/R) (1-a2/b2)sin2~cosr$(1+asin~/R) Z 

3 I E(4) - 
-__ 

M&l’ I 

(13) 

where 

(14) 

Equation (13) is subject to the boundary condition 

Z(X = 0, f#r) = 0. (15) 

Finally, the average Nusselt number is defined as 

where L represents a characteristic length, and h is the 
average heat-transfer coefficient, readily obtainable by 
averaging the local heat-transfer coefficient 

pf(pf--pg)h~,k3cosa 

3bpAWX, 4) 
(17) 

over the entire surface of the cylinder. 
Equation (13) relates the dimensionless group, Z, 

and in turn the film thickness, 6, with the configuration 
parameters u/R, a/b, and the centrifugal parameter B. 
The non-linear terms in equation (13) are a result of 
the centrifugal forces exerted on the condensate film. 
An interesting observation is the fact that the non- 
linear terms in equation (13) are eliminated for either 
diminishing values of B, or a/R. Hence modification 
of the governing differential equation of laminar film 
condensation on a helical cylinder with an elliptical 
cross section [equations (12) or (13)] will result in the 
following cases. 

1. Inclined elliptical and circular cylinders 
For R = ;(J, the differential equation (13) reduces to 

az sin4 az __- 
i%+ E(4) 84 

(18) 

At the uppermost point on the cylinder where 4 = 0, 
z is continuous, smooth and aZ/a@ = 0. Hence equa- 
tion (18) reduces to 

az(x, f$ = 0) 4 

ax 
Zj l_b’Z 

( ) a2 
(19)* 

Integrating equation (19) gives 

Z(X,4 = 0) = (zr[ I-exp(-;fX)]ff($). (20) 

Using the boundary condition, equation (15) we find 
that f(4) = 0. Hence, for the dimensionless film thick- 
ness, Z, at the uppermost part of the cylinder, we 
can write 

Z(X,d = 0) = (:I[ I-exp( --:$X,)1. (21) 

Further modification of equation (13), obtained by 
designating a = b = r, leads to 

Equation (22) is identical to the differential equation 
obtained by Hassan and Jakob [8] who investigated 
the problem of laminar film condensation on inclined 
circular cylinders. 

2. Horizontal elliptical and circular cylinders 
When R = ccj and a = 0, equation (12) will reduce to 

sin+dZ+t cos+ __- __- 
E(6) d4 3 ! 

(1-a2/b2)sin24cos4 z 

R(4) C%P)12 1 
= 413. (23) 

- ~_____ ___. _ 
*Hassan and Jakob [S] employed this scheme to evaluate 

the film thickness at the uppermost part of inclined circular 
cylinders. 
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At the uppermost part of the cylinder where 4 = 0, 
Z is continuous and smooth, so dZ/d4 = 0. In this 
case X is a constant approaching infinity, and equation 
(21) gives 

Z(f$ = 0) = a2/h2. (24)* 
For various ratios of b/a, equation (23) was evaluated 

numerically and the resulting values of h, obtained from 
equation (17), were averaged over the circumference of 
the cylinder. The results were used to evaluate the - 
values of NuJgL3/A) 1/4 = F which are plotted in Fig. 
4. In this case the characteristic length, L, is taken to 
be equal to 2h. 

Figure 4 shows that at one extreme the value of F 
asymptotically approaches the value of 0.943 as the 
ratio of b/a increases to a value much greater than 
unity (vertical plates), as obtained by the Nusselt- 
Rohsenow analysis. When a/b = 1 the value of F 
approaches 0.728 corresponding to the case of a 
horizontal circular cylinder. 

3. Inclinedjiat plate 
For R = co and b = 0, equation (12) reduces to that 

of condensation on a flat plate, inclined with angle a 
from the horizontal, obtained by the Nusselt- 
Rohsenow analysis. The average Nusselt number based 
on the length of the flat plate is given by 

- L3 114 

NuL = 0.943 g sina x 
( ) 

. (25) 

4. Stationary ellipsoids of circular horizontal cross 
sections and spheres 
When R = 0 and a = 0, equation (12) is reduced to 

(l-a2/b2)sin2r$cos4 

[WP)l* 

*This will replace the assumption that film thickness is 
zero at upper stagnation point used in most Nusselt- 
Rohsenow analyses. 

Applying the conditions of continuity and smoothness 
of Z at the upper stagnation point, dZ/d4 = 0, where 
C$ = 0, we obtain from equation (26) 

Z(4 = 0) = +(a/b)*. (27) 

Equation (26) for various ratios of b/a was numeri- 
cally evaluated. The resulting values of h were averaged 
over the entire surface of the ellipsoids. The corre- 
sponding values of F are plotted in Fig. 5, where the 
characteristic length, L, is equal to 2b.* 

The special cases considered thus far were not in- 
fluenced by induced centrifugal forces in the condensate 
film. We shall now consider a case in which the in- 
fluence of centrifugal forces must be accounted for. 

5. Helical circular cylinders 
Substituting a = b = r, we get from equation (13) 

g+ sin4 l+csinr$ +i%BcosofZ az 
I(D) 1% 

+~cos&(l+2%sin~~Z-~%Bsin~Z’ 

= 4(1+%sin$) (28) 

subject to the boundary condition 
Z(X = 0, C$) = 0. (15) 

For inclined circular cylinders Hassan and Jakob 
[8] showed that for X > 3.2 the thickness of the con- 
densate film approximately approaches its limit at 

*The value of the average Nusselt number for laminar 
film condensation on spheres in this work exceeds those 
obtained in [9] and [lo] by 5.2% and 3”/, respectively. The 
discrepancy is a result of an erroneous definition of the 
average heat-transfer coefficient in [9] and [lo]. In this 
report the values of F for the upper stagnation point and 
the upper hemisphere are found to be equal to 1.075 and 
0.985, respectively. 
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FIG. 5. Condensate film thickness on a helical circular 
cylinder: t//D = 0.2 and B = 0.04. 

X = a. Hence for circular cylinders when X > 3.2, the 
X dependency of the film thickness can be ignored. 

In the case under consideration the condensate film 
in the developing region (X < 3.2) is absolutely thin 
as compared with the film thickness at X = co, in 
particular on the underside of the cylinder where the 
centrifugal forces are most effective. Therefore when 
the centrifugal effect can be ignored (B = 0), numerical 
evaluation of equation (28) indicates that the conden- 
sate film thickness again approaches a limit when 
X 2 3.2. Then equation (13) reduces to 

+~cosd(l+~sin$]Z-ZtBsindZ’ 

= :(l+gsin$). (29) 

The L.H.S. bracket in equation (29) is zero, at a point 
on the cylinder, when 4 = p and the dimensionless 
film tliickness, Z(b), is 

Z(P) = - (9/7) g(l+%sin/?) (30) 

substituting equation (30), equation (29) can be written 
as 

+27sin’/I(l+%sin/?) =O. (31) 

For determining the upper polar stagnation point 
(8) on the cylinder, equation (31) was numerically 
solved for practical values of d/D and B. The results 
were used to evaluate the respective dimensionless film 
thickness at the upper polar stagnation point, Z(p), 

The results of these numerical calculations are sun- 
marized in Table 1. The ratio of d/D varies in the range 
of zero to 0.5, and the dimensionless group B varies 
between zero and 1. Values of B greater than unity are 
not considered since the analysis is restricted to 
C,AT/k,, ,< 1, and Pr > 1. To ignore the effect of the 
starting region on the average heat-transfer coefficient, 
the helix angle c( cannot be much greater than 45”. 
Table 1 also presents the polar angle &,x at which the 
film thickness is maximum. 

A study of Table 1 indicates that due to the effect 
of centrifugal forces exerted on the condensate film, the 
film thickness is not symmetrical with respect to the 
x3 axis, since the condensate film is much thicker on 
the under than on the upper side of the cylinder. 
Another observation is that the upper polar stagnation 
point and the location of the maximum film thickness 
increasingly deviates from polar angles 4 = 0 and 
4 = n respectively, with increasing d/D and B. 

The dimensionless film thickness 6/(AL/g)“‘4 on a 
helical circular cylinder with ratios of diameters d/D = 
0.2 and typical value of B = 0.04, is presented in Fig. 5. 
The film thickness is greatly exaggerated for clarity, 
and the characteristic length, L, is taken to be equal 
to d/coscc. Figure 5 clearly shows the asymmetrical 
effect of centrifugal forces on the condensate film. 

The restriction that no liquid is added by dropping 
from adjacent upper level of tubing to the condensate 
on the surface of the cylinder is satisfied when 

B ,,,ax < n-sin-’ (32) 

Hence for practical applications pmax from Table 1 
should be checked with equation (32). 

.Equation (29) was numerically evaluated for practical 
values of d/D and B, and the resulting values of h 
averaged over the surface of the cylinder. The average - 
Nusselt number NuL/(gL3/A)1’4 = F, for values of d/D 
from zero to 0.7 is shown in Fig. 6, with the centrifugal 
relation B taken as a constant parameter. For (l/D = 0 

,760 

,750 
I 

T 
P .740 

& 

LL 

,720 t- 
W 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Dinwter ratio d/O 

F.Ic;. 6. ALerage Nusselt number for laminar film conden- 
from equation (30). sation on helical circular cylinders. 
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the value of F agrees with Hassan and Jakob’s results 
for laminar film conden~tion on the inclined circular 
cylinders. For diminishing value of B, the effect of the 
centrifugal forces are negligible and the configuration 
factor, d/D has the dominant influence on the conden- 
sate film. Therefore, the average Nusselt number de- 
creases slightly with increasing configuration factor 
d/D.* However, for larger values of B > 0.1, the centri- 
fugal forces have the dominant effect on the condensate 
film. Hence increasing d/D results in a continuous 
increase of the average Nusselt number. The values of 
F in Fig. 6 are again restricted to condensers with 
XL B 50, so that the neglect of film development 
distance does not intluence the over-all heat-transfer 
prediction. 

Keeping the physical properties, the diameter of the 
cylinder LI, and the angle of inclination c(, constant and 
letting the values of&/D and B vary, the average Nusselt 
number &_, evaluated in this report lies within 8.50/, 
of that for an inclined cylinder. 

It should be pointed out that we have only touched 
upon the problem of condensation on helical circular 
cylinders. A number of problems still remain. Like all 
previous well established condensing systems (flat 
plates, horizontal cylinders, spheres) for Pr << 1 the 
inertia forces cannot be ignored and when C~ATj~~* is 
large the film can become ripply or turbulent. There 
is insufficient experimental or analytical data available 
for comparison with the values obtained. The only 
data known to us are those for condensation on 
inclined cylinders in [S]. 

CONCLUSIONS 

1. The governing equations for condensing flow have 
been formulated for helical elliptical cylinders. It has 
been shown that the appearance of non-linear terms 
in these equations is a result of centrifugal forces exerted 
on the condensate film. 

2. The centrifugal effect can be disregarded for 
diminishing values of either a/R or B. 

3. The solution for the governing differential equa- 
tions yields an average Nusselt number expressed as 

- 
NrrL = F[gL3/A] “’ 

where F varies with the ~nfiguration and ~ntrifugai 
parameters as shown in Figs, 4 and 6. 

___~ -- 
*Dhir and Lienhard [9] developed the following ex- 

pression for Nusselt number for laminar film condensation 
of axisymmetric bodies in nonuniform gravity: 

where 

geiT= x 
xcgWWx)14’3 

s 
D [g(x)]“3[RW]“3dx 

for doughnut shaped circular cylinders (cylinder diameter rf 
and doughnut diameter D). x = (&2)~j: g(x) = g sin Qj: and 
R(X) = (D/2)(1 +dsin 95/D), this expression gives Nusseh 
numbers, which,‘when averaged over the entire surface of 
the cylinders, are identical to Fig. 6 for the value of B = 0. 
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4. The present investigation enables the design of 4. 
helical reflux condensers for common liquids without 
serious computational difficulty. 

5. 

E. M. Sparrow and J. L. Gregg. A boundary layer 
treatment oflaminar film condensation, .I. Herrr Trrmf~r 
SlC(l), 13-18 (1959). 
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CONDENSATION EN FILM LAMINAIRE SUR DES CONDENSEURS 
HELICOIDAUX ET CONFIGURATIONS ASSOCIEES 

R&sum&-Par la methode de Nusselt-Rohsenow on analyse la condensation en film laminaire sur des 
cylindres elliptiques et hklicoidaux. La formulation inclut les forces locales centrifuges et gravitationnelles. 
On prirsente une Cquation diffkrentielle adimensionnelle et les parametres sans dimension Ii& B la con- 
figuration et B la centrifugation sont identifibs. On traite une vari& de systbmes et en particulier divers 
cylindres circulaires hklicoidaux et semi-infinis. Les &ultats de transfert thermique sont ensuite p&en& 
et discutCs. Dans toutes les situations pratiques (A I’exclusion de la condensation des metaux liquides), les 
coefficients moyens de transfert thermique B la condensation sur des cylindres circulaires, hklicoidaux et 

semi-infinis, s’approchent B moins de 8,5x des valeurs pour les cylindres circulaires et inclints. 

LAMINARE FILMKONDENSATION IN GEWENDELTEN RUCKLAUF-KONDENSATOREN 
UND~SHNLICHENANORDNUNGEN 

Zusammenfassung-Die laminare Filmkondensation an gewendelten elliptischen Zylindern wird mit 
Hilfe der Nusselt-Rohsenow-Methode untersucht. Es wird eine allgemeine dimensionslose Differential- 
gleichung aufgestellt und auf dimensionslose Parameter eingegangen. Eine Vielzahl von Kondensations- 
systemen-insbesondere verschiedene halbunendliche, gewendelte Kreiszylinder-wird untersucht. 
Wgrmeiibergangsergebnisse werden angegeben und diskutiert. Die mittleren Wiirmeiibergangskoeffi- 
zienten ftir die Kondensation an halbunendlichen, gewendelten Kreiszylindern liegen ftir alle praktischen 
FIlle (auRer fiir die Kondensation von Metallen) innerhalb einer Abweichung von 8,5x von den fiir 

geneigte Kreiszylinder giiltigen Werte. 

JIAMMHAPHAII IIJIEHOYHAX KOHAEHCAUMJI HA rIOBEPXHOCTflX 
AE@JIETMATOPOB CI-IMPAJIEBMAHOR @OPMbI I4 AHAJIOrMYHbIX 

KOH@MTYPALlMI? 

AimoTalPrn - C noMoutbH3 MeTona HyccenbTa-PoseHay aHanH3wpyeTcB naMmiapHaB nneBogHaB 
KoHneHcamiB Ha noBepxeocTnx cnwpaneBHnBb[x 3nnmITIi9ecKWx UanIfHnpoB. IlocTaBoBKa sanaru 
BKJllOYaeT paCCMOTpeIiW2 KaK JIOKaJlbHbIX UeHTPO6C%HblX, TBK II rpaB&iTaUHOHHbIX C&VI. npenCTaB- 
neH0 061uee AU@&peHUI4BnbHOe ypaBHeHHe B 6e3pa3MepHOM BHLfe H BblJWIeHbl 6espa3MepHbIe 
IIapaMeTpbl, XapBKTepH3yKWtIe UeHTpO6eEHbie CHnbI W KOHl$HTypBUHH3. PaCCMBTpHBBeTCR MHO- 
XCeCTBO KOHAeHCIipyIOIUIiX CIiCTeM, B YBCTHOCTEI, pa3JIIi’IHbIe nOny6eCKOH@IHI,le CIIIfpaneBHAHbIe 
KpyrOBbIe LWlHHZIpbI. HaKoHeu, npeACTBBneHb1 H o6cymnaloTcn DaHHble II0 TennOO6MeHy. BO BCeX 
nparrmlrecKux curyassrrx (AcKnmYa5I KoHnexcaum0 xIin~Bx MeTannoe) oTnBY5ie cpejutux 3Haqemifi 
KO3$I&iUIieHTOB TennOO6MeHa XJIR KOHfieHCaUHH HB ITOBepXHOCTBX nOJIy6eCKOHWHbIX CIIiipaJIe- 
BHYHbIX KpyrOBbIX UWIIfH~pOB OT 3HWieHbfk, IlOfly’IeHHblX &VIR HaKJIOHHbIX KpyrOBbIX UIiJIHHflpOB, 

cocTaBnKeT 8.5 %. 


